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Classical 
Computing

Problem: `solving’ a quantum many-body problem

Analog/Digital/Hybrid 
Quantum Simulation

`quantum advantage’
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Frontier of large-scale entanglement / large-particle number

4
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Classical 
Computing

Analog/Digital/Hybrid 
Quantum Simulation

Entanglement

Y = c1 c2 c2N

AND AND AND

in regime of large particle #

Goal/Challenge: Learn large-scale entanglement structure of many-body quantum state

k-local Hamiltonians

Problem: `solving’ a quantum many-body problem
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Introduction & Background Material

• Characterizing Entanglement in Many-Body Systems

• Programmable Quantum Simulators - Atomic Platforms

How to measure Entanglement

• Renyi Entanglement Entropy

A Elben, ST Flammia, HY Huang, R Kueng, J Preskill, 
B Vermersch & PZ, Nature Review Physics (2022)

• …

• Randomized Measurement Toolbox



10, 20 … 50 Qubit Trapped-Ion 

Programmable Quantum Simulator @ IQOQI-Labs

6 4

(a) (b) Transverse field

0.0 0.5 1.0 1.5 2.0

12

14

16

18

20

m
ea

n
of

la
rg

es
td

om
ai

n 
si

ze

 Bz /J0

~

103 103 103  Bz /J0 = 1.6~
 Bz /J0 = 1.0~

 Bz /J0 = 0.1~

Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure

Transverse long-range Ising model

Innsbruck, Duke, Rice  …

focused 

laser

… and single site  
control & readout
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C. Monroe et al., Programmable quantum simulations of spin 
systems with trapped ions. RMP (2021)
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What physics can we do … ?
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What physics can we do … ?

∣Ψ⟩

time

Ut = e−iHt
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e−ξα |ΦA
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α | ≡ e−H̃AρA = TrB |Ψ⟩⟨Ψ |

projective measurements

Probability to see a specific 
configuration of bit string s

Repeat

quantum

expectation values

PΨ(s)
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Native Hamiltonian
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Native Hamiltonian
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⋮

Entanglement

2

ated excitations act as radiating sources of entangled quasi-
particles with dispersion relations determined by the under-
lying system interactions. Possibly here start wtih: in the
case of short-range interactions get well defined group veloc-
ity - supoerpositions of left and right travelling wavepackets
emerge and distribute entanglement. for long-range....

Our system, realised with trapped ions in a linear Paul trap,
is accurately described by the transverse Ising model

HIsing = ~
X

i, j

Ji j�
(i)
x �

( j)
x + ~B

X

i

�(i)
z

where �(i)
� (� = x, y, z, ) are the spin-1/2 Pauli operators

for the ith spin, B is the e↵ective transverse magnetic
field and Ji j is the coupling matrix with approximately
power-law decay with the lattice distance |i � j| that can be
tuned between infinite-range (↵ = 0) and, asymptotically,
short-range (↵ = 3). The chosen interaction range deter-
mines the magnon quasi-particle dispersion relationship and
their interactions in the system (fig 1). In the case where
B >> max(Ji j) the number of spin excitations is conserved
and HIsing reduces to the XY model of hopping hardcore
bosons HXY =

P
i< j Ji j(�+�� + ���+). (somewhere say:?

our quasi-particles are hardcore bosons, maybe figure 1
caption)We can varify the system behaviour by directly
measuring the exact spatial distribution of the spin-spin
interactions in our system, i.e. the underlying Hamiltonian,
and the corresponding quasi-particle dispersion relationship
(see methods), which are seen to closely match theoretical
predictions (Fig 1b-c).

Starting with the steady state of all spins down we per-
form arbitrary local and global quenches of system. For local
quenches this means fully flipping or making superpositions
(|+i = (| #i+| "i)/

p
2) of individual spins. (something about?:

with local quench probe low lying excitations of system and
QP dispersion relation. With global quench probe high lying
excitations and QP interactions become really important.) In
this case the spread of information from the quench site(s)
around system can be seen in spatially and temporally re-
solved single spin observables like the magnetisation hZ(t)i.
At early times wavefronts radiating away from single spin-
excitations are clearly visible while at later times reflections
result in complex interference patterns (fig 1a-b). Creating
excitations at either end of the spin chain creates counter-
propagating wavefronts resulting in quasi-particle collisions,
with properties dependant on the underlying interaction range
(Fig 1c).

For global quenches rotate all spins are prepared in the
superposition state |+i. This corresponds to a superposition
of all possible system excitations and therefore all super-
positions of magnon dynamics will occur. In this case the
underlying physics can be investigated by measuring two-spin
correlation functions (fig 1d). The propagation of correlations
following global quenches in spin chains is explored in a

FIG. 2: Magnon dynamics in a systems of 7 interacting quantum
spins following local and global quenches. a-c. Time evolution of
the magnetisation hZ(t)i of each spin in the system following a local
quench at: a the centre spin, for ↵ ⇡ ??. a.i, data, a.ii, theory: b
the left hand spin, for ↵ ⇡ ??, b.i, data, b.ii, theory and: c both ends
of the chain resulting, for ↵ ⇡ ??, (data only). d. Time evolution
of two-spin correlation function C = hZi(t)Zj(t)i � hZi(t)ihZj(t)i fol-
lowing a global quench, for ↵ ⇡ ?? (see methods, where we must
explain that done with smaller B field).

complimentary paper by Monroe [? ].

To reveal the quantum correlations carried by quasi-
particles we tomographically measure the full quantum state
of pairs of spins at many points during the dynamics. In this
case we employ short-range interactions (↵ 2) for which a
clear wavefront is apparent following a local quench in the
centre of the spin chain (fig 3a). The results clearly show that
magnons emerging from either side of the initial excitation are
entangled, and distribute this entanglement across the spin-
chain at a finite velocity (fig 3b-c). In general it is possible to
measure the quantum state of any subset of spins at any point
in the dynamics.

In the case of nearest-neighbour interactions, LR bounds
say that information is restricted to propagate within well de-
fined wavefronts, beyond which the signal amplitude decays
exponentially (both in space and time). In that case, the sys-
tems maximal group velocity tightly bounds the propagating
wave front. In the presence of power-law interactions that
decay su�ciently fast, one can still obtain an approximate
light cone by considering only the nearest-neighbor interac-
tions [8? ], but now the signal decays algebraically outside
of this approximate light cone. When the interactions become
of longer range, there are more magnons that propagate faster
than the nearest-neighbor wave front, and the light-cone con-
cept breaks down.

This e↵ect is exemplified in Fig. 4a-c for local quenches
at three values of ↵, chosen roughly equally spaced around
↵ = 1. In the shortest-range case (Fig. 4a, ↵ ⇠ 1.41), the ob-

Magnon

time

|ψ(t )〉= e−i ĤX Y t |ψ(0)〉
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Entanglement in quench dynamics

Richmere et al., 
Nature 2014

Jurcevic et al., 
Nature 2014

Entanglement
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programming entangled states

time

entangle

entangle

family of entangled states

Û1(θ) = e−iθ∑ij Jij ̂σ x
i ̂σ x

j

Û2,i(θ) = e−iθn⋅ ̂σi

entangle (Ising)

local rotations

• in general not universal gate set

• scalable

trapped ion quantum resources

|ψ(θ)⟩ = ÛN(θN)…Û2(θ2)Û1(θ1) |ψ0⟩|ψ(θ)⟩

Ĥ Ising =
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i , j
Ji j σ̂

x
i σ̂

x
j +B

∑

i
σ̂z

i
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Native Hamiltonian

… as resource for high-fidelity N-body gate
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entangle

entangle

|ψ(θ)⟩

Variational Classical-Quantum Algorithms

quantum device classical computer

Review: M Cerezo, A Arrasmith, R Babbush, SC Benjamin, S Endo, K Fujii, JR McClean, K Mitarai, X Yuan, L Cincio, PJ Coles, Nature Reviews Physics 3, 625 (2021)

ansatz

optimize θ

target Hamiltonian (e.g. lattice model)

ĤT = ∑
nα

hα
n ̂σα

n + ∑
nℓαβ

hαβ
nℓ ̂σα

n ̂σβ
ℓ + …

QAOA, E Farhi, J Goldstone, S Gutman, arXiv:1411.4028, 

Variational Quantum Eigensolver (VQE)

Energy(θ) = ⟨ψ(θ) | ĤT |ψ(θ)⟩ → min
… computing 
ground states
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entangle

entangle

|ψ(θ)⟩

Variational Classical-Quantum Algorithms

quantum device classical computer

ansatz

optimize θ

target Hamiltonian (e.g. lattice model)

measured on quantum device robust to design errors in resource Hamiltonians!

Variational Quantum Eigensolver (VQE)

Energy(θ) = ⟨ψ(θ) | ĤT |ψ(θ)⟩ → min
… computing 
ground states⟨ĤT⟩ = ∑

nα

hα
n ⟨ ̂σα

n⟩+ ∑
nℓαβ

hαβ
nℓ⟨ ̂σα

n ̂σβ
ℓ⟩+…
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(2) our focus on quantum lattice models of condensed matter and 
high-energy physics, incorporating their intrinsic symmetries in trial 
states, and thus greatly reducing the number of variational parameters; 
and (3) an advanced global optimization algorithm specifically suited 
for noisy, high-dimensional and gradient-free optimization problems, 
and a re-use of measurement data to efficiently find ground states of 
whole classes of Hamiltonians.

Finally, we measure not only the energy of the target model, but 
also the Hamiltonian variance of the prepared states, allowing for 
quantitative self-verification of the acquired results on the quantum 
device itself. We are able to measure the algorithmic error bars of the 
final energies, that is, the uncertainty on the approximate ground-state 
energy resulting from the variational ansatz state at finite circuit depth.

Target model and quantum resources
In VQS there exists a clear distinction between the target model 
Hamiltonian to be studied and the resources available in the laboratory 
that are used to produce trial states θΨ| ( ) . We now describe the 
Schwinger model as our target problem and list the available quantum 
resources provided by the trapped-ion analogue quantum simulator.

Target–lattice Schwinger model
The Schwinger model on a lattice is a paradigmatic formulation of 
one-dimensional quantum electrodynamics, and a prototype of Abelian 
lattice gauge theory36. It describes the interactions between a scalar 

fermion field, representing both matter and antimatter with electric 
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Hermitian conjugate and σ̂j

a are Pauli operators. Here the first term 
describes the creation or annihilation of a particle–antiparticle pair, 
mapped to a spin flip-flop term with coupling w. In the following, we 
set w = 1 as the energy unit. The second term is the matter mass term, 
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Fig. 1 | Classical–quantum feedback loop of VQS. Optimization of cost 
functions with function evaluations performed on a programmable 20-
qubit (blue dots) trapped-ion analogue quantum simulator. Variational 
control parameters are passed to the analogue quantum simulator, which 
generates trial states θΨ| ( )  through quench dynamics from a set of 
resource Hamiltonians with symmetry-protecting quantum circuits, 
consisting of entangling operations (orange boxes) and single-qubit 
operations (shaded blue circles), corresponding to quantum resources. 
Measurement results for correlation functions are obtained by rotating the 
qubits to the proper basis (green boxes) followed by quantum projective 
measurements in the standard basis. A central data repository stores the 
information on the obtained many-body correlation functions and allows 
for data re-evaluation for different Hamiltonian parameters (see Methods). 
The classical central processing unit (CPU) optimizes the parameters θ 
based on the measurement outcomes.
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 Hybrid classical–quantum algorithms aim to variationally solve optimization problems using a feedback loop between a 
classical computer and a quantum co-processor, while benefiting from quantum resources. Here we present experiments 
that demonstrate self-verifying, hybrid, variational quantum simulation of lattice models in condensed matter and 
high-energy physics. In contrast to analogue quantum simulation, this approach forgoes the requirement of realizing 
the targeted Hamiltonian directly in the laboratory, thus enabling the study of a wide variety of previously intractable 
target models. We focus on the lattice Schwinger model, a gauge theory of one-dimensional quantum electrodynamics. 
Our quantum co-processor is a programmable, trapped-ion analogue quantum simulator with up to 20 qubits, capable of 
generating families of entangled trial states respecting the symmetries of the target Hamiltonian. We determine ground 
states, energy gaps and additionally, by measuring variances of the Schwinger Hamiltonian, we provide algorithmic 
errors for the energies, thus taking a step towards verifying quantum simulation.

The development of quantum simulators provides us with tools to 
solve the quantum many-body problem of condensed matter and high- 
energy physics1,2. In analogue quantum simulation (AQS), highly con-
trollable quantum systems directly realize specific model Hamiltonians 
using the natural quantum resources available for a given physical plat-
form3–10. AQS can be scaled to a large number of particles while still 
maintaining excellent quantum coherence. However, for complex target 
models, such as lattice gauge theories, realization in the framework of 
AQS becomes increasingly challenging. In contrast, digital quantum 
simulation (DQS) is able to propagate the many-body wavefunctions 
for a generic quantum many-body Hamiltonian as Trotterized time 
evolution on a universal quantum computer11–14. Yet the realization 
of a large-scale, fault-tolerant quantum computer remains a long-term 
goal, and thus far DQS has remained limited to very small system sizes. 
In this Article, we focus on variational quantum simulation (VQS) as 
a third way of simulating many-body quantum systems. We combine 
hybrid quantum variational techniques with the recent development of 
programmable analogue quantum simulators, which provides us with 
potentially scalable analogue quantum devices, capable of performing 
a restricted set of high-fidelity quantum operations. Essentially, VQS 
provides a framework for quantum simulation of complex lattice mod-
els beyond AQS and DQS, producing the best possible answers—for 
given quantum resources—such as are available in today’s laboratories.

Quantum variational techniques have been developed in quantum 
chemistry and in the context of classical optimization15–19. A quantum 
device prepares a family of (possibly) highly entangled variational trial 
states θΨ| ( )  with θ a vector parameterizing the quantum circuit that 
generates the quantum state. In a closed feedback loop (Fig. 1), a clas-
sical computer then optimizes the parameters θ over a relevant cost 
function: for example, to compute ground states of a given target 
Hamiltonian ĤT we seek to minimize θ θΨ Ψ| |Ĥ( ) ( )T . The role of the 
quantum device is to perform the classically difficult task of evaluating 
observables from highly entangled states. For lattice spin models, a 
generic Hamiltonian, Ĥ ĥ= ∑ i iT , is decomposed into strings 
ĥ σ σ∝ …ˆ ˆi j

a
j
a
s

s
1

1  of Pauli operators σ̂j
a, where j labels the lattice site and the 

a values are Cartesian coordinates. The energy cost function then 
becomes the sum of expectation values of correlation functions 

θ θΨ Ψ| |ĥ( ) ( )i , which are individually measured on the quantum 
device. In this procedure, the target Hamiltonian ĤT exists only as a set 
of measurement prescriptions and never needs to be realized physically 
in the laboratory, endowing the experimenter with great freedom in 
the choice of models available for quantum simulation. In addition, 
once the classical parameters θ corresponding to (a good approxima-
tion of) the ground state are found, the state can be re-prepared at will 
and is available for further study.

Small-scale, pioneering experiments with hybrid algorithms run-
ning on quantum computers of two to six qubits have been shown to 
successfully tackle problems in quantum chemistry18,20–22 and, more 
recently, in condensed matter and high-energy physics23,24. In these 
experiments, scaling to larger system sizes is limited by the available 
quantum computing hardware, as well as by a rapid increase in the 
number of variational parameters θ. Moreover, an inherent challenge 
of quantum variational techniques is the rapidly increasing number of 
measurements needed for the classical computer to successfully navi-
gate the resulting high-dimensional energy landscape with increasing 
system size, from which information can only be obtained through 
inherently noisy projective measurements. Finally, when variational 
techniques can be scaled up to a regime where classical simulations 
become intractable, we are faced with the long-standing problem of 
how to verify the answers produced, that is, assessing how close the 
variational trial states and energies are to the exact values. So far, the 
scalability and applicability of VQS remain key challenges25–29.

Here we demonstrate how VQS can be scaled up for lattice models, 
by employing existing programmable analogue quantum simulator 
platforms. We perform quantum simulations of the ground state of the 
lattice Schwinger model30,31, using a trapped-ion quantum simulator 
with up to 20 qubits32, which naturally implements a long-range XY 
spin model33–35 and single-site spin rotations. The key enabling ele-
ments are: (1) the use of a programmable analogue quantum simulator 
as potentially scalable, although non-universal, quantum hardware;  
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trollable quantum systems directly realize specific model Hamiltonians 
using the natural quantum resources available for a given physical plat-
form3–10. AQS can be scaled to a large number of particles while still 
maintaining excellent quantum coherence. However, for complex target 
models, such as lattice gauge theories, realization in the framework of 
AQS becomes increasingly challenging. In contrast, digital quantum 
simulation (DQS) is able to propagate the many-body wavefunctions 
for a generic quantum many-body Hamiltonian as Trotterized time 
evolution on a universal quantum computer11–14. Yet the realization 
of a large-scale, fault-tolerant quantum computer remains a long-term 
goal, and thus far DQS has remained limited to very small system sizes. 
In this Article, we focus on variational quantum simulation (VQS) as 
a third way of simulating many-body quantum systems. We combine 
hybrid quantum variational techniques with the recent development of 
programmable analogue quantum simulators, which provides us with 
potentially scalable analogue quantum devices, capable of performing 
a restricted set of high-fidelity quantum operations. Essentially, VQS 
provides a framework for quantum simulation of complex lattice mod-
els beyond AQS and DQS, producing the best possible answers—for 
given quantum resources—such as are available in today’s laboratories.

Quantum variational techniques have been developed in quantum 
chemistry and in the context of classical optimization15–19. A quantum 
device prepares a family of (possibly) highly entangled variational trial 
states θΨ| ( )  with θ a vector parameterizing the quantum circuit that 
generates the quantum state. In a closed feedback loop (Fig. 1), a clas-
sical computer then optimizes the parameters θ over a relevant cost 
function: for example, to compute ground states of a given target 
Hamiltonian ĤT we seek to minimize θ θΨ Ψ| |Ĥ( ) ( )T . The role of the 
quantum device is to perform the classically difficult task of evaluating 
observables from highly entangled states. For lattice spin models, a 
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device. In this procedure, the target Hamiltonian ĤT exists only as a set 
of measurement prescriptions and never needs to be realized physically 
in the laboratory, endowing the experimenter with great freedom in 
the choice of models available for quantum simulation. In addition, 
once the classical parameters θ corresponding to (a good approxima-
tion of) the ground state are found, the state can be re-prepared at will 
and is available for further study.

Small-scale, pioneering experiments with hybrid algorithms run-
ning on quantum computers of two to six qubits have been shown to 
successfully tackle problems in quantum chemistry18,20–22 and, more 
recently, in condensed matter and high-energy physics23,24. In these 
experiments, scaling to larger system sizes is limited by the available 
quantum computing hardware, as well as by a rapid increase in the 
number of variational parameters θ. Moreover, an inherent challenge 
of quantum variational techniques is the rapidly increasing number of 
measurements needed for the classical computer to successfully navi-
gate the resulting high-dimensional energy landscape with increasing 
system size, from which information can only be obtained through 
inherently noisy projective measurements. Finally, when variational 
techniques can be scaled up to a regime where classical simulations 
become intractable, we are faced with the long-standing problem of 
how to verify the answers produced, that is, assessing how close the 
variational trial states and energies are to the exact values. So far, the 
scalability and applicability of VQS remain key challenges25–29.

Here we demonstrate how VQS can be scaled up for lattice models, 
by employing existing programmable analogue quantum simulator 
platforms. We perform quantum simulations of the ground state of the 
lattice Schwinger model30,31, using a trapped-ion quantum simulator 
with up to 20 qubits32, which naturally implements a long-range XY 
spin model33–35 and single-site spin rotations. The key enabling ele-
ments are: (1) the use of a programmable analogue quantum simulator 
as potentially scalable, although non-universal, quantum hardware;  
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form3–10. AQS can be scaled to a large number of particles while still 
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AQS becomes increasingly challenging. In contrast, digital quantum 
simulation (DQS) is able to propagate the many-body wavefunctions 
for a generic quantum many-body Hamiltonian as Trotterized time 
evolution on a universal quantum computer11–14. Yet the realization 
of a large-scale, fault-tolerant quantum computer remains a long-term 
goal, and thus far DQS has remained limited to very small system sizes. 
In this Article, we focus on variational quantum simulation (VQS) as 
a third way of simulating many-body quantum systems. We combine 
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programmable analogue quantum simulators, which provides us with 
potentially scalable analogue quantum devices, capable of performing 
a restricted set of high-fidelity quantum operations. Essentially, VQS 
provides a framework for quantum simulation of complex lattice mod-
els beyond AQS and DQS, producing the best possible answers—for 
given quantum resources—such as are available in today’s laboratories.

Quantum variational techniques have been developed in quantum 
chemistry and in the context of classical optimization15–19. A quantum 
device prepares a family of (possibly) highly entangled variational trial 
states θΨ| ( )  with θ a vector parameterizing the quantum circuit that 
generates the quantum state. In a closed feedback loop (Fig. 1), a clas-
sical computer then optimizes the parameters θ over a relevant cost 
function: for example, to compute ground states of a given target 
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device. In this procedure, the target Hamiltonian ĤT exists only as a set 
of measurement prescriptions and never needs to be realized physically 
in the laboratory, endowing the experimenter with great freedom in 
the choice of models available for quantum simulation. In addition, 
once the classical parameters θ corresponding to (a good approxima-
tion of) the ground state are found, the state can be re-prepared at will 
and is available for further study.

Small-scale, pioneering experiments with hybrid algorithms run-
ning on quantum computers of two to six qubits have been shown to 
successfully tackle problems in quantum chemistry18,20–22 and, more 
recently, in condensed matter and high-energy physics23,24. In these 
experiments, scaling to larger system sizes is limited by the available 
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system size, from which information can only be obtained through 
inherently noisy projective measurements. Finally, when variational 
techniques can be scaled up to a regime where classical simulations 
become intractable, we are faced with the long-standing problem of 
how to verify the answers produced, that is, assessing how close the 
variational trial states and energies are to the exact values. So far, the 
scalability and applicability of VQS remain key challenges25–29.

Here we demonstrate how VQS can be scaled up for lattice models, 
by employing existing programmable analogue quantum simulator 
platforms. We perform quantum simulations of the ground state of the 
lattice Schwinger model30,31, using a trapped-ion quantum simulator 
with up to 20 qubits32, which naturally implements a long-range XY 
spin model33–35 and single-site spin rotations. The key enabling ele-
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0
<latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit> 1

<latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit>

3
<latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit>

4
<latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit>

|∆θ|
<latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit>

2
<latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit>

Experiment
<latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit>

Theory
<latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit>
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<latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit>
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<latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit>

E (1)
<latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit>

1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit> 6

<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

→
<latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit>
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<latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit>

0.7
<latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit>

0.8
<latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit>

0.9
<latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit>

Particle Density
<latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit>

6
<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit>

exact
ground state

<latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit>
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1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit>

6
<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

∆exp
<latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit>

E(0)
θ = ⟨Ψθ ∣ ĤT ∣ Ψθ⟩

up to 
20 ions

iteration i

Lattice Schwinger Model (1D QED)

vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

e+
<latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit>

e+
<latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit>

e�
<latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit>

e�
<latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit>vac

<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

fermionic matter field
quantized electric field
1D: Jordan-Wigner: fermions → spins

E(1) exp
E(1) theory

σ(∆exp)
<latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit><latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit><latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit><latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit>

∆
<latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit>
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0
<latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit> 1

<latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit>

3
<latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit>

4
<latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit>

|∆θ|
<latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit>

2
<latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit>

Experiment
<latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit>

Theory
<latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit>
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E (0)
<latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit>
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<latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit>

E (1)
<latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit>

1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit> 6

<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

→
<latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit>
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0.6
<latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit>

0.7
<latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit>

0.8
<latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit>

0.9
<latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit>

Particle Density
<latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit>

6
<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit>

exact
ground state

<latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit>
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1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit>

6
<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

∆exp
<latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit>

ΔE2 = ⟨Ĥ2
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Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure

Experimental Energy Optimization Trajectory 
for Ground State (VQE)
N = 51 ions

Short VQE Circuit with Ion Resources

5 layers and 10 parameters

…
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MJ Joshi, C Kokail, R van Bijnen, 

F Kranzl, TV Zache,R Blatt,CF Roos, & PZ, 

Nature online Nov 29 (2023)
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• Basic Quantum Science

• Applications

… enabled by Programmable Q-Simulator

`Learning’ Entanglement <latexit sha1_base64="mXHgkw/1WzFL4E9q2DiYg9zwLck=">AAACBHicbVDLSsNAFJ3UV62vqks3wSK4KomKuiy6cVnBPrAJZTK9bYdOJmHmRiihW7/ArX6BO3Hrf/gB/oeTNgvbeuDC4Zx7ufeeIBZco+N8W4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDRYJCLVDqgGwSU0kKOAdqyAhoGAVjC6zfzWEyjNI/mA4xj8kA4k73NG0UiP3ggw9eqaT7rlilN1prCXiZuTCslR75Z/vF7EkhAkMkG17rhOjH5KFXImYFLyEg0xZSM6gI6hkoag/XR68cQ+MUrP7kfKlER7qv6dSGmo9TgMTGdIcagXvUz8z+sk2L/2Uy7jBEGy2aJ+ImyM7Ox9u8cVMBRjQyhT3NxqsyFVlKEJaW5LoKgJJ8vFXUxhmTTPqu5l9fz+olK7yRMqkiNyTE6JS65IjdyROmkQRiR5Ia/kzXq23q0P63PWWrDymUMyB+vrF6RRmV4=</latexit>

| i
C. Kokail et al, Nat. Phys. 17, 936–942 (2021)
 MK Joshi, C Kokail, R van Bijnen et al., Nature online Nov 28 (2023)

Optimal Quantum Metrology en
ta

ng
le

r

de
co

de
r

variational quantum circuits

Ramsey Interferometer

[beyond squeezing]

R. Kaubruegger et al., Phys. Rev. X. 11, 041045 (2021)

CD Marciniak et al., Nature. 603, 604 (2022).
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Introduction & Background Material

• Characterizing Entanglement in Many-Body Systems

• Programmable Quantum Simulators - Atomic Platforms
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@ACharacterizing Entanglement in 
Quantum Many-Body System
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Reduced density matrix

ρA = TrB [ |Ψ⟩⟨Ψ |]
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| i

Two systems are bipartite entangled iff |Ψ⟩ ≠ |Ψ⟩A ⊗ |Ψ⟩B

TrA[ρ2
A] < 1

SVN
A = − TrA[ρA log ρA] Von Neumann 


entanglement entropy

purity

e.g. ground state

How to measure?
e.g. via randomized measurements

A Elben, ST Flammia, H-Y Huang, R Kueng, J Preskill, B Vermersch & PZ, arXiv:2203.11374
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Reduced density matrix

ρA = TrB [ |Ψ⟩⟨Ψ |]

|Ψ⟩ =
χ

∑
α=1

e−ξα/2 |ΦA
α⟩ ⊗ |ΦB

α⟩  product stateχ = 1

 entangled stateχ > 1
 has rank ρA χ

Two systems are bipartite entangled iff |Ψ⟩ ≠ |Ψ⟩A ⊗ |Ψ⟩B

Schmidt decomposition

Reviews: L. Amico, R. Fazio, A. Osterloh and V. Vedral, RMP (2008); J. Eisert, M. Cramer and M. B. Plenio, RMP (2010); P. Calabrese, J. Cardy and B. Doyon, JPA (2009); 
I. Peschel and V. Eisler, JPA (2009); O. Gühne, and G. Tóth, Phys. Rep. (2009); J. I Cirac, D Pérez-García, N Schuch, and F Verstraete, RMP (2021)
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e.g. ground state
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Reduced density matrix
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B

• Entanglement measures

• fingerprint of topological order (Li-Haldane)

• detection of quantum phase transitions

Why interesting?

D. Haldane

… low-lying entanglement spectrum 
can be used as a “fingerprint” to 
identify topological order. [PRL 2008]

ρA = TrB [ |Ψ⟩⟨Ψ |]
entanglement Hamiltonian (EH) 

 = e−H̃A mixed state: Gibbs 
ensemble with EH 

Can we `learn' operator structure of Entanglement Hamiltonian? (sample-)efficient? 

 =
χ

∑
α=1

e−ξα |ΦA
α⟩⟨ΦA

α |

entanglement spectrum
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Quench dynamics with analog quantum simulator

time

Ut = e−iHt

quench 
dynamics

highly entangled stateinitial product state

|Ψ⟩
ρA = e−H̃AA

|Ψ⟩ =
χ

∑
α=1

e−ξα/2 |ΦA
α⟩ ⊗ |ΦB

α⟩

Schmidt values as function of time
product → entangled state

C Kokail, R van Bijnen, A Elben, B Vermersch, & P.Z, Nature Physics (2019); with experimental data from T. Brydges et al., Science (2019)
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λα = e−ξα

Von Neumann SA

Sub-system [1:5] of 10 ions [similar data for 20 ions and subsystem [8:14] ]

Ut = e−iHt

quench 
dynamics u1

u2

u3

|Ψ⟩
ρA

|Ψ⟩ =
χ

∑
α=1

e−ξα/2 |ΦA
α⟩ ⊗ |ΦB

α⟩

We wish to `see’ the Schmidt values 
 in quench dynamics in timeλα = e−ξα

H = ∑
i<j

(Jijσ+
i σ−

j +  h.c.) + B∑
i

σz
i

theory: quench

theory: EHT

exp: EHT

Example: Entanglement Spectrum & Quench Dynamics Th+Exp

C Kokail, R van Bijnen, A Elben, B Vermersch, & P.Z, Nature Physics (2019); with experimental data from T. Brydges et al., Science (2019)
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t = 5ms

<latexit sha1_base64="lkFfZdLu9zmFa1nsEadGx4DtFjY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LC2CBymJVOpFKHjxWMF+QBPKZrtpl+4mYXdSLKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oj+zjk7aOU0VZi8YiVt2AaCZ4xFrAQbBuohiRgWCdYHw39zsTpjSPo0eYJsyXZBjxkFMCRurbNuBbfO1desCeIJN61rcrTtVZAK8TNycVlKPZt7+8QUxTySKggmjdc50E/Iwo4FSwWclLNUsIHZMh6xkaEcm0ny0un+FzowxwGCtTEeCF+nsiI1LrqQxMpyQw0qveXPzP66UQ3vgZj5IUWESXi8JUYIjxPAY84IpREFNDCFXc3IrpiChCwYRVMiG4qy+vk/ZV1a1V6w+1SqOcx1FEZ6iMLpCL6qiB7lETtRBFE/SMXtGblVkv1rv1sWwtWPnMKfoD6/MHgZiS3A==</latexit>

t = 4ms

<latexit sha1_base64="UP3lXIn3m0iVnM85e8Kf1wErx1Y=">AAAB+XicbVBNSwMxEM36WevXqkcvoUXwIGVXCvUiFLx4rGA/oLuUbJq2oUl2SWaLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz86JEcAOe9+1sbG5t7+wW9or7B4dHx+7JacvEqaasSWMR605EDBNcsSZwEKyTaEZkJFg7Gt/N/faEacNj9QjThIWSDBUfcErASj3XBXyLq8FVAOwJMmlmPbfsVbwF8Drxc1JGORo99yvoxzSVTAEVxJiu7yUQZkQDp4LNikFqWELomAxZ11JFJDNhtrh8hi+s0seDWNtSgBfq74mMSGOmMrKdksDIrHpz8T+vm8LgJsy4SlJgii4XDVKBIcbzGHCfa0ZBTC0hVHN7K6YjogkFG1bRhuCvvrxOWtcVv1qpPVTL9VIeRwGdoxK6RD6qoTq6Rw3URBRN0DN6RW9O5rw4787HsnXDyWfO0B84nz+ACZLb</latexit>

t = 3ms

<latexit sha1_base64="v/UuIm6LXYAq9BDfqEIje2YeDk8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LC2CBymJFupFKHjxWMF+QBPKZrtpl+4mYXdSLKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oj+zjk7aOU0VZi8YiVt2AaCZ4xFrAQbBuohiRgWCdYHw39zsTpjSPo0eYJsyXZBjxkFMCRurbNuBbfO1desCeIJN61rcrTtVZAK8TNycVlKPZt7+8QUxTySKggmjdc50E/Iwo4FSwWclLNUsIHZMh6xkaEcm0ny0un+FzowxwGCtTEeCF+nsiI1LrqQxMpyQw0qveXPzP66UQ3vgZj5IUWESXi8JUYIjxPAY84IpREFNDCFXc3IrpiChCwYRVMiG4qy+vk/ZV1a1V6w+1SqOcx1FEZ6iMLpCL6qiB7lETtRBFE/SMXtGblVkv1rv1sWwtWPnMKfoD6/MHfnqS2g==</latexit>

t = 2ms

<latexit sha1_base64="UyBNvN0Vp6ncG2KEzrikOlM7VzE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LC2CBylJKdSLUPDisYL9gCaUzXbTLt1Nwu6kWEL/iRcPinj1n3jz37htc9DWBwOP92aYmRckgmtwnG+rsLW9s7tX3C8dHB4dn9inZx0dp4qyNo1FrHoB0UzwiLWBg2C9RDEiA8G6weRu4XenTGkeR48wS5gvySjiIacEjDSwbcC3uOZde8CeIJN6PrArTtVZAm8SNycVlKM1sL+8YUxTySKggmjdd50E/Iwo4FSweclLNUsInZAR6xsaEcm0ny0vn+NLowxxGCtTEeCl+nsiI1LrmQxMpyQw1uveQvzP66cQ3vgZj5IUWERXi8JUYIjxIgY85IpREDNDCFXc3IrpmChCwYRVMiG46y9vkk6t6tarjYd6pVnO4yiiC1RGV8hFDdRE96iF2oiiKXpGr+jNyqwX6936WLUWrHzmHP2B9fkDfOuS2Q==</latexit>

Experiment vs. Theory

Q.: How to extract the ES (and EH) 
from experimental data?

H = ∑
i<j

(Jijσ+
i σ−

j +  h.c.) + B∑
i

σz
i for B ≫ J

C Kokail, R van Bijnen, A Elben, B Vermersch, & P.Z, Nature Physics (2019); with experimental data from T. Brydges et al., Science (2019)
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Introduction & Background Material

• Characterizing Entanglement in Many-Body Systems

• Programmable Quantum Simulators - Atomic Platforms

How to measure Entanglement

• Renyi Entanglement Entropy • quantum state tomography

• copies - quantum protocol

• randomized measurements & classical shadows

The randomized measurement toolbox,  
A Elben, ST Flammia, HY Huang, R Kueng, J Preskill, B Vermersch & PZ,  
Nature Review Physics (2022)

• …
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A B

TrA ρ2
A

<latexit sha1_base64="MyNoIC2RLX3pXUjYhxptpKmkssU=">AAAB7HicZZDLSsNAFIbP1FuNt6gLF26CRRCUkBRBlxU3Liv0BqaGyXjSDp1cyEykJeQhBHfi1oUv4FZXPoNvY3pZWPuvfr5z4z9eLLhUlvVDSkvLK6tr5XVtY3Nre0ff3WvJKE0YNlkkoqTjUYmCh9hUXAnsxAnSwBPY9gbX43r7ERPJo7ChRjF2A9oLuc8ZVQVy9VNnsiPzBGWD3FE4VNLPGknuZle5c+Yk/Wjs7rNqrrl6xTKtiYxFY89MpXbwTQwAqLv6u/MQsTTAUDFBpcxoojgTmGvHPh8aaSBoqqTmpBLj4jztYZYymf8Fd6nyL4fdjIdxqjBkc8WMBjKgqr8A5Sjw5iFKHqoCBXSAtPiSUphozmSr0TeL2EU4+3+URdOqmrZl2rdFynOYqgyHcAQnYMMF1OAG6tAEBk/wAZ/wRULyTF7I67S1RGYz+zAn8vYLDvKR8Q==</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="Ip1KGRnLuGgLQCbXCfSLwLNuQ1g=">AAAB7HicZZDLSsNAFIYnXmu8RV26KRZBUEJSBF1W3Lis0BuYGibjSTt0ZhLmIi0hDyG4E7cufAG3+hi+jWnNwtp/9fOdG/+JUkaV9rxva2l5ZXVtvbJhb25t7+w6e/sdlRhJoE0SlshehBUwKqCtqWbQSyVgHjHoRqPrab37CFLRRLT0JIU+xwNBY0qwLlDonAazHVnEMBnlgYaxVnHWknmYXeXBWSCHydTdZ/XcDp2a53ozVReNX5oaKtUMnffgISGGg9CEYaUyLDUlDHL7OKbjquEMG63swChIi/N4AJkhKv8L7oyOL8f9jIrUaBBkrphhrjjWwwWoJjyah6Co0AXieAS4+JLWIO1gtrU6dIvYRTj/f5RF06m7vuf6t16tcV7GrKBDdIROkI8uUAPdoCZqI4Ke0Af6RF+WsJ6tF+v1t3XJKmcO0Jystx+RMJCy</latexit>

Renyi entropy n=2 

ρ
<latexit sha1_base64="kvHOxFP9rIHskh1nmaVCQTgFr1E=">AAAB7XicfVDLSsNAFL2prxpfVXGli2IRXEhIFLTdFdy4rGAf0JQyGW+boZmZMDORltBfcCe6ELf+kBv/xrRVsBQ9q8s5575OEEdMG9f9tHJLyyura/l1e2Nza3unsLvX0DJRFOtURlK1AqIxYgLrhpkIW7FCwoMIm8HgeqI3H1BpJsWdGcXY4aQvWI9RYiaUr0LZLZRcx62U3YtKcbHwHHeKUvXgiBcBoNYtfPj3kiYchaER0bqNop+dGp55bmw6qcJYKjO2T/51aaoy48Rn+4nGmNAB6WOaUD3+TbQT0ysPOykTcWJQ0DkxJVxzYsIFUo94ME+iZiLb5XMyQJKlZAwq259OLYaOwaGdxfDza/HvonHueK7j3WZ5XMIMeTiEYzgFD66gCjdQgzpQCOERnuHFktaT9Wq9zaw567tnH+ZgvX8BTXaRmg==</latexit><latexit sha1_base64="WVuHwj8h+RtMOE6huDTN8QQxi+k=">AAAB7XicfVDLSsNAFJ3UV42vqLhSpFgEFxImCtquLLhxWcE+oCllMt42QzMzYWYildA/EHeiC3HrD7nxb0xbBUvRs7qcc+7rBHHEtMH408rNzS8sLuWX7ZXVtfUNZ3OrrmWiKNSojKRqBkRDxATUDDMRNGMFhAcRNIL+5Uhv3IHSTIobcx9Dm5OeYF1GiRlRvgplxyliF5dL+LRcmC08F49RrOzs8X3n4aLacT78W0kTDsLQiGjdAtHLTg2PPRybdqoglsoM7cN/XZqqzDjy2X6iISa0T3qQJlQPfxOtxHRLg3bKRJwYEHRKTAnXnJhwhtT3PJgmQTOR7fI56QPJUjIGlO2PpxZC18DAzmL4+bXwd1E/cT3setdZHmdogjzaRQfoCHnoHFXQFaqiGqIoRI/oGb1Y0nqyXq23iTVnffdsoylY719w6pJz</latexit><latexit sha1_base64="WVuHwj8h+RtMOE6huDTN8QQxi+k=">AAAB7XicfVDLSsNAFJ3UV42vqLhSpFgEFxImCtquLLhxWcE+oCllMt42QzMzYWYildA/EHeiC3HrD7nxb0xbBUvRs7qcc+7rBHHEtMH408rNzS8sLuWX7ZXVtfUNZ3OrrmWiKNSojKRqBkRDxATUDDMRNGMFhAcRNIL+5Uhv3IHSTIobcx9Dm5OeYF1GiRlRvgplxyliF5dL+LRcmC08F49RrOzs8X3n4aLacT78W0kTDsLQiGjdAtHLTg2PPRybdqoglsoM7cN/XZqqzDjy2X6iISa0T3qQJlQPfxOtxHRLg3bKRJwYEHRKTAnXnJhwhtT3PJgmQTOR7fI56QPJUjIGlO2PpxZC18DAzmL4+bXwd1E/cT3setdZHmdogjzaRQfoCHnoHFXQFaqiGqIoRI/oGb1Y0nqyXq23iTVnffdsoylY719w6pJz</latexit><latexit sha1_base64="WVuHwj8h+RtMOE6huDTN8QQxi+k=">AAAB7XicfVDLSsNAFJ3UV42vqLhSpFgEFxImCtquLLhxWcE+oCllMt42QzMzYWYildA/EHeiC3HrD7nxb0xbBUvRs7qcc+7rBHHEtMH408rNzS8sLuWX7ZXVtfUNZ3OrrmWiKNSojKRqBkRDxATUDDMRNGMFhAcRNIL+5Uhv3IHSTIobcx9Dm5OeYF1GiRlRvgplxyliF5dL+LRcmC08F49RrOzs8X3n4aLacT78W0kTDsLQiGjdAtHLTg2PPRybdqoglsoM7cN/XZqqzDjy2X6iISa0T3qQJlQPfxOtxHRLg3bKRJwYEHRKTAnXnJhwhtT3PJgmQTOR7fI56QPJUjIGlO2PpxZC18DAzmL4+bXwd1E/cT3setdZHmdogjzaRQfoCHnoHFXQFaqiGqIoRI/oGb1Y0nqyXq23iTVnffdsoylY719w6pJz</latexit><latexit sha1_base64="9EhcuRbkcM/T4e4UZ88doPTiXHw=">AAAB7XicfVDLSsNAFL2prxpfVZduikVwIWGioO2u4MZlBdMWmlIm420zNJkJMxNpCf0Fd6ILcesPufFvTGsFS9Gzupxz7usEScS1IeTTKqysrq1vFDftre2d3b3S/kFTy1Qx9JiMpGoHVGPEBXqGmwjbiUIaBxG2guH1VG89oNJcijszTrAb04Hgfc6omVK+CmWvVCEOqVXJRa28XLgOmaECczR6pQ//XrI0RmFYRLXuoBjkp4ZnLklMN1OYSGUm9sm/Ls1Ubpz6bD/VmFA2pAPMUqYnv4lOavrVUTfjIkkNCrYgZjTWMTXhEqnHcbBIouYi3+XHdIg0T8kYVLY/m1oOHYMjO4/h59fy30Xz3HGJ496SSv1yHkgRjuAYTsGFK6jDDTTAAwYhPMIzvFjSerJerbdva8Ga9xzCAqz3L/QokJw=</latexit>

~ purity of subsystem

nonlinear functional of density matrix

but expectation values are always linear: 〈Â〉= Tr[Âρ]
<latexit sha1_base64="CPDZEViaCcz+tyvMNm8GqAkkRWU=">AAACHnicfVA9SwNBEJ2L3+fXqZXYLIpgIcedAU0KQbGxjJCokA1hb53kltwXu3tiOPJD7PwnWokWYmOhf8VGTxPBEPRVM++9mWGelwRCacd5Mwpj4xOTU9Mz5uzc/MKitbR8quJUcqzxOIjluccUBiLCmhY6wPNEIgu9AM+8ztGXfnaJUok4qupugo2QtSPREpzpnGpaRRqwqB0goT7T5JBQ2W/3CdV4pWWYVWWP1AcylX5MGk1rw7Gdcskplslo4drONzYOVj/e7wCg0rRe6EXM0xAjzQOmVB3zG0L5266T6EYmMYml7pmb/7oUl7nxy2fSVGHCeIe1MUu56v0m6qlula4amYiSVGPEh8SMhSpk2h8hVTf0hklUIspv0ZB1kOWxao3SpN9biW/n2Zh5DD+/kr+L0x3bdWz3JM9jF/qYhjVYhy1wYQ8O4BgqUAMO13ALD/Bo3Bj3xpPx3LcWjMHMCgzBeP0Eze6l4A==</latexit><latexit sha1_base64="K1F+YT7cnjy3QONQJuvs82vH6uE=">AAACHnicfVDLSsNAFJ34Nr6qrsTNoAguJCQWtC4ExY3LCn0InVIm47UZOpmEmYlUQj/EheCfiBsfCxHEhf6KG01bBYvoWd17zrn3co8fC66N675ZQ8Mjo2PjE5P21PTM7FxufqGio0QxKLNIROrYpxoEl1A23Ag4jhXQ0BdQ9VsHXb16BkrzSJbMeQz1kDYlP+WMmoxq5PJEUNkUgElADd7HRPXbXUwMtI0K05Lq4NqXTFQQ4Xojt+o67k7Bze/g34XnuD2s7i19vN88X94VG7kXchKxJARpmKBa1yC7wXWw4bmxqacK4kiZjr32r0szlRm7PpskGmLKWrQJacJ05ydRS8xpoV1PuYwTA5INiCkNdUhN8IvU56E/SILmMrtFQtoCmsVqDCib9LbiwMmysbMYvn/FfxeVTcdzHe8oy2ML9TGBltEKWkce2kZ76BAVURkxdIGu0T16sK6sW+vReupbh6yvmUU0AOv1E8gQqBc=</latexit><latexit sha1_base64="K1F+YT7cnjy3QONQJuvs82vH6uE=">AAACHnicfVDLSsNAFJ34Nr6qrsTNoAguJCQWtC4ExY3LCn0InVIm47UZOpmEmYlUQj/EheCfiBsfCxHEhf6KG01bBYvoWd17zrn3co8fC66N675ZQ8Mjo2PjE5P21PTM7FxufqGio0QxKLNIROrYpxoEl1A23Ag4jhXQ0BdQ9VsHXb16BkrzSJbMeQz1kDYlP+WMmoxq5PJEUNkUgElADd7HRPXbXUwMtI0K05Lq4NqXTFQQ4Xojt+o67k7Bze/g34XnuD2s7i19vN88X94VG7kXchKxJARpmKBa1yC7wXWw4bmxqacK4kiZjr32r0szlRm7PpskGmLKWrQJacJ05ydRS8xpoV1PuYwTA5INiCkNdUhN8IvU56E/SILmMrtFQtoCmsVqDCib9LbiwMmysbMYvn/FfxeVTcdzHe8oy2ML9TGBltEKWkce2kZ76BAVURkxdIGu0T16sK6sW+vReupbh6yvmUU0AOv1E8gQqBc=</latexit><latexit sha1_base64="K1F+YT7cnjy3QONQJuvs82vH6uE=">AAACHnicfVDLSsNAFJ34Nr6qrsTNoAguJCQWtC4ExY3LCn0InVIm47UZOpmEmYlUQj/EheCfiBsfCxHEhf6KG01bBYvoWd17zrn3co8fC66N675ZQ8Mjo2PjE5P21PTM7FxufqGio0QxKLNIROrYpxoEl1A23Ag4jhXQ0BdQ9VsHXb16BkrzSJbMeQz1kDYlP+WMmoxq5PJEUNkUgElADd7HRPXbXUwMtI0K05Lq4NqXTFQQ4Xojt+o67k7Bze/g34XnuD2s7i19vN88X94VG7kXchKxJARpmKBa1yC7wXWw4bmxqacK4kiZjr32r0szlRm7PpskGmLKWrQJacJ05ydRS8xpoV1PuYwTA5INiCkNdUhN8IvU56E/SILmMrtFQtoCmsVqDCib9LbiwMmysbMYvn/FfxeVTcdzHe8oy2ML9TGBltEKWkce2kZ76BAVURkxdIGu0T16sK6sW+vReupbh6yvmUU0AOv1E8gQqBc=</latexit><latexit sha1_base64="g/4uEqetlIgAGkMSlz8TPOCe0Eo=">AAACHnicfVDJSgNBEO1xjeM26tFLYxA8yNBjQJODEPHiMUI2SIfQ01YyTWaju0cShnyIN//Em+hBvHjQv3GyCIag71T13qsq6rmxL5Qm5MtYWl5ZXVvPbZibW9s7u9befl1FieRQ45EfyabLFPgihJoW2odmLIEFrg8Nt3891hv3IJWIwqoextAOWC8UXcGZzqiOVaA+C3s+YOoxja8wldP2ElMNAy2DtCpHuDWTqfQi3O5YeWKTUpEUSnixcGwyQR7NUOlYH/Qu4kkAoeY+U6oF2Q2hvFOHxLqdSogjqUfm8b8uxWVmHPtMmiiIGe+zHqQJV6PfRCvR3eKgnYowTjSEfE5MWaACpr0FUg0Dd54EJcLsFg1YH1gWq9YgTTrZij07y8bMYvj5Ff9d1M9sh9jOLcmXz2eB5NAhOkInyEEXqIxuUAXVEEcP6Am9oFfj0Xg23oz3qXXJmM0coDkYn9+jG6LO</latexit>

:-( 

task: measure 2nd order Renyi entanglement entropy
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Protocol 0: Quantum State Tomography

A B

TrA ρ2
A

<latexit sha1_base64="MyNoIC2RLX3pXUjYhxptpKmkssU=">AAAB7HicZZDLSsNAFIbP1FuNt6gLF26CRRCUkBRBlxU3Liv0BqaGyXjSDp1cyEykJeQhBHfi1oUv4FZXPoNvY3pZWPuvfr5z4z9eLLhUlvVDSkvLK6tr5XVtY3Nre0ff3WvJKE0YNlkkoqTjUYmCh9hUXAnsxAnSwBPY9gbX43r7ERPJo7ChRjF2A9oLuc8ZVQVy9VNnsiPzBGWD3FE4VNLPGknuZle5c+Yk/Wjs7rNqrrl6xTKtiYxFY89MpXbwTQwAqLv6u/MQsTTAUDFBpcxoojgTmGvHPh8aaSBoqqTmpBLj4jztYZYymf8Fd6nyL4fdjIdxqjBkc8WMBjKgqr8A5Sjw5iFKHqoCBXSAtPiSUphozmSr0TeL2EU4+3+URdOqmrZl2rdFynOYqgyHcAQnYMMF1OAG6tAEBk/wAZ/wRULyTF7I67S1RGYz+zAn8vYLDvKR8Q==</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="Ip1KGRnLuGgLQCbXCfSLwLNuQ1g=">AAAB7HicZZDLSsNAFIYnXmu8RV26KRZBUEJSBF1W3Lis0BuYGibjSTt0ZhLmIi0hDyG4E7cufAG3+hi+jWnNwtp/9fOdG/+JUkaV9rxva2l5ZXVtvbJhb25t7+w6e/sdlRhJoE0SlshehBUwKqCtqWbQSyVgHjHoRqPrab37CFLRRLT0JIU+xwNBY0qwLlDonAazHVnEMBnlgYaxVnHWknmYXeXBWSCHydTdZ/XcDp2a53ozVReNX5oaKtUMnffgISGGg9CEYaUyLDUlDHL7OKbjquEMG63swChIi/N4AJkhKv8L7oyOL8f9jIrUaBBkrphhrjjWwwWoJjyah6Co0AXieAS4+JLWIO1gtrU6dIvYRTj/f5RF06m7vuf6t16tcV7GrKBDdIROkI8uUAPdoCZqI4Ke0Af6RF+WsJ6tF+v1t3XJKmcO0Jystx+RMJCy</latexit>

Renyi entropy n=2 
~ purity of subsystem

✓expensive*   (scales exponentially)∼ rank(ρA) 2NAmeasurement 
data

ρA

* except very small (sub)systems, 
or we know something about quantum state
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Protocol 1: Copies of the quantum system [quantum protocol]

theory: AJ Daley, H Pichler, J Schachenmayer, PZ, PRL (2012); C Moura Alves & D Jaksch, PRL (2004); A. K. Ekert et al.PRL (2002).  

copy 1

copy 2

A B

Ω≠Ω

TrA ρ2
A

<latexit sha1_base64="MyNoIC2RLX3pXUjYhxptpKmkssU=">AAAB7HicZZDLSsNAFIbP1FuNt6gLF26CRRCUkBRBlxU3Liv0BqaGyXjSDp1cyEykJeQhBHfi1oUv4FZXPoNvY3pZWPuvfr5z4z9eLLhUlvVDSkvLK6tr5XVtY3Nre0ff3WvJKE0YNlkkoqTjUYmCh9hUXAnsxAnSwBPY9gbX43r7ERPJo7ChRjF2A9oLuc8ZVQVy9VNnsiPzBGWD3FE4VNLPGknuZle5c+Yk/Wjs7rNqrrl6xTKtiYxFY89MpXbwTQwAqLv6u/MQsTTAUDFBpcxoojgTmGvHPh8aaSBoqqTmpBLj4jztYZYymf8Fd6nyL4fdjIdxqjBkc8WMBjKgqr8A5Sjw5iFKHqoCBXSAtPiSUphozmSr0TeL2EU4+3+URdOqmrZl2rdFynOYqgyHcAQnYMMF1OAG6tAEBk/wAZ/wRULyTF7I67S1RGYz+zAn8vYLDvKR8Q==</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="Ip1KGRnLuGgLQCbXCfSLwLNuQ1g=">AAAB7HicZZDLSsNAFIYnXmu8RV26KRZBUEJSBF1W3Lis0BuYGibjSTt0ZhLmIi0hDyG4E7cufAG3+hi+jWnNwtp/9fOdG/+JUkaV9rxva2l5ZXVtvbJhb25t7+w6e/sdlRhJoE0SlshehBUwKqCtqWbQSyVgHjHoRqPrab37CFLRRLT0JIU+xwNBY0qwLlDonAazHVnEMBnlgYaxVnHWknmYXeXBWSCHydTdZ/XcDp2a53ozVReNX5oaKtUMnffgISGGg9CEYaUyLDUlDHL7OKbjquEMG63swChIi/N4AJkhKv8L7oyOL8f9jIrUaBBkrphhrjjWwwWoJjyah6Co0AXieAS4+JLWIO1gtrU6dIvYRTj/f5RF06m7vuf6t16tcV7GrKBDdIROkI8uUAPdoCZqI4Ke0Af6RF+WsJ6tF+v1t3XJKmcO0Jystx+RMJCy</latexit>

S |i 〉1 ⊗ |k〉2 = |k〉1 ⊗ |i 〉2
<latexit sha1_base64="76LS8yCLcp7kIhdbi2/1w2xo3do=">AAACKXicfZBLT8JAFIVv8YX1Bbp0QyQmLEjTQqKw0JC4cYlRHgklzXS8wKTPdKYG0vTfuPNPuHZnZKFu/SMWUGND9K5OvnNmbu4xfZtxoapvUmZldW19I7spb23v7O7l8vtt7oUBxRb1bC/omoSjzVxsCSZs7PoBEse0sWNaFzO/c4cBZ557IyY+9h0ydNmAUSISZOTOr/WybqGIWGxEWqx7gjnI58RKSCU++9Fpl81dI1dUFbVeU6v1wrLQFHU+xUa+WnoEgKaRm+q3Hg0ddAW1Cec9dIfJmaOypvqiHwXoe4GI5eN/U5wGSXCWk/WQo0+oRYYYhZTHv0EvFIPauB8x1w8FujRlRsThDhGjJcgnjpmGyJmb7NIdYiFJGhYCA1mf/1oYKQLHclLD962Fv0W7omiqol0lfZzAYrJwCEdQAg1OoQGX0IQWULiHJ3iBqfQgPUuv0vsimpG+3hxAaqSPT3zNq/Q=</latexit><latexit sha1_base64="WO+taJSNTko+dtgsqsWQAaTi1QY=">AAACKXicfZBLT8JAFIWn+ML6Krp0QyQmLEjTQqKw0JC4cYlRHgklZDpeYNJ22nSmBtL037hz796tOyMLdOsfsRQ1NkTv6uQ7Z+bmHtOzKRea9iZlVlbX1jeym/LW9s7unpLbb3E38Ak0iWu7fsfEHGzKoCmosKHj+YAd04a2aV3M/fYd+Jy67EZMPOg5eMjogBIsYtRXzq+NkmGBCGnUD/XIcAV1gCfEikk5OvvRaZcmbl8paKpWq2qVWn5Z6KqWTKGeqxQfZ+yp0Vemxq1LAgeYIDbmvAtsGJ85KumaJ3qhD57ri0g+/jfFiR8H5znZCDh4mFh4CGFAePQbdAMxqI57IWVeIICRlBlihztYjJYgnzhmGgKnLN5lONgCHDcsBPiykfyaH6kCxnJcw/et+b9Fq6zqmqpfxX2coMVk0SE6QkWko1NUR5eogZqIoHv0jF7RVHqQXqSZ9L6IZqSvNwcoNdLHJyj1rfE=</latexit><latexit sha1_base64="WO+taJSNTko+dtgsqsWQAaTi1QY=">AAACKXicfZBLT8JAFIWn+ML6Krp0QyQmLEjTQqKw0JC4cYlRHgklZDpeYNJ22nSmBtL037hz796tOyMLdOsfsRQ1NkTv6uQ7Z+bmHtOzKRea9iZlVlbX1jeym/LW9s7unpLbb3E38Ak0iWu7fsfEHGzKoCmosKHj+YAd04a2aV3M/fYd+Jy67EZMPOg5eMjogBIsYtRXzq+NkmGBCGnUD/XIcAV1gCfEikk5OvvRaZcmbl8paKpWq2qVWn5Z6KqWTKGeqxQfZ+yp0Vemxq1LAgeYIDbmvAtsGJ85KumaJ3qhD57ri0g+/jfFiR8H5znZCDh4mFh4CGFAePQbdAMxqI57IWVeIICRlBlihztYjJYgnzhmGgKnLN5lONgCHDcsBPiykfyaH6kCxnJcw/et+b9Fq6zqmqpfxX2coMVk0SE6QkWko1NUR5eogZqIoHv0jF7RVHqQXqSZ9L6IZqSvNwcoNdLHJyj1rfE=</latexit><latexit sha1_base64="WO+taJSNTko+dtgsqsWQAaTi1QY=">AAACKXicfZBLT8JAFIWn+ML6Krp0QyQmLEjTQqKw0JC4cYlRHgklZDpeYNJ22nSmBtL037hz796tOyMLdOsfsRQ1NkTv6uQ7Z+bmHtOzKRea9iZlVlbX1jeym/LW9s7unpLbb3E38Ak0iWu7fsfEHGzKoCmosKHj+YAd04a2aV3M/fYd+Jy67EZMPOg5eMjogBIsYtRXzq+NkmGBCGnUD/XIcAV1gCfEikk5OvvRaZcmbl8paKpWq2qVWn5Z6KqWTKGeqxQfZ+yp0Vemxq1LAgeYIDbmvAtsGJ85KumaJ3qhD57ri0g+/jfFiR8H5znZCDh4mFh4CGFAePQbdAMxqI57IWVeIICRlBlihztYjJYgnzhmGgKnLN5lONgCHDcsBPiykfyaH6kCxnJcw/et+b9Fq6zqmqpfxX2coMVk0SE6QkWko1NUR5eogZqIoHv0jF7RVHqQXqSZ9L6IZqSvNwcoNdLHJyj1rfE=</latexit><latexit sha1_base64="znBcnMRGB8w0a7K0fFx+3qWvmJE=">AAACKXicfZBLS8NAFIUn9VXjK+rSTbEILkqYVNB2oRTcuKxoH9CUMBlv2yHJJGQm0hLyb9z5T9yJXahb/4hprGIoeleH75yZyz124DIhMX5TCkvLK6trxXV1Y3Nre0fb3WsLPwoptKjv+mHXJgJcxqElmXShG4RAPNuFju1czvzOPYSC+fxWTgLoe2TI2YBRIlNkaRc3ZsV0QMYssWIjMX3JPBAZcVJSTc5/dN5lmWtpZazjeg2f1EuLwtBxNmU0n6alTc07n0YecEldIkQP+DA9c1QxcCD7cQiBH8pEPfo3JWiYBmc51YwEBIQ6ZAhxREXyG/QiOaiN+zHjQSSB05wZE094RI4WoJh4dh6CYDzdZXrEAZI2LCWEqpn9WhrpEsZqWsP3raW/RbuqG1g3rnG5cTovpIgO0CE6RgY6Qw10hZqohSh6QE/oBU2VR+VZeVXev6IFZf5mH+VG+fgEjvaqiA==</latexit>

swap 
operator

=TrA S
(
ρA ⊗ρA

)
≡ 〈S〉

<latexit sha1_base64="LPL49jwOImfyWxFQ0LDcLoiZ1eo=">AAACEHicZZDNSiNBFIVv66ix/cvoRnATFEFBQrcIuhlQ3Lgzg0YFS0J1eTspUtXdVt0KkSYv4WO4F9wNs/UNxO34HratDMac1bnf/YFzo0xJS0Hw7I2N/5iYnKpM+zOzc/ML1Z+LZzZ1RmBTpCo1FxG3qGSCTZKk8CIzyHWk8DzqHr73z3torEyTU7rN8ErzdiJjKTgVqFU9/sUI+2Tj/NQMWvnBgG2dMIUxbTDTSUuQktRo/5dGtju0yfDGyR5TPGkrrJ0wUxrfb1XXgnpQqjZqwk+ztr8MpRqt6j27ToXTmJBQ3NqcG5JC4cBfj2W/5rTijqzPnMWMiy5vY+6EHXwFl47ivf5VLpPMESZiqJlzbTWnzgi0tzoahmhlQgXSvIu8+CQRGp+VV2udevGmIlz4PcqoOduuh0E9/F2k3PlICRVYgVXYgBB2YR+OoAFNEPAAL/APXr0779H74/39GB3zPneWYEje0xt/gJ+t</latexit><latexit sha1_base64="LPL49jwOImfyWxFQ0LDcLoiZ1eo=">AAACEHicZZDNSiNBFIVv66ix/cvoRnATFEFBQrcIuhlQ3Lgzg0YFS0J1eTspUtXdVt0KkSYv4WO4F9wNs/UNxO34HratDMac1bnf/YFzo0xJS0Hw7I2N/5iYnKpM+zOzc/ML1Z+LZzZ1RmBTpCo1FxG3qGSCTZKk8CIzyHWk8DzqHr73z3torEyTU7rN8ErzdiJjKTgVqFU9/sUI+2Tj/NQMWvnBgG2dMIUxbTDTSUuQktRo/5dGtju0yfDGyR5TPGkrrJ0wUxrfb1XXgnpQqjZqwk+ztr8MpRqt6j27ToXTmJBQ3NqcG5JC4cBfj2W/5rTijqzPnMWMiy5vY+6EHXwFl47ivf5VLpPMESZiqJlzbTWnzgi0tzoahmhlQgXSvIu8+CQRGp+VV2udevGmIlz4PcqoOduuh0E9/F2k3PlICRVYgVXYgBB2YR+OoAFNEPAAL/APXr0779H74/39GB3zPneWYEje0xt/gJ+t</latexit><latexit sha1_base64="LPL49jwOImfyWxFQ0LDcLoiZ1eo=">AAACEHicZZDNSiNBFIVv66ix/cvoRnATFEFBQrcIuhlQ3Lgzg0YFS0J1eTspUtXdVt0KkSYv4WO4F9wNs/UNxO34HratDMac1bnf/YFzo0xJS0Hw7I2N/5iYnKpM+zOzc/ML1Z+LZzZ1RmBTpCo1FxG3qGSCTZKk8CIzyHWk8DzqHr73z3torEyTU7rN8ErzdiJjKTgVqFU9/sUI+2Tj/NQMWvnBgG2dMIUxbTDTSUuQktRo/5dGtju0yfDGyR5TPGkrrJ0wUxrfb1XXgnpQqjZqwk+ztr8MpRqt6j27ToXTmJBQ3NqcG5JC4cBfj2W/5rTijqzPnMWMiy5vY+6EHXwFl47ivf5VLpPMESZiqJlzbTWnzgi0tzoahmhlQgXSvIu8+CQRGp+VV2udevGmIlz4PcqoOduuh0E9/F2k3PlICRVYgVXYgBB2YR+OoAFNEPAAL/APXr0779H74/39GB3zPneWYEje0xt/gJ+t</latexit><latexit sha1_base64="LPL49jwOImfyWxFQ0LDcLoiZ1eo=">AAACEHicZZDNSiNBFIVv66ix/cvoRnATFEFBQrcIuhlQ3Lgzg0YFS0J1eTspUtXdVt0KkSYv4WO4F9wNs/UNxO34HratDMac1bnf/YFzo0xJS0Hw7I2N/5iYnKpM+zOzc/ML1Z+LZzZ1RmBTpCo1FxG3qGSCTZKk8CIzyHWk8DzqHr73z3torEyTU7rN8ErzdiJjKTgVqFU9/sUI+2Tj/NQMWvnBgG2dMIUxbTDTSUuQktRo/5dGtju0yfDGyR5TPGkrrJ0wUxrfb1XXgnpQqjZqwk+ztr8MpRqt6j27ToXTmJBQ3NqcG5JC4cBfj2W/5rTijqzPnMWMiy5vY+6EHXwFl47ivf5VLpPMESZiqJlzbTWnzgi0tzoahmhlQgXSvIu8+CQRGp+VV2udevGmIlz4PcqoOduuh0E9/F2k3PlICRVYgVXYgBB2YR+OoAFNEPAAL/APXr0779H74/39GB3zPneWYEje0xt/gJ+t</latexit><latexit sha1_base64="v6yAIRBzBmljTewCwJ1U+yks9Iw=">AAACEHicZZDLSsNAFIYnXmu8VV26CRZBQUoigm4ExY07K7UqOFIm40k7dCaJM2ekJfQlfAz3gjtx6xuIW30PYw1i7b/6z3cu8J8wlcKg7785Y+MTk1PTpRl3dm5+YbG8tHxuEqs5NHgiE30ZMgNSxNBAgRIuUw1MhRIuws7Rd//iDrQRSXyGvRSuFWvFIhKcYY6a5ZN9itBFE2Vnut/MDvt0q04lRLhBdTsZgASFAvNbatFq4yaFWyvuqGRxS4JXp3pgXLdZrvhVfyBv1ASFqZBCtWb5gd4k3CqIkUtmTMY0Ci6h765HoutZJZlF41JrIGW8w1qQWW76f8GVxWive52JOLUIMR9qZkwZxbA9Ak1PhcMQjIgxR4p1gOWfRATt0sFVr13N35SHC/5HGTXn29XArwanfuVgp4hZIqtkjWyQgOySA3JMaqRBOHkk7+SDfDr3zpPz7Lz8jI45xc4KGZLz+gUVuJ9V</latexit>

provided we can implement, and measure S

Example n=2:

tr{V (2)⇢1 ⌦ ⇢2} = tr

8
<

:V (2)
X

ijkl

⇢(1)ij ⇢(2)kl |ii hj|⌦ |ki h`|

9
=

;

= tr{⇢1⇢2}

V (2)

|ii1

|ki2
swap operator

V (2) |ii1 ⌦ |ki2 = |ki1 ⌦ |ii2Ω1 ≠Ω1

expectation value
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Protocol 1: Copies of the quantum system [quantum protocol]

copy 1

copy 2

A B

Ω≠Ω

experiment: R Islam et al., Nature (2015); AM Kaufmann et al., Science (2016) [Greiner Group]

Quench
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Controlled few-atom systems &  quantum gas microscope

experiment: R Islam et al., Nature (2015); AM Kaufmann et al., Science (2016) [Greiner Group]

see Appendix with 
details of protocol
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Protocol 2: Single copy of quantum system

A B
single system

virtual copy*

(replica trick)

Ω≠Ω

from Statistical Correlations 
in Random Measurements

signal is in the noise

TrA ρ2
A

<latexit sha1_base64="MyNoIC2RLX3pXUjYhxptpKmkssU=">AAAB7HicZZDLSsNAFIbP1FuNt6gLF26CRRCUkBRBlxU3Liv0BqaGyXjSDp1cyEykJeQhBHfi1oUv4FZXPoNvY3pZWPuvfr5z4z9eLLhUlvVDSkvLK6tr5XVtY3Nre0ff3WvJKE0YNlkkoqTjUYmCh9hUXAnsxAnSwBPY9gbX43r7ERPJo7ChRjF2A9oLuc8ZVQVy9VNnsiPzBGWD3FE4VNLPGknuZle5c+Yk/Wjs7rNqrrl6xTKtiYxFY89MpXbwTQwAqLv6u/MQsTTAUDFBpcxoojgTmGvHPh8aaSBoqqTmpBLj4jztYZYymf8Fd6nyL4fdjIdxqjBkc8WMBjKgqr8A5Sjw5iFKHqoCBXSAtPiSUphozmSr0TeL2EU4+3+URdOqmrZl2rdFynOYqgyHcAQnYMMF1OAG6tAEBk/wAZ/wRULyTF7I67S1RGYz+zAn8vYLDvKR8Q==</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="IRby+u2/fW+ex6+tbLEDpRn39s4=">AAAB7HicZZDLSsNAFIZn6q3GW9SFCzfFIghKSIpQlxU3Liv0BqaGyXjSDp1JQmYiLUMeQnAnLty48AXc6spn8D18AGPbhbX/6uc7N/7jx5xJZdtfuLCwuLS8Ulw11tY3NrfM7Z2WjNKEQpNGPEo6PpHAWQhNxRSHTpwAET6Htj+4+K237yCRLAobahRDV5BeyAJGicqRZx674x3a54QOMlfBUMlAN5LM0+eZe+Im/ejX3ehKZnhm2bbssUrzxpmacm3vE5vP1e+6Z766txFNBYSKciKlJolilENmHAZsWEoFJ6mShptKiPPzpAc6pTL7C65TFZwNu5qFcaogpDNFTYQURPXnoBwJfxaCZKHKkSADIPmXlILEcMdbS30rj52Hc/5HmTetiuXYlnOVpzxFExXRPjpAR8hBVVRDl6iOmoiie/SG3tEHDvEDfsRPk9YCns7sohnhlx8aZZOt</latexit><latexit sha1_base64="Ip1KGRnLuGgLQCbXCfSLwLNuQ1g=">AAAB7HicZZDLSsNAFIYnXmu8RV26KRZBUEJSBF1W3Lis0BuYGibjSTt0ZhLmIi0hDyG4E7cufAG3+hi+jWnNwtp/9fOdG/+JUkaV9rxva2l5ZXVtvbJhb25t7+w6e/sdlRhJoE0SlshehBUwKqCtqWbQSyVgHjHoRqPrab37CFLRRLT0JIU+xwNBY0qwLlDonAazHVnEMBnlgYaxVnHWknmYXeXBWSCHydTdZ/XcDp2a53ozVReNX5oaKtUMnffgISGGg9CEYaUyLDUlDHL7OKbjquEMG63swChIi/N4AJkhKv8L7oyOL8f9jIrUaBBkrphhrjjWwwWoJjyah6Co0AXieAS4+JLWIO1gtrU6dIvYRTj/f5RF06m7vuf6t16tcV7GrKBDdIROkI8uUAPdoCZqI4Ke0Af6RF+WsJ6tF+v1t3XJKmcO0Jystx+RMJCy</latexit>

…

A Elben B Vermersch

?

* in contrast to real copies, virtual copies are legal in quantum mechanics

how?
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Protocol for a chain of qubits:

S van Enk, C Beenakker (PRL 2012)

A

`

Measurement
of qubit states

( 0 , 1 , 0 ) = sA

`

UA
random unitary

by random gates

Random measurement ⇢A

UA⇢AU
†
APU (sA) = Tr

h
UA⇢AU

†
A |sAi hsA|

i

<latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit>

⇢A

Average over the Circular Unitary Ensemble (CUE)

PU (sA) =
1

NHA
<latexit sha1_base64="KkRSCWuaS4RapREOshPZoD2JDYg="></latexit><latexit sha1_base64="KkRSCWuaS4RapREOshPZoD2JDYg="></latexit><latexit sha1_base64="KkRSCWuaS4RapREOshPZoD2JDYg="></latexit><latexit sha1_base64="KkRSCWuaS4RapREOshPZoD2JDYg="></latexit>

PU (sA)2 =
1 + Tr

⇥
⇢2A

⇤

NHA(NHA + 1)
<latexit sha1_base64="Y7vyBNkQVyvyX+Ibnj0cKORNiDU="></latexit><latexit sha1_base64="Y7vyBNkQVyvyX+Ibnj0cKORNiDU="></latexit><latexit sha1_base64="Y7vyBNkQVyvyX+Ibnj0cKORNiDU="></latexit><latexit sha1_base64="Y7vyBNkQVyvyX+Ibnj0cKORNiDU="></latexit>

Hilbertspace 
dimension of A

PU (sA)2 = Tr1�2

h
. . . UA⇢AU

†

A⌦UA⇢AU
†

A

i
=

Tr1�2 [(1 + S)⇢A⌦⇢A]

NHA(NHA + 1)
<latexit sha1_base64="5vutAk/x5cGjO69dp3TMY3hy6Kg="></latexit><latexit sha1_base64="5vutAk/x5cGjO69dp3TMY3hy6Kg="></latexit><latexit sha1_base64="5vutAk/x5cGjO69dp3TMY3hy6Kg="></latexit><latexit sha1_base64="5vutAk/x5cGjO69dp3TMY3hy6Kg="></latexit>

Virtual copies:

copy 1

copy 2

CUE (2-design): UikU⇤

ilUimU⇤

in =
�kl�mn + �kn�ml

NHA(NHA + 1)
<latexit sha1_base64="d3OJNstqHkj8R6xYcDr1Dk1SL88="></latexit><latexit sha1_base64="d3OJNstqHkj8R6xYcDr1Dk1SL88="></latexit><latexit sha1_base64="d3OJNstqHkj8R6xYcDr1Dk1SL88="></latexit><latexit sha1_base64="d3OJNstqHkj8R6xYcDr1Dk1SL88="></latexit>

~ Gaussian
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time

etc. 

Measurement post-processing

U = ⨂
i∈A

ui ui ∈ 𝖢𝖴𝖤(d)

u1
u2
u3

(

0
,

1
,

0)
=

s
A

<latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit>

A

= s

e−iHt

quench dynamics

time

T Brydges, A Elben et al., Science (2019)
A  Elben, B Vermersch, et al., PRA (2019)

<latexit sha1_base64="JxM1xQ0PSlGLZkk53TPhnC5Q9q0="></latexit>

P̂2 = 2|A| X

sA ,s0A

(°2)°D[sA ,s0A]PUA (sA)PUA (s0A)

<latexit sha1_base64="2vsj8oCybg4rUNpu34dTbFRnoQ4="></latexit>

PU (s) =Tr
£
UΩAU †|sihs|

§

bit string

evenly distributed 
on Bloch sphere

purity - Renyi entropy

Random single spin rotations are sufficient!

with
<latexit sha1_base64="LAnNwPuKpDvisUSQkCy81WrXT44="></latexit>

P̂2 = 2|A|X

s,s0
(°2)°D[s,s0]PU (s)PU (s 0)

Hamming distance cross-correlation

<latexit sha1_base64="RH/GT0qXANYqyoRT0eP35PPLIAk="></latexit>

Trρ2
A = EU∼CUE[P̂2]
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time

etc. 

Measurement post-processing

U = ⨂
i∈A

ui ui ∈ 𝖢𝖴𝖤(d)

u1
u2
u3

(

0
,

1
,

0)
=

s
A

<latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit>

A

= s(m,k)

e−iHt

quench dynamics

time

purity - Renyi entropy

T Brydges, A Elben et al., Science (2019)
Proof →   A  Elben, B Vermersch, et al., PRA (2019)

Features: • local operations & measurements

• scaling with #unitaries and #measurements?

<latexit sha1_base64="2vsj8oCybg4rUNpu34dTbFRnoQ4="></latexit>

PU (s) =Tr
£
UΩAU †|sihs|

§

evenly distributed 
on Bloch sphere

NU × NM

m = 1,…, NM ≡ M
random unitaries

measurements

k, k′￼= 1,…, NU ≡ K

# exp runs
with

purity - Renyi entropy
<latexit sha1_base64="RH/GT0qXANYqyoRT0eP35PPLIAk="></latexit>

Trρ2
A = EU∼CUE[P̂2]

<latexit sha1_base64="8CyRufTqO7BOIiU1J9QgBODlCDc="></latexit>

P̂2 = 1
MK (K°1)

MX

m=1

KX

k 6=k 0=1
(°2)°D[s(m,k),s(m,k0)]
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`

Randomized

measurements

Quench 
DynamicsPreparation

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

u1
<latexit sha1_base64="tZdItQ0PVkZsbwu8y/xHWII8OnA="></latexit><latexit sha1_base64="9b1BgZxpvhh/lRPZQctZbcZQ8AI="></latexit><latexit sha1_base64="9b1BgZxpvhh/lRPZQctZbcZQ8AI="></latexit><latexit sha1_base64="K6n/JhMrsgX+1tKzgN+GE1fEqdE=">AAACMHicbVC7TgMxEPSFd3hDQUFjESFRRWcKoESioQRBSKTcKdpzNokV23eyfaDoyCfQwn/wNVAhWr4C50jBayRLo5lZeXeSTArrwvA1qMzMzs0vLC5Vl1dW19Y3NrdubJobjg2eytS0ErAohcaGE05iKzMIKpHYTIZnE795i8aKVF+7UYaxgr4WPcHBeekq77DORi2shyXoX8KmpEamuOhsBjtRN+W5Qu24BGvbLMxcXIBxgkscV6PcYgZ8CH1se6pBoY2Lctcx3fdKl/ZS4592tFS/TxSgrB2pxCcVuIH97U3E/7x27noncSF0ljvU/OujXi6pS+nkcNoVBrmTI0+AG+F3pXwABrjz9VQjjXc8VQp0t4iG6MZtFhf3tMZoZED3y7O+RxIDZSSSpeuD9+Oqr5L9Lu4vuTmss7DOLsPa6dG01EWyS/bIAWHkmJySc3JBGoSTPnkgj+QpeA5egrfg/StaCaYz2+QHgo9P/9un1w==</latexit>

u2
<latexit sha1_base64="ox9WB9JkGcBSze2xQ3TJ0UgPDhU="></latexit><latexit sha1_base64="iQ/TMLwdG5WnxXE0JRvGIRXq1mE="></latexit><latexit sha1_base64="iQ/TMLwdG5WnxXE0JRvGIRXq1mE="></latexit><latexit sha1_base64="kZ1//DKdprDYYz/icmTFMR+Ik/Q=">AAACMHicbVC7TgMxEPSFVwivAAUFjUWERBXdpQDKSDSUQZCAlDtFe84mWLF9J9sHio58Ai38B18DFaLlK3AuKXiNZGk0MyvvTpwKbqzvv3mlhcWl5ZXyamVtfWNzq7q90zFJphm2WSISfRODQcEVti23Am9SjSBjgdfx6GzqX9+hNjxRV3acYiRhqPiAM7BOusx6jV615tf9AvQvCeakRuZo9ba9vbCfsEyiskyAMd3AT22Ug7acCZxUwsxgCmwEQ+w6qkCiifJi1wk9dEqfDhLtnrK0UL9P5CCNGcvYJSXYW/Pbm4r/ed3MDk6jnKs0s6jY7KNBJqhN6PRw2ucamRVjR4Bp7nal7BY0MOvqqYQK71kiJah+Ho7QTrpBlD/QWkBDDWpYnPU9EmsoIqEoXBd8mFRclcHv4v6STqMe+PXgwq81j+ellsk+OSBHJCAnpEnOSYu0CSND8kieyLP34r16797HLFry5jO75Ae8zy8BtKfY</latexit>

u3
<latexit sha1_base64="NSNuEWoth/Fp/FhWO1Zad0rFX4U="></latexit><latexit sha1_base64="FhyFvVvjMH97lkajfFyTgxjztrI="></latexit><latexit sha1_base64="FhyFvVvjMH97lkajfFyTgxjztrI="></latexit><latexit sha1_base64="6HQsCSuyq2Z5BXi84rOT/JGGWCc=">AAACMHicbVDLSgMxFM34rPXV6sKFm2ARXJUZBXUpuHGpaLXQGcqd9LYNTTJDklHK2E9wq//h1+hK3PoVpmMX2nogcDjnXHLviVPBjfX9d29ufmFxabm0Ul5dW9/YrFS3bk2SaYYNlohEN2MwKLjChuVWYDPVCDIWeBcPzsf+3T1qwxN1Y4cpRhJ6inc5A+uk66x91K7U/LpfgM6SYEJqZILLdtXbCTsJyyQqywQY0wr81EY5aMuZwFE5zAymwAbQw5ajCiSaKC92HdF9p3RoN9HuKUsL9fdEDtKYoYxdUoLtm2lvLP7ntTLbPY1yrtLMomI/H3UzQW1Cx4fTDtfIrBg6AkxztytlfdDArKunHCp8YImUoDp5OEA7agVR/khrAQ01qF5x1u9IrKGIhKJwXfBxVHZVBtPFzZLbw3rg14Mrv3Z2PCm1RHbJHjkgATkhZ+SCXJIGYaRHnsgzefFevTfvw/v8ic55k5lt8gfe1zcDfqfZ</latexit>

u4
<latexit sha1_base64="Invgj+9k46Lv+lKF6dVEsysonzU="></latexit><latexit sha1_base64="IMHj9k7jvD/xZmEkFkcbhOne/go="></latexit><latexit sha1_base64="IMHj9k7jvD/xZmEkFkcbhOne/go="></latexit><latexit sha1_base64="UU04pzV95IZaV9SJ5iYsBTeYObk=">AAACMHicbVDLSgMxFM34rPXV6sKFm2ARXJUZEXUpuHGpaLXQGcqd9LYNTTJDklHK2E9wq//h1+hK3PoVpmMX2nogcDjnXHLviVPBjfX9d29ufmFxabm0Ul5dW9/YrFS3bk2SaYYNlohEN2MwKLjChuVWYDPVCDIWeBcPzsf+3T1qwxN1Y4cpRhJ6inc5A+uk66x91K7U/LpfgM6SYEJqZILLdtXbCTsJyyQqywQY0wr81EY5aMuZwFE5zAymwAbQw5ajCiSaKC92HdF9p3RoN9HuKUsL9fdEDtKYoYxdUoLtm2lvLP7ntTLbPY1yrtLMomI/H3UzQW1Cx4fTDtfIrBg6AkxztytlfdDArKunHCp8YImUoDp5OEA7agVR/khrAQ01qF5x1u9IrKGIhKJwXfBxVHZVBtPFzZLbw3rg14Mrv3Z2PCm1RHbJHjkgATkhZ+SCXJIGYaRHnsgzefFevTfvw/v8ic55k5lt8gfe1zcFSKfa</latexit>

u5
<latexit sha1_base64="k4QcqvtcWQrGk1/70YmZrxaYOrE="></latexit><latexit sha1_base64="PCsJ2TERFK40DHT+Vlx8JyYt+ys="></latexit><latexit sha1_base64="PCsJ2TERFK40DHT+Vlx8JyYt+ys="></latexit><latexit sha1_base64="8NhRckGG18ffXBbrvKDsIMQIRr4=">AAACMHicbVDLSgMxFM34rPXV6sKFm2ARXJUZwcdScONS0WqhM5Q76W0bmmSGJKOUsZ/gVv/Dr9GVuPUrTMcutPVA4HDOueTeE6eCG+v7797c/MLi0nJppby6tr6xWalu3Zok0wwbLBGJbsZgUHCFDcutwGaqEWQs8C4enI/9u3vUhifqxg5TjCT0FO9yBtZJ11n7qF2p+XW/AJ0lwYTUyASX7aq3E3YSlklUlgkwphX4qY1y0JYzgaNymBlMgQ2ghy1HFUg0UV7sOqL7TunQbqLdU5YW6u+JHKQxQxm7pATbN9PeWPzPa2W2exrlXKWZRcV+PupmgtqEjg+nHa6RWTF0BJjmblfK+qCBWVdPOVT4wBIpQXXycIB21Aqi/JHWAhpqUL3irN+RWEMRCUXhuuDjqOyqDKaLmyW3h/XArwdXfu3seFJqieySPXJAAnJCzsgFuSQNwkiPPJFn8uK9em/eh/f5E53zJjPb5A+8r28HEqfb</latexit>

u6
<latexit sha1_base64="jhNmUejbcJ9QaYLC9PYx7MbODAI="></latexit><latexit sha1_base64="CzxDkE5PQzwwmt2xykf42Z2b5ac="></latexit><latexit sha1_base64="CzxDkE5PQzwwmt2xykf42Z2b5ac="></latexit><latexit sha1_base64="UZQRIA1frt1dcr4/LfBoTdGp4n8=">AAACMHicbVC7TgMxEPSFd3gGCgoaiwiJKrqjCJSRaCiDIAQpd4r2nE2wYvtOtg8UHfkEWvgPvgYqRMtX4FxShMdIlkYzs/LuxKngxvr+u1daWFxaXlldK69vbG5t71R2b0ySaYYtlohE38ZgUHCFLcutwNtUI8hYYDsenk/89j1qwxN1bUcpRhIGivc5A+ukq6xb7+5U/ZpfgP4lwYxUyQzNbsXbD3sJyyQqywQY0wn81EY5aMuZwHE5zAymwIYwwI6jCiSaKC92HdMjp/RoP9HuKUsLdX4iB2nMSMYuKcHemd/eRPzP62S2fxblXKWZRcWmH/UzQW1CJ4fTHtfIrBg5Akxztytld6CBWVdPOVT4wBIpQfXycIh23Ami/JFWAxpqUIPirPlIrKGIhKJwXfBxXHZVBr+L+0tuTmqBXwsu/WqjPit1lRyQQ3JMAnJKGuSCNEmLMDIgT+SZvHiv3pv34X1OoyVvNrNHfsD7+gYI3Kfc</latexit>

u7
<latexit sha1_base64="sRlDB4MKd3eDqQnasjd4SIaKCQM="></latexit><latexit sha1_base64="dQRHbiivvVs+1V7tuOEtQQcIVkg="></latexit><latexit sha1_base64="dQRHbiivvVs+1V7tuOEtQQcIVkg="></latexit><latexit sha1_base64="HPAjtbGylNt8RbPiaJD4zg0hB38=">AAACMHicbVC7TgMxEPSFd3gGCgoaiwiJKrqjIJSRaCiDIAQpd4r2nE2wYvtOtg8UHfkEWvgPvgYqRMtX4FxShMdIlkYzs/LuxKngxvr+u1daWFxaXlldK69vbG5t71R2b0ySaYYtlohE38ZgUHCFLcutwNtUI8hYYDsenk/89j1qwxN1bUcpRhIGivc5A+ukq6xb7+5U/ZpfgP4lwYxUyQzNbsXbD3sJyyQqywQY0wn81EY5aMuZwHE5zAymwIYwwI6jCiSaKC92HdMjp/RoP9HuKUsLdX4iB2nMSMYuKcHemd/eRPzP62S2fxblXKWZRcWmH/UzQW1CJ4fTHtfIrBg5Akxztytld6CBWVdPOVT4wBIpQfXycIh23Ami/JFWAxpqUIPirPlIrKGIhKJwXfBxXHZVBr+L+0tuTmqBXwsu/WrjdFbqKjkgh+SYBKROGuSCNEmLMDIgT+SZvHiv3pv34X1OoyVvNrNHfsD7+gYKpqfd</latexit>

A
<latexit sha1_base64="X2yfKFc3+PaYXoNNGjNyJyw98b4="></latexit><latexit sha1_base64="q8M0QeJlgcMpA2JwiIA/JFMLqIc="></latexit><latexit sha1_base64="q8M0QeJlgcMpA2JwiIA/JFMLqIc="></latexit><latexit sha1_base64="PDw7raL14bd1yTiZSx0ijj7VWxk=">AAACLnicbVDLSgMxFM3UV63P6sKFm2ARXJUZN3ZZceOyBVuFziB30tsammSGJKOUsV/gVv/DrxFciFs/w3TaRX0cCBzOOZfce+JUcGN9/90rLS2vrK6V1ysbm1vbO7vVva5JMs2wwxKR6JsYDAqusGO5FXiTagQZC7yORxdT//oeteGJurLjFCMJQ8UHnIF1Uvv8drfm1/0C9C8J5qRG5mjdVr2DsJ+wTKKyTIAxvcBPbZSDtpwJnFTCzGAKbARD7DmqQKKJ8mLTCT12Sp8OEu2esrRQFydykMaMZeySEuyd+e1Nxf+8XmYHjSjnKs0sKjb7aJAJahM6PZv2uUZmxdgRYJq7XSm7Aw3MunIqocIHlkgJqp+HI7STXhDlj7QW0FCDGhZnLUZiDUUkFIXrgo+Tiqsy+F3cX9I9rQd+PWj7tWZjXmqZHJIjckICckaa5JK0SIcwguSJPJMX79V78z68z1m05M1n9skPeF/fVh+nAQ==</latexit>
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<latexit sha1_base64="J9aIpIzNmlGC4PU0zk2oxFskjQo="></latexit><latexit sha1_base64="J9aIpIzNmlGC4PU0zk2oxFskjQo="></latexit><latexit sha1_base64="J9aIpIzNmlGC4PU0zk2oxFskjQo="></latexit><latexit sha1_base64="J9aIpIzNmlGC4PU0zk2oxFskjQo="></latexit>

local disorder potentialslong range interaction

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>u8

<latexit sha1_base64="RcUi4fNyVhHvqZu8+hblL2ohDto="></latexit><latexit sha1_base64="G6oMFTJ98SM9ZJBLLUct5s3o62Q="></latexit><latexit sha1_base64="G6oMFTJ98SM9ZJBLLUct5s3o62Q="></latexit><latexit sha1_base64="sErbRtsMlz6OVZ/X+dwZ9g1sCXA=">AAACMHicbVC7TgMxEPSFd3gGCgoaiwiJKrqjgJSRaCiDIAQpd4r2nE2wYvtOtg8UHfkEWvgPvgYqRMtX4FxShMdIlkYzs/LuxKngxvr+u1daWFxaXlldK69vbG5t71R2b0ySaYYtlohE38ZgUHCFLcutwNtUI8hYYDsenk/89j1qwxN1bUcpRhIGivc5A+ukq6xb7+5U/ZpfgP4lwYxUyQzNbsXbD3sJyyQqywQY0wn81EY5aMuZwHE5zAymwIYwwI6jCiSaKC92HdMjp/RoP9HuKUsLdX4iB2nMSMYuKcHemd/eRPzP62S2X49yrtLMomLTj/qZoDahk8Npj2tkVowcAaa525WyO9DArKunHCp8YImUoHp5OEQ77gRR/kirAQ01qEFx1nwk1lBEQlG4Lvg4Lrsqg9/F/SU3J7XArwWXfrVxOit1lRyQQ3JMAnJGGuSCNEmLMDIgT+SZvHiv3pv34X1OoyVvNrNHfsD7+gYMcKfe</latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>u9

<latexit sha1_base64="koL1j9FeKde8aIYIbfaagQSphAM="></latexit><latexit sha1_base64="apL854b+QDj/R0wlhI7UaHl9FzY="></latexit><latexit sha1_base64="apL854b+QDj/R0wlhI7UaHl9FzY="></latexit><latexit sha1_base64="ldU17CyXZ0BjfJRvJysJR+ONsag=">AAACMHicbVC7TgMxEPTxDOGVQEFBYxEhUUV3FDw6JBpKEAQi5U7RnrNJrNi+k+0DRUc+gRb+g6+BCtHyFThHCkgYydJoZlbenTgV3Fjff/fm5hcWl5ZLK+XVtfWNzUp169YkmWbYYIlIdDMGg4IrbFhuBTZTjSBjgXfx4Hzs392jNjxRN3aYYiShp3iXM7BOus7ap+1Kza/7BegsCSakRia4bFe9nbCTsEyiskyAMa3AT22Ug7acCRyVw8xgCmwAPWw5qkCiifJi1xHdd0qHdhPtnrK0UH9P5CCNGcrYJSXYvpn2xuJ/Xiuz3ZMo5yrNLCr281E3E9QmdHw47XCNzIqhI8A0d7tS1gcNzLp6yqHCB5ZICaqThwO0o1YQ5Y+0FtBQg+oVZ/2OxBqKSCgK1wUfR2VXZTBd3Cy5PawHfj248mtnR5NSS2SX7JEDEpBjckYuyCVpEEZ65Ik8kxfv1XvzPrzPn+icN5nZJn/gfX0DDjqn3w==</latexit>

z
<latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit><latexit sha1_base64="ydKcMRZGs46zG/a1/3kUQns4L3o="></latexit>

Time 
evolution

u10
<latexit sha1_base64="t+q9v6C4sPGdpkcOW9UsMsPinmw="></latexit><latexit sha1_base64="+NlDvFcF8eq7YrnVBOgr+khBQmw="></latexit><latexit sha1_base64="+NlDvFcF8eq7YrnVBOgr+khBQmw="></latexit><latexit sha1_base64="rjC195RUdHkCp1hnh3tRd7UW554=">AAACM3icbVDLSgMxFM34tr514cJNsAiuysSFuiy4calgq9AZyp30tsYmmSHJKGWcf3Cr/+HHiDtx6z+Yjl34OhA4nHMuufckmRTWheFLMDU9Mzs3v7BYW1peWV1b39hs2zQ3HFs8lam5SsCiFBpbTjiJV5lBUInEy2R4MvYvb9FYkeoLN8owVjDQoi84OC+1827BwrK7Xg8bYQX6l7AJqZMJzrobwXbUS3muUDsuwdoOCzMXF2Cc4BLLWpRbzIAPYYAdTzUotHFRrVvSPa/0aD81/mlHK/X7RAHK2pFKfFKBu7a/vbH4n9fJXf84LoTOcoeaf33UzyV1KR3fTnvCIHdy5AlwI/yulF+DAe58Q7VI4x1PlQLdK6IhurLD4uKe1hmNDOhBddb3SGKgikSycn3wvqz5Ktnv4v6S9kGDhQ12Htabh5NSF8gO2SX7hJEj0iSn5Iy0CCc35IE8kqfgOXgN3oL3r+hUMJnZIj8QfHwChaepHQ==</latexit>

e−i HX Y T
<latexit sha1_base64="ImCEs/Wl6cPb5KuIPexzeRi2dQQ=">AAAB+nicfVDLSsNAFL3xWeOjUZdugkVwoWGioO3KgpsuK/QlTQ2T8bYdmheZibTEfIk70YW49VPc+Bd+gmmrYCl6Vpdzzn0dJ3S5kIR8KAuLS8srq7k1dX1jcyuvbe80RBBHDOsscIOo5VCBLvexLrl0sRVGSD3HxaYzuBzrzTuMBA/8mhyF2PFoz+ddzqjMKFvL401yzPWKnbSuU72W2lqBGKRUJKclfb4wDTJB4eITJqja2rt1G7DYQ18ylwrRRr+X3d0/MkkoO0mEYRDJVD341yVYlBnHPtWKBYaUDWgPk5iJ9DfRjmW3OOwk3A9jiT6bERPqCY/K/hwpRp4zS6LgfrbL8ugAaRaZlBip1mSq3jckDtUshp9f9b+LxolhEsO8IoXy2TQPyMEe7MMhmHAOZahAFerAIIYHeIJn5V55VF6U16l1Qfnu2YUZKG9fL7CV+g==</latexit><latexit sha1_base64="ImCEs/Wl6cPb5KuIPexzeRi2dQQ=">AAAB+nicfVDLSsNAFL3xWeOjUZdugkVwoWGioO3KgpsuK/QlTQ2T8bYdmheZibTEfIk70YW49VPc+Bd+gmmrYCl6Vpdzzn0dJ3S5kIR8KAuLS8srq7k1dX1jcyuvbe80RBBHDOsscIOo5VCBLvexLrl0sRVGSD3HxaYzuBzrzTuMBA/8mhyF2PFoz+ddzqjMKFvL401yzPWKnbSuU72W2lqBGKRUJKclfb4wDTJB4eITJqja2rt1G7DYQ18ylwrRRr+X3d0/MkkoO0mEYRDJVD341yVYlBnHPtWKBYaUDWgPk5iJ9DfRjmW3OOwk3A9jiT6bERPqCY/K/hwpRp4zS6LgfrbL8ugAaRaZlBip1mSq3jckDtUshp9f9b+LxolhEsO8IoXy2TQPyMEe7MMhmHAOZahAFerAIIYHeIJn5V55VF6U16l1Qfnu2YUZKG9fL7CV+g==</latexit><latexit sha1_base64="ImCEs/Wl6cPb5KuIPexzeRi2dQQ=">AAAB+nicfVDLSsNAFL3xWeOjUZdugkVwoWGioO3KgpsuK/QlTQ2T8bYdmheZibTEfIk70YW49VPc+Bd+gmmrYCl6Vpdzzn0dJ3S5kIR8KAuLS8srq7k1dX1jcyuvbe80RBBHDOsscIOo5VCBLvexLrl0sRVGSD3HxaYzuBzrzTuMBA/8mhyF2PFoz+ddzqjMKFvL401yzPWKnbSuU72W2lqBGKRUJKclfb4wDTJB4eITJqja2rt1G7DYQ18ylwrRRr+X3d0/MkkoO0mEYRDJVD341yVYlBnHPtWKBYaUDWgPk5iJ9DfRjmW3OOwk3A9jiT6bERPqCY/K/hwpRp4zS6LgfrbL8ugAaRaZlBip1mSq3jckDtUshp9f9b+LxolhEsO8IoXy2TQPyMEe7MMhmHAOZahAFerAIIYHeIJn5V55VF6U16l1Qfnu2YUZKG9fL7CV+g==</latexit><latexit sha1_base64="ImCEs/Wl6cPb5KuIPexzeRi2dQQ=">AAAB+nicfVDLSsNAFL3xWeOjUZdugkVwoWGioO3KgpsuK/QlTQ2T8bYdmheZibTEfIk70YW49VPc+Bd+gmmrYCl6Vpdzzn0dJ3S5kIR8KAuLS8srq7k1dX1jcyuvbe80RBBHDOsscIOo5VCBLvexLrl0sRVGSD3HxaYzuBzrzTuMBA/8mhyF2PFoz+ddzqjMKFvL401yzPWKnbSuU72W2lqBGKRUJKclfb4wDTJB4eITJqja2rt1G7DYQ18ylwrRRr+X3d0/MkkoO0mEYRDJVD341yVYlBnHPtWKBYaUDWgPk5iJ9DfRjmW3OOwk3A9jiT6bERPqCY/K/hwpRp4zS6LgfrbL8ugAaRaZlBip1mSq3jckDtUshp9f9b+LxolhEsO8IoXy2TQPyMEe7MMhmHAOZahAFerAIIYHeIJn5V55VF6U16l1Qfnu2YUZKG9fL7CV+g==</latexit><latexit sha1_base64="hVdzNXWTXu7t46zbG+bnow/Vhbk=">AAAB+nicfVDLSsNAFL3xWeOjUZdugkVwoWGioO2u4KbLCn1JU8tkvG2H5sXMRFpivsSd6ELc+ilu/BvTWsFS9Kwu55z7Om7kcakI+dSWlldW19ZzG/rm1vZO3tjda8gwFgzrLPRC0XKpRI8HWFdcediKBFLf9bDpDq8mevMeheRhUFPjCDs+7Qe8xxlVGdU18nibnHKz0k1aN6lZS7tGgVikVCTnJXOxsC0yRQFmqHaND+cuZLGPgWIelbKNQT+7e3Bik0h1EoFRKFSqH/3rkkxkxolPd2KJEWVD2sckZjL9TbRj1SuOOgkPolhhwObEhPrSp2qwQMqx786TKHmQ7XJ8OkSaRaYUCt2ZTjUHlsKRnsXw86v5d9E4s2xi2dekUL6YBZKDAziEY7DhEspQgSrUgUEMj/AML9qD9qS9am/f1iVt1rMPc9DevwCSQJTL</latexit>

↑
<latexit sha1_base64="JoBdLc4EeGebXYKB6hHiWbNBRBw=">AAACDXicfVA9S8NQFL2pXzV+RR27hBbBQUKig+0iBRfHCv2CppSX19s2NHkvvPeiLaHg6OY/cRMdxNU/4OK/MW0VLEXPdDnn3Hs5x4sCXyrb/tQyK6tr6xvZTX1re2d3z9g/qEseC4o1ygMumh6RGPgMa8pXATYjgST0Amx4w8up3rhBIX3OqmocYTskfeb3fEpUSnWMvOl6POiGRA1Md3Yu4YKwPk5MN46IEPy2YxRsyy4V7bOSuTw4lj1DoZyrVe8AoNIxPtwup3GITNGASNlC1k+jDE4cO1LtRGDEhZroR/+6JBWpcerT3VhiROiQ9DGJqZz8Jlqx6hVH7cRnUayQ0QUxIaGcJlsi5Tj0FkmUPkt/uSEZIklbVAqF7s6umgNL4UhPa/jJav491E8tx7ac67SPC5gjCznIwzE4cA5luIIK1IDCPTzCM7xoD9qT9qq9za0Z7XvnEBagvX8BjJ6fQg==</latexit><latexit sha1_base64="eTFCpuFHLUsh43dWGb7Wudzuem0=">AAACDXicfVA9T8JQFH3FL6xfVTdZGoiJg2laHYTFkLg4OGBCgYQS8vq4QEP73st7rwpp2N38Ee5uRgfj6h9w8d9YQBMJ0TPdnHPuvTnH52EglW1/apml5ZXVtey6vrG5tb1j7O7VJIsFAZewkImGjyWEAQVXBSqEBheAIz+Euj+4mOj1GxAyYLSqRhxaEe7RoBsQrFKqbeRNz2dhJ8Kqb3rTcwkTmPZgbHoxx0Kw27ZRsC27VLRPS+bi4Fj2FIVyzq3GDwdXlbbx4XUYiSOgioRYyibQXhqlf+zYXLUSAZwJNdYP/3VJIlLjxKd7sQSOyQD3IImJHP8mmrHqFoetJKA8VkDJnJjgSE6SLZByFPnzJMiApr+8CA8Apy0qBUL3plfNvqVgqKc1/GQ1/x5qJ5ZjW8512sc5miGLciiPjpCDzlAZXaIKchFBd+gRPaMX7V570l61t5k1o33v7KM5aO9f4j6gQA==</latexit><latexit sha1_base64="eTFCpuFHLUsh43dWGb7Wudzuem0=">AAACDXicfVA9T8JQFH3FL6xfVTdZGoiJg2laHYTFkLg4OGBCgYQS8vq4QEP73st7rwpp2N38Ee5uRgfj6h9w8d9YQBMJ0TPdnHPuvTnH52EglW1/apml5ZXVtey6vrG5tb1j7O7VJIsFAZewkImGjyWEAQVXBSqEBheAIz+Euj+4mOj1GxAyYLSqRhxaEe7RoBsQrFKqbeRNz2dhJ8Kqb3rTcwkTmPZgbHoxx0Kw27ZRsC27VLRPS+bi4Fj2FIVyzq3GDwdXlbbx4XUYiSOgioRYyibQXhqlf+zYXLUSAZwJNdYP/3VJIlLjxKd7sQSOyQD3IImJHP8mmrHqFoetJKA8VkDJnJjgSE6SLZByFPnzJMiApr+8CA8Apy0qBUL3plfNvqVgqKc1/GQ1/x5qJ5ZjW8512sc5miGLciiPjpCDzlAZXaIKchFBd+gRPaMX7V570l61t5k1o33v7KM5aO9f4j6gQA==</latexit><latexit sha1_base64="eTFCpuFHLUsh43dWGb7Wudzuem0=">AAACDXicfVA9T8JQFH3FL6xfVTdZGoiJg2laHYTFkLg4OGBCgYQS8vq4QEP73st7rwpp2N38Ee5uRgfj6h9w8d9YQBMJ0TPdnHPuvTnH52EglW1/apml5ZXVtey6vrG5tb1j7O7VJIsFAZewkImGjyWEAQVXBSqEBheAIz+Euj+4mOj1GxAyYLSqRhxaEe7RoBsQrFKqbeRNz2dhJ8Kqb3rTcwkTmPZgbHoxx0Kw27ZRsC27VLRPS+bi4Fj2FIVyzq3GDwdXlbbx4XUYiSOgioRYyibQXhqlf+zYXLUSAZwJNdYP/3VJIlLjxKd7sQSOyQD3IImJHP8mmrHqFoetJKA8VkDJnJjgSE6SLZByFPnzJMiApr+8CA8Apy0qBUL3plfNvqVgqKc1/GQ1/x5qJ5ZjW8512sc5miGLciiPjpCDzlAZXaIKchFBd+gRPaMX7V570l61t5k1o33v7KM5aO9f4j6gQA==</latexit><latexit sha1_base64="jQkOnB5wL00WrOjLLOUmbp3pQtU=">AAACDXicfVC7SgNBFJ31GdfXqqXNkiBYyDKrhUkjARvLCOYB2RBmJzfJkN2ZYWZWE5b0dv6JnWghtv6AjX/jJkYwBD3V5Zxz7+WcUEZMG4w/raXlldW19dyGvbm1vbPr7O3XtEgUhSoVkVCNkGiIGIeqYSaChlRA4jCCeji4nOj1W1CaCX5jRhJaMelx1mWUmIxqO3k3CEXUiYnpu8H0XCoU4T0Yu0EiiVLiru0UsIdLRXxWchcH38NTFNAMlbbzEXQETWLghkZE6ybwXhalf+JjaVqpAimUGdtH/7o0VZlx4rODRIMkdEB6kCZUj38TzcR0i8NWyrhMDHA6J6Yk1pNkC6QexeE8CZrx7FcQkwGQrEVjQNnB9Krb9wwM7ayGn6zu30Pt1POx51/jQvliVkgOHaI8OkY+OkdldIUqqIooukeP6Bm9WA/Wk/VqvX1bl6zZzgGag/X+BX3Jnb4=</latexit>

↑
<latexit sha1_base64="dAx4cajuQab317yPMNKxA6C35oc=">AAACDHicfVA9T8JQFL31E+tX1ZGlSkwcTNPqICyGxEFHTCyQUIKvjwt9oV9571UgDbOb/8TN6GBc/QUu/hsLaCIheqabc869N+e4sc+ENM1PZWFxaXllNbemrm9sbm1rO7tVESWcok0jP+J1lwj0WYi2ZNLHesyRBK6PNbd3MdZrd8gFi8IbOYyxGZBuyDqMEplRLW1fd9zIbwdEerozOZf2PSZxpDtJTDiP+i2tYBpmqWielvT5wTLMCQrlvH15CwCVlvbhtCOaBBhK6hMhGhh2syTesWXGsplyjCMuR+rhvy5BeWYc+1QnERgT2iNdTBMqRr+JRiI7xUEzZWGcSAzpjJiSQIyDzZFiGLizJAoWZr+cgPSQZCVKiVx1Jld1z5A4ULMafrLqfw/VE8MyDes66+McpshBHg7gCCw4gzJcQQVsoHAPj/AML8qD8qS8Km9T64LyvbMHM1DevwCTX56w</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="Aqlt6LZWDjvtPkdRJ9m1R9ng/Lk=">AAACDHicfVDLSsNAFJ3UV42vqEs30SK4kDDRhe1GCm5cVrAPaEqZTG+boclkmJnYltC1O//EnehC3PoFbvwb01rBUvSsLuecey/n+CJkSmP8aeSWlldW1/Lr5sbm1vaOtbtXU3EiKVRpHMay4RMFIeNQ1UyH0BASSOSHUPf7VxO9fgdSsZjf6pGAVkR6nHUZJTqj2tah7flx2ImIDmxvei4dBEzD2PYSQaSMB22rgB1cKuLzkr04uA6eooBmqLStD68T0yQCrmlIlGoC72VJglMXC91KJYhY6rF5/K9LUZkZJz7TSxQIQvukB2lC1fg30Ux0tzhspYyLRAOnc2JKIjUJtkCqUeTPk6AYz355EekDyUrUGqTpTa/agaNhaGY1/GS1/x5qZ46LHfcGF8qXs0Ly6AAdoRPkogtURteogqqIonv0iJ7Ri/FgPBmvxtu3NWfMdvbRHIz3L8FpnVk=</latexit>

↓
<latexit sha1_base64="L7LJW2rPt6u/99erLSSSRAUJHqA=">AAACDnicfVDLSsNAFL2p7/iquuwmKIILCYkurBspuNClgtFCU3QyvW2HJjNhZmItoR/gzj9xJ7oQt36AG//GaatgKXpWl3POvZdzojRmSnvep1WYmp6ZnZtfsBeXlldWi2vrl0pkkmJARSxkNSIKY8Yx0EzHWE0lkiSK8SrqHA/0q1uUigl+oXsp1hPS4qzJKNGGui5uOWEk4kZCdNsJh+fybptp7DthQ3Q5kVJ0jctzvcOyt3/oTA6+6w2xVSkFJzcAcHZd/DDLNEuQaxoTpWrIWyZLe9f3Ul3PJaZC6r69/a9LUWmMA58dZgpTQjukhXlGVf83Uct0s3xXzxlPM42cjok5SdQg2gSpekk0TqJi3PwKE9JBYmrUGqUdDq86bVfjnW1q+Mnq/D1c7rm+5/rnpo8jGGEeSrAJO+DDAVTgFM4gAAr38AjP8GI9WE/Wq/U2shas750NGIP1/gU5lJ+X</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="BKoqG+PrtrjdT56ZB4y8kWkRikE=">AAACDnicfVC7SgNBFJ31GddX1NJmMQgWssxqYdJIwMYygnlANoTZyU12yO7MMjNrEpZ8gJ1/YidaiK0fYOPfOIkRDEFPdTnn3Hs5J0gipjTGn9bS8srq2npuw97c2t7Zze/t15RIJYUqFZGQjYAoiBiHqmY6gkYigcRBBPWgfzXR63cgFRP8Vo8SaMWkx1mXUaIN1c4XHD8QUScmOnT86blsEDINY8fviAEnUoqBcWEXl4r4vOQsDp6LpyigGSrt/IdZpmkMXNOIKNUE3jNZwlMPJ7qVSUiE1GP7+F+XotIYJz7bTxUkhPZJD7KUqvFvopnqbnHYyhhPUg2czokZidUk2gKpRnEwT4Ji3PzyY9IHYmrUGqTtT686oathaJsafrI6fw+1M9fDrneDC+XLWSE5dIiO0Any0AUqo2tUQVVE0T16RM/oxXqwnqxX6+3bumTNdg7QHKz3L2eenkA=</latexit>

↓
<latexit sha1_base64="L7LJW2rPt6u/99erLSSSRAUJHqA=">AAACDnicfVDLSsNAFL2p7/iquuwmKIILCYkurBspuNClgtFCU3QyvW2HJjNhZmItoR/gzj9xJ7oQt36AG//GaatgKXpWl3POvZdzojRmSnvep1WYmp6ZnZtfsBeXlldWi2vrl0pkkmJARSxkNSIKY8Yx0EzHWE0lkiSK8SrqHA/0q1uUigl+oXsp1hPS4qzJKNGGui5uOWEk4kZCdNsJh+fybptp7DthQ3Q5kVJ0jctzvcOyt3/oTA6+6w2xVSkFJzcAcHZd/DDLNEuQaxoTpWrIWyZLe9f3Ul3PJaZC6r69/a9LUWmMA58dZgpTQjukhXlGVf83Uct0s3xXzxlPM42cjok5SdQg2gSpekk0TqJi3PwKE9JBYmrUGqUdDq86bVfjnW1q+Mnq/D1c7rm+5/rnpo8jGGEeSrAJO+DDAVTgFM4gAAr38AjP8GI9WE/Wq/U2shas750NGIP1/gU5lJ+X</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="BKoqG+PrtrjdT56ZB4y8kWkRikE=">AAACDnicfVC7SgNBFJ31GddX1NJmMQgWssxqYdJIwMYygnlANoTZyU12yO7MMjNrEpZ8gJ1/YidaiK0fYOPfOIkRDEFPdTnn3Hs5J0gipjTGn9bS8srq2npuw97c2t7Zze/t15RIJYUqFZGQjYAoiBiHqmY6gkYigcRBBPWgfzXR63cgFRP8Vo8SaMWkx1mXUaIN1c4XHD8QUScmOnT86blsEDINY8fviAEnUoqBcWEXl4r4vOQsDp6LpyigGSrt/IdZpmkMXNOIKNUE3jNZwlMPJ7qVSUiE1GP7+F+XotIYJz7bTxUkhPZJD7KUqvFvopnqbnHYyhhPUg2czokZidUk2gKpRnEwT4Ji3PzyY9IHYmrUGqTtT686oathaJsafrI6fw+1M9fDrneDC+XLWSE5dIiO0Any0AUqo2tUQVVE0T16RM/oxXqwnqxX6+3bumTNdg7QHKz3L2eenkA=</latexit>

↑
<latexit sha1_base64="dAx4cajuQab317yPMNKxA6C35oc=">AAACDHicfVA9T8JQFL31E+tX1ZGlSkwcTNPqICyGxEFHTCyQUIKvjwt9oV9571UgDbOb/8TN6GBc/QUu/hsLaCIheqabc869N+e4sc+ENM1PZWFxaXllNbemrm9sbm1rO7tVESWcok0jP+J1lwj0WYi2ZNLHesyRBK6PNbd3MdZrd8gFi8IbOYyxGZBuyDqMEplRLW1fd9zIbwdEerozOZf2PSZxpDtJTDiP+i2tYBpmqWielvT5wTLMCQrlvH15CwCVlvbhtCOaBBhK6hMhGhh2syTesWXGsplyjCMuR+rhvy5BeWYc+1QnERgT2iNdTBMqRr+JRiI7xUEzZWGcSAzpjJiSQIyDzZFiGLizJAoWZr+cgPSQZCVKiVx1Jld1z5A4ULMafrLqfw/VE8MyDes66+McpshBHg7gCCw4gzJcQQVsoHAPj/AML8qD8qS8Km9T64LyvbMHM1DevwCTX56w</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="Aqlt6LZWDjvtPkdRJ9m1R9ng/Lk=">AAACDHicfVDLSsNAFJ3UV42vqEs30SK4kDDRhe1GCm5cVrAPaEqZTG+boclkmJnYltC1O//EnehC3PoFbvwb01rBUvSsLuecey/n+CJkSmP8aeSWlldW1/Lr5sbm1vaOtbtXU3EiKVRpHMay4RMFIeNQ1UyH0BASSOSHUPf7VxO9fgdSsZjf6pGAVkR6nHUZJTqj2tah7flx2ImIDmxvei4dBEzD2PYSQaSMB22rgB1cKuLzkr04uA6eooBmqLStD68T0yQCrmlIlGoC72VJglMXC91KJYhY6rF5/K9LUZkZJz7TSxQIQvukB2lC1fg30Ux0tzhspYyLRAOnc2JKIjUJtkCqUeTPk6AYz355EekDyUrUGqTpTa/agaNhaGY1/GS1/x5qZ46LHfcGF8qXs0Ly6AAdoRPkogtURteogqqIonv0iJ7Ri/FgPBmvxtu3NWfMdvbRHIz3L8FpnVk=</latexit>

↓
<latexit sha1_base64="L7LJW2rPt6u/99erLSSSRAUJHqA=">AAACDnicfVDLSsNAFL2p7/iquuwmKIILCYkurBspuNClgtFCU3QyvW2HJjNhZmItoR/gzj9xJ7oQt36AG//GaatgKXpWl3POvZdzojRmSnvep1WYmp6ZnZtfsBeXlldWi2vrl0pkkmJARSxkNSIKY8Yx0EzHWE0lkiSK8SrqHA/0q1uUigl+oXsp1hPS4qzJKNGGui5uOWEk4kZCdNsJh+fybptp7DthQ3Q5kVJ0jctzvcOyt3/oTA6+6w2xVSkFJzcAcHZd/DDLNEuQaxoTpWrIWyZLe9f3Ul3PJaZC6r69/a9LUWmMA58dZgpTQjukhXlGVf83Uct0s3xXzxlPM42cjok5SdQg2gSpekk0TqJi3PwKE9JBYmrUGqUdDq86bVfjnW1q+Mnq/D1c7rm+5/rnpo8jGGEeSrAJO+DDAVTgFM4gAAr38AjP8GI9WE/Wq/U2shas750NGIP1/gU5lJ+X</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="BKoqG+PrtrjdT56ZB4y8kWkRikE=">AAACDnicfVC7SgNBFJ31GddX1NJmMQgWssxqYdJIwMYygnlANoTZyU12yO7MMjNrEpZ8gJ1/YidaiK0fYOPfOIkRDEFPdTnn3Hs5J0gipjTGn9bS8srq2npuw97c2t7Zze/t15RIJYUqFZGQjYAoiBiHqmY6gkYigcRBBPWgfzXR63cgFRP8Vo8SaMWkx1mXUaIN1c4XHD8QUScmOnT86blsEDINY8fviAEnUoqBcWEXl4r4vOQsDp6LpyigGSrt/IdZpmkMXNOIKNUE3jNZwlMPJ7qVSUiE1GP7+F+XotIYJz7bTxUkhPZJD7KUqvFvopnqbnHYyhhPUg2czokZidUk2gKpRnEwT4Ji3PzyY9IHYmrUGqTtT686oathaJsafrI6fw+1M9fDrneDC+XLWSE5dIiO0Any0AUqo2tUQVVE0T16RM/oxXqwnqxX6+3bumTNdg7QHKz3L2eenkA=</latexit>

↓
<latexit sha1_base64="L7LJW2rPt6u/99erLSSSRAUJHqA=">AAACDnicfVDLSsNAFL2p7/iquuwmKIILCYkurBspuNClgtFCU3QyvW2HJjNhZmItoR/gzj9xJ7oQt36AG//GaatgKXpWl3POvZdzojRmSnvep1WYmp6ZnZtfsBeXlldWi2vrl0pkkmJARSxkNSIKY8Yx0EzHWE0lkiSK8SrqHA/0q1uUigl+oXsp1hPS4qzJKNGGui5uOWEk4kZCdNsJh+fybptp7DthQ3Q5kVJ0jctzvcOyt3/oTA6+6w2xVSkFJzcAcHZd/DDLNEuQaxoTpWrIWyZLe9f3Ul3PJaZC6r69/a9LUWmMA58dZgpTQjukhXlGVf83Uct0s3xXzxlPM42cjok5SdQg2gSpekk0TqJi3PwKE9JBYmrUGqUdDq86bVfjnW1q+Mnq/D1c7rm+5/rnpo8jGGEeSrAJO+DDAVTgFM4gAAr38AjP8GI9WE/Wq/U2shas750NGIP1/gU5lJ+X</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="BKoqG+PrtrjdT56ZB4y8kWkRikE=">AAACDnicfVC7SgNBFJ31GddX1NJmMQgWssxqYdJIwMYygnlANoTZyU12yO7MMjNrEpZ8gJ1/YidaiK0fYOPfOIkRDEFPdTnn3Hs5J0gipjTGn9bS8srq2npuw97c2t7Zze/t15RIJYUqFZGQjYAoiBiHqmY6gkYigcRBBPWgfzXR63cgFRP8Vo8SaMWkx1mXUaIN1c4XHD8QUScmOnT86blsEDINY8fviAEnUoqBcWEXl4r4vOQsDp6LpyigGSrt/IdZpmkMXNOIKNUE3jNZwlMPJ7qVSUiE1GP7+F+XotIYJz7bTxUkhPZJD7KUqvFvopnqbnHYyhhPUg2czokZidUk2gKpRnEwT4Ji3PzyY9IHYmrUGqTtT686oathaJsafrI6fw+1M9fDrneDC+XLWSE5dIiO0Any0AUqo2tUQVVE0T16RM/oxXqwnqxX6+3bumTNdg7QHKz3L2eenkA=</latexit>

↓
<latexit sha1_base64="L7LJW2rPt6u/99erLSSSRAUJHqA=">AAACDnicfVDLSsNAFL2p7/iquuwmKIILCYkurBspuNClgtFCU3QyvW2HJjNhZmItoR/gzj9xJ7oQt36AG//GaatgKXpWl3POvZdzojRmSnvep1WYmp6ZnZtfsBeXlldWi2vrl0pkkmJARSxkNSIKY8Yx0EzHWE0lkiSK8SrqHA/0q1uUigl+oXsp1hPS4qzJKNGGui5uOWEk4kZCdNsJh+fybptp7DthQ3Q5kVJ0jctzvcOyt3/oTA6+6w2xVSkFJzcAcHZd/DDLNEuQaxoTpWrIWyZLe9f3Ul3PJaZC6r69/a9LUWmMA58dZgpTQjukhXlGVf83Uct0s3xXzxlPM42cjok5SdQg2gSpekk0TqJi3PwKE9JBYmrUGqUdDq86bVfjnW1q+Mnq/D1c7rm+5/rnpo8jGGEeSrAJO+DDAVTgFM4gAAr38AjP8GI9WE/Wq/U2shas750NGIP1/gU5lJ+X</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="qj8CzDac8nr4iJLrtaFCABpSsHo=">AAACDnicfVDLTsJAFJ3iC+sLdcmmkZi4ME2rC2FjSFzoEhMLRErIdLjQCe20mZkKpOED3PkR7t0ZXahbP8CNf+MAmkiIntXNOefem3O8OKBCWtanlllYXFpeya7qa+sbm1u57Z2qiBJOwCFREPG6hwUElIEjqQygHnPAoRdAzeudjfXaDXBBI3YlhzE0Q9xltEMJlopq5QqG60VBO8TSN9zJubTvUwkjw21HfYY5j/rKZZlWqWgdl4z5wTatCQrlvHN+bd+/Vlq5D7VMkhCYJAEWogGsq7L4h7YVy2bKIY64HOn7/7oE4co49uluIiDGpIe7kCZEjH4TjUR2ioNmSlmcSGBkRkxxKMbR5kgxDL1ZEgRl6pcb4h5gVaOUwHV3ctXwTQkDXdXwk9X4e6gembZl2peqj1M0RRbl0R46QDY6QWV0gSrIQQTdogf0hJ61O+1Re9HeptaM9r2zi2agvX8BTpGhJA==</latexit><latexit sha1_base64="BKoqG+PrtrjdT56ZB4y8kWkRikE=">AAACDnicfVC7SgNBFJ31GddX1NJmMQgWssxqYdJIwMYygnlANoTZyU12yO7MMjNrEpZ8gJ1/YidaiK0fYOPfOIkRDEFPdTnn3Hs5J0gipjTGn9bS8srq2npuw97c2t7Zze/t15RIJYUqFZGQjYAoiBiHqmY6gkYigcRBBPWgfzXR63cgFRP8Vo8SaMWkx1mXUaIN1c4XHD8QUScmOnT86blsEDINY8fviAEnUoqBcWEXl4r4vOQsDp6LpyigGSrt/IdZpmkMXNOIKNUE3jNZwlMPJ7qVSUiE1GP7+F+XotIYJz7bTxUkhPZJD7KUqvFvopnqbnHYyhhPUg2czokZidUk2gKpRnEwT4Ji3PzyY9IHYmrUGqTtT686oathaJsafrI6fw+1M9fDrneDC+XLWSE5dIiO0Any0AUqo2tUQVVE0T16RM/oxXqwnqxX6+3bumTNdg7QHKz3L2eenkA=</latexit>

↑
<latexit sha1_base64="dAx4cajuQab317yPMNKxA6C35oc=">AAACDHicfVA9T8JQFL31E+tX1ZGlSkwcTNPqICyGxEFHTCyQUIKvjwt9oV9571UgDbOb/8TN6GBc/QUu/hsLaCIheqabc869N+e4sc+ENM1PZWFxaXllNbemrm9sbm1rO7tVESWcok0jP+J1lwj0WYi2ZNLHesyRBK6PNbd3MdZrd8gFi8IbOYyxGZBuyDqMEplRLW1fd9zIbwdEerozOZf2PSZxpDtJTDiP+i2tYBpmqWielvT5wTLMCQrlvH15CwCVlvbhtCOaBBhK6hMhGhh2syTesWXGsplyjCMuR+rhvy5BeWYc+1QnERgT2iNdTBMqRr+JRiI7xUEzZWGcSAzpjJiSQIyDzZFiGLizJAoWZr+cgPSQZCVKiVx1Jld1z5A4ULMafrLqfw/VE8MyDes66+McpshBHg7gCCw4gzJcQQVsoHAPj/AML8qD8qS8Km9T64LyvbMHM1DevwCTX56w</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="386hColSb6oTvqFW9Cp8jZ4NwgE=">AAACDHicfVBNT8JAFNz6ifWr6pFLlZh4ME2rB+FiSDzoERMLRErIdnnAhna32d0KpOHszV/h1ZvRg9Gjv8CL/8YCmkiIzullZt57mfGjgEpl25/a3PzC4tJyZkVfXVvf2DS2tsuSx4KAS3jARdXHEgLKwFVUBVCNBODQD6Did89GeuUGhKScXalBBPUQtxltUYJVSjWMXdPzedAMseqY3vhc0utQBUPTiyMsBO81jJxt2YW8fVwwZwfHssfIFbPu+bVz/1ZqGB9ek5M4BKZIgKWsAWunSTqHjh2peiIg4kIN9f1/XZKI1Djy6V4sIcKki9uQxEQOfxO1WLXy/XpCWRQrYGRKTHAoR8FmSDkI/WkSJGXpLy/EXcBpiUqB0L3xVbNjKejraQ0/Wc2/h/KR5diWc5n2cYomyKAs2kMHyEEnqIguUAm5iKBb9ICe0LN2pz1qL9rrxDqnfe/soClo71+oXKA9</latexit><latexit sha1_base64="Aqlt6LZWDjvtPkdRJ9m1R9ng/Lk=">AAACDHicfVDLSsNAFJ3UV42vqEs30SK4kDDRhe1GCm5cVrAPaEqZTG+boclkmJnYltC1O//EnehC3PoFbvwb01rBUvSsLuecey/n+CJkSmP8aeSWlldW1/Lr5sbm1vaOtbtXU3EiKVRpHMay4RMFIeNQ1UyH0BASSOSHUPf7VxO9fgdSsZjf6pGAVkR6nHUZJTqj2tah7flx2ImIDmxvei4dBEzD2PYSQaSMB22rgB1cKuLzkr04uA6eooBmqLStD68T0yQCrmlIlGoC72VJglMXC91KJYhY6rF5/K9LUZkZJz7TSxQIQvukB2lC1fg30Ux0tzhspYyLRAOnc2JKIjUJtkCqUeTPk6AYz355EekDyUrUGqTpTa/agaNhaGY1/GS1/x5qZ46LHfcGF8qXs0Ly6AAdoRPkogtURteogqqIonv0iJ7Ri/FgPBmvxtu3NWfMdvbRHIz3L8FpnVk=</latexit>

↑
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We describe a protocol for cross-platform verification of quantum simulators and quantum computers.
We show how to measure directly the overlap Tr½ρ1ρ2" and the purities Tr½ρ21;2", and thus a fidelity of two,
possibly mixed, quantum states ρ1 and ρ2 prepared in separate experimental platforms. We require only
local measurements in randomized product bases, which are communicated classically. As a proof of
principle, we present the measurement of experiment-theory fidelities for entangled 10-qubit quantum
states in a trapped ion quantum simulator.

DOI: 10.1103/PhysRevLett.124.010504

There is an ongoing effort to build intermediate scale
quantum devices involving several tens of qubits [1].
Engineering and physical realization of quantum computers
and quantum simulators are being pursued with different
physical platforms ranging from atomic and photonic to
solid-state systems. Recently, verification procedures [2],
such as randomized and cyclic benchmarking [3–7], and
direct fidelity estimation [8–10] have been developed,
which allow one to compare an implemented, noisy
quantum process (or state) with a known, theoretical target.
A key challenge is the direct comparison of a priori
unknown quantum states generated on two devices at
different locations and times by running a specific quantum
computation or quantum simulation, i.e., the cross-platform
verification of these experimental quantum devices by
means of a fidelity measurement. This will become
particularly relevant when we approach regimes where
eventually a comparison with classical simulations
becomes computationally hard and thus a direct compari-
son of quantum machines is needed.
Our aim is the development of protocols for cross-

platform verification by measuring the overlap of quantum
states produced with two different experimental setups,
potentially realized on very different physical platforms,
without any prior assumptions on the quantum states
themselves. For two pure quantum states, the relevant
fidelity is defined as the overlap F pureðjψ1i; jψ2iÞ ¼
jhψ1jψ2ij2, where jψ1i and jψ2i denote pure states in
Hilbert spaceH on devices 1 and 2, respectively. For mixed
states we consider the fidelity [11]

Fmaxðρ1; ρ2Þ ¼
Tr½ρ1ρ2"

maxfTr½ρ21";Tr½ρ22"g
; ð1Þ

which measures the overlap between density matrices ρ1
and ρ2, respectively, normalized by their purities. Here

ρ1 (ρ2) can refer to the total system, or a subsystem of
device 1 (2). Fmax fulfills the axioms for mixed state
fidelities imposed by Josza [12]. It can thus be used to
verify that, and to which degree, two quantum devices have
prepared the same quantum state. We note that the
performance of quantum devices has been previously
investigated by comparing outcome distributions of a
selection of observables [13,14]. In contrast, we are
interested here in specifically measuring the fidelity (1)
of the entire density matrices ρ1 and ρ2.
The protocol discussed below infers the cross-platform

fidelity Fmax from statistical correlations between random-
ized measurements performed on the first and second
device (see Fig. 1). While in previous work we obtained
Rényi (entanglement) entropies, or purities, of reduced
density matrices Tr½ρ21;2", for single systems from random-
ized measurements [15–17] [see the denominator of
Eq. (1)], we are here interested in measuring the overlap
between density operators of devices 1 and 2 from such
protocols [see numerator of Eq. (1)]. In principle, Fmax can
be determined from full quantum state tomography (QST)
of systems 1 and 2 [10,18–22]. However, due to the
exponential scaling with the (sub)system size [19], this
approach is limited to only a few degrees of freedom [18].
Alternative efficient tomographic methods require a spe-
cific structure, or a priori knowledge of the system of
interest [10,21–23]. In contrast, as demonstrated below, the
present protocol scales, although exponentially, much more
favorably with the (sub)system size, allowing practical
cross-platform verification for (sub)systems involving tens
of qubits on state-of-the-art quantum devices [24].
In the following, we first describe the protocol, followed

by an analysis of statistical errors and the required number
of experimental runs. Using the data taken in the context of
Ref. [28], we demonstrate, as a proof of principle, the
measurement of experiment-theory fidelities of quantum
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There is an ongoing effort to build intermediate scale
quantum devices involving several tens of qubits [1].
Engineering and physical realization of quantum computers
and quantum simulators are being pursued with different
physical platforms ranging from atomic and photonic to
solid-state systems. Recently, verification procedures [2],
such as randomized and cyclic benchmarking [3–7], and
direct fidelity estimation [8–10] have been developed,
which allow one to compare an implemented, noisy
quantum process (or state) with a known, theoretical target.
A key challenge is the direct comparison of a priori
unknown quantum states generated on two devices at
different locations and times by running a specific quantum
computation or quantum simulation, i.e., the cross-platform
verification of these experimental quantum devices by
means of a fidelity measurement. This will become
particularly relevant when we approach regimes where
eventually a comparison with classical simulations
becomes computationally hard and thus a direct compari-
son of quantum machines is needed.
Our aim is the development of protocols for cross-

platform verification by measuring the overlap of quantum
states produced with two different experimental setups,
potentially realized on very different physical platforms,
without any prior assumptions on the quantum states
themselves. For two pure quantum states, the relevant
fidelity is defined as the overlap F pureðjψ1i; jψ2iÞ ¼
jhψ1jψ2ij2, where jψ1i and jψ2i denote pure states in
Hilbert spaceH on devices 1 and 2, respectively. For mixed
states we consider the fidelity [11]

Fmaxðρ1; ρ2Þ ¼
Tr½ρ1ρ2"

maxfTr½ρ21";Tr½ρ22"g
; ð1Þ

which measures the overlap between density matrices ρ1
and ρ2, respectively, normalized by their purities. Here

ρ1 (ρ2) can refer to the total system, or a subsystem of
device 1 (2). Fmax fulfills the axioms for mixed state
fidelities imposed by Josza [12]. It can thus be used to
verify that, and to which degree, two quantum devices have
prepared the same quantum state. We note that the
performance of quantum devices has been previously
investigated by comparing outcome distributions of a
selection of observables [13,14]. In contrast, we are
interested here in specifically measuring the fidelity (1)
of the entire density matrices ρ1 and ρ2.
The protocol discussed below infers the cross-platform

fidelity Fmax from statistical correlations between random-
ized measurements performed on the first and second
device (see Fig. 1). While in previous work we obtained
Rényi (entanglement) entropies, or purities, of reduced
density matrices Tr½ρ21;2", for single systems from random-
ized measurements [15–17] [see the denominator of
Eq. (1)], we are here interested in measuring the overlap
between density operators of devices 1 and 2 from such
protocols [see numerator of Eq. (1)]. In principle, Fmax can
be determined from full quantum state tomography (QST)
of systems 1 and 2 [10,18–22]. However, due to the
exponential scaling with the (sub)system size [19], this
approach is limited to only a few degrees of freedom [18].
Alternative efficient tomographic methods require a spe-
cific structure, or a priori knowledge of the system of
interest [10,21–23]. In contrast, as demonstrated below, the
present protocol scales, although exponentially, much more
favorably with the (sub)system size, allowing practical
cross-platform verification for (sub)systems involving tens
of qubits on state-of-the-art quantum devices [24].
In the following, we first describe the protocol, followed

by an analysis of statistical errors and the required number
of experimental runs. Using the data taken in the context of
Ref. [28], we demonstrate, as a proof of principle, the
measurement of experiment-theory fidelities of quantum
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Scaling of the required number of measurements [numerical results]
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Results:
• Scaling statistical error

|[Fmax(ΩA ,ΩA)]e °1|ª 1/(NM
p

NU )

for NM .D A = 2NA and NU ¿ 1,
• Scaling experimental runs

NU NM ª 2bNA

with b . 1 vs. full tomography b ∏ 2
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Minimal number of required measurements NM to estimate (Fmax(ΩA ,ΩA))e for error ≤ = 0.05
vs. number qubits NA for NU = 100.
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Example 3:
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<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>

P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit> s

data reused many times …

Rigorous error bounds:

 
M ∝ log(L)4w /ϵ2

independent randomized 
measurements suffice to …
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global or local

Randomized Measurements

41

time

Probability for 
bitstring s

is a random variable

depending on U

U ∈ 𝒰 ≡ 𝖢𝖴𝖤
Repeat

random 
unitary

Measurement post-processing

(Cross-) Correlation of probabilities

‘Noise’ or ensemble average 
(e.g. CUE)

experiment `day 1, lab 1’ experiment `day 2 lab 2’

… hybrid classical-quantum protocols

 
VQE circuit 

etc. 

quench 
dynamics,

2-design, …
<latexit sha1_base64="aB4QWrj4/U6Ri+jslLD+zuB9ugA="></latexit>

EU⇠U [PU (s)PU (s
0)]

<latexit sha1_base64="HA/Gm1tsRJgm8ScOjnKydCL3UY0="></latexit>

PU (s)
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Measurement post-processing

(Cross-) Correlation of probabilities

experiment `day 1, lab 1’ experiment `day 2 lab 2’

<latexit sha1_base64="aB4QWrj4/U6Ri+jslLD+zuB9ugA="></latexit>

EU⇠U [PU (s)PU (s
0)]

ρA

u1
u2
u3

 
VQE circuit 

etc. 

quench 
dynamics,

theory - L. K. Joshi et al., Phys. Rev. X. 12, (2022).

exp - L. K. Joshi et al. with Monroe group, unpublished

theory - C Kokail et al., Nat. Phys. 17, 936 (2021).

theory + exp - MK Joshi, C Kokail, R van Bijnen et al., arXiv 2023

theory [+ exp ] - A. Elben et al., Phys. Rev. Lett. 125, 200501 (2020).

theory [+ exp ] -  A. Neven et al., Npj Quantum Inf. 7, (2021).

theory - B. Vermersch et al., Phys. Rev. X 9, 021061 (2019).

exp - M. K. Joshi et al., Phys. Rev. Lett. 124, 240505 (2020).

• Entanglement Hamiltonian Tomography

• OTOCS

• Partially transposed density matrix

• Spectral form factor & quantum chaos

• observation of quantum Mpemba effect
theory + exp - MK Joshi et al. unpublished

theory - A. Elben et al., Science Advances 6, eaaz3666 (2020).
• topological invariants

Randomized Measurements
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Randomized Measurements: Local Random Unitaries

time

etc. 

Measurement post-processing

U = ⨂
i∈A

ui ui ∈ 𝖢𝖴𝖤(d)

u1
u2
u3

(

0
,

1
,

0)
=

s
A

<latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit>

A

= s

e−iHt

quench dynamics

time

purity - Renyi entropy

T Brydges, A Elben et al., Science (2019)
A  Elben, B Vermersch, et al., PRA (2019)

<latexit sha1_base64="JxM1xQ0PSlGLZkk53TPhnC5Q9q0="></latexit>

P̂2 = 2|A| X

sA ,s0A

(°2)°D[sA ,s0A]PUA (sA)PUA (s0A)

<latexit sha1_base64="2vsj8oCybg4rUNpu34dTbFRnoQ4="></latexit>

PU (s) =Tr
£
UΩAU †|sihs|

§

bit string

evenly distributed 
on Bloch sphere

Random single spin rotations are sufficient!

with
<latexit sha1_base64="LAnNwPuKpDvisUSQkCy81WrXT44="></latexit>

P̂2 = 2|A|X

s,s0
(°2)°D[s,s0]PU (s)PU (s 0)

Hamming distance cross-correlation

<latexit sha1_base64="RH/GT0qXANYqyoRT0eP35PPLIAk="></latexit>

Trρ2
A = EU∼CUE[P̂2]

43
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Randomized Measurements: Tomography

44

Quench dynamics with analog quantum simulator
ρA

u1
u2
u3

e−iHt

quench dynamics

time

|↑ ⟩
|↓ ⟩

|↑ ⟩

product state  entangled state→

Randomized Tomography

̂ρA = ∑
s,s′￼

∑
U

PU(s)(−2)−D[s,s′￼]U |s′￼⟩⟨s′￼|U†

tomographically complete

timetime

ρA = 𝔼U∼𝖢𝖴𝖤[ ̂ρA]

exponentially expensive

Goal:

ρA = e−H̃A

learn operator structure of  
Entanglement Hamiltonian

… learn efficiently only if we know 
something about EH
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Trapped ions

UIBK & IQOQI

Exploring Large-Scale Entanglement 

in Quantum Simulation

Theory: C Kokail, R van Bijnen, TV Zache, and P.Z. 

Experiment: ML Joshi, F Kranzl, R Blatt, CF Roos

Early collaborations: M Dalmonte (→ ICTP), B Vermersch (→ Grenoble)

C Kokail R van Bijnen M Joshi

Nature online Nov 23, 2023 
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A ĀĀ

ρA = e−H̃A /ZA
LA

5 10 15
0

2

4
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LA

S
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N
A

AntiferromagnetCFT

↑

Entanglement  
Hamiltonian Learning

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>

t

st
at

e 
pr

ep
ar

at
io

n
da

ta
 a

cq
ui

si
tio

n 
+ 

EH
T

<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain

�0.50 0.5
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0.6

0.8

1

Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>

c = 1

volume-la
w

area-law

volume-law

area-law

5 10 15
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VQE ground  
state

heated state

VQE ground  
state

heated state

theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>

| 0i

ρA

βj βj
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>
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1

ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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Hamiltonian Learning

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>
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<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>
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<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>

| 0i

ρA

βj βj

<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>

⇢A(�) =
1

ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k

ε(θ2)

ε(θ1)
εG

<latexit sha1_base64="5TqszlN7PQTzLC1O2Tgpda5kvj0="></latexit>"max
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↑

Entanglement  
Hamiltonian Learning

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>

| 0i
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<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>

⇢A(�) =
1

ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k

ε(θ2)

ε(θ1)
εG

<latexit sha1_base64="5TqszlN7PQTzLC1O2Tgpda5kvj0="></latexit>"max
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Entanglement  
Hamiltonian Learning

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)
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Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure

Experimental Energy Optimization Trajectory 
for Ground State (VQE)
N = 51 ions
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Learning the Entanglement Hamiltonian?

48

Protocol 0: Quantum state tomography

ρA(g̃) = exp (−H̃A(g̃))

ρA = exp (−H̃A) ✓ expensive * 

* except: for small system sizes, or if we know 
something about the quantum state

measurement 
data

Do we know something about the structure of  to make tomography efficient?H̃A
A. Anshu et al., Sample-Efficient Learning of Interacting Quantum Systems, Nat. Phys. 17, 931 (2021).

?
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Entanglement Hamiltonian in QFT: Bisognano-Wichmann Theorem
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Bisognano and Wichmann, J. Math. Phys.  (1976)

Lorentz invariance
Relativistic Quantum Field Theory

vacuum state |Ω⟩

Entanglement Hamiltonian

Review: M Dalmonte, V Eisler, M Falconi, B Vermersch, Entanglement Hamiltonians - from field theory to lattice models & experiments, Ann Phys 2022,534, 2200064

H = ∫A∪B
ddx ℋ(x) … … x1B A

Gibbs state with local temperature β(x) ∼ x1

H̃A

ρA ≡ TrB |Ω⟩⟨Ω | = exp [− ∫A
ddx β(x)ℋ(x) ]

β(x) ∼ x1
hot~entangled

Casini, Huerta & Myers, Journal of HEP (2011)

EH  as deformed system HamiltonianH̃A
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Entanglement Hamiltonian in QFT: Bisognano-Wichmann Theorem
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Conformal Field Theory Entanglement Hamiltonian

H = ∫A∪B
ddx ℋ(x)

x1
… … x1A

parabolicβ(x) ∼

Casini, Huerta & Myers, Journal of HEP (2011) 1+1 CFT:  Hislop, Longo, Cardy, Calabrese, Tonni, Wen, Ryu, Ludwig, … (ground state, thermal & quench)
Review: M Dalmonte, V Eisler, M Falconi, B Vermersch, Entanglement Hamiltonians - from field theory to lattice models & experiments, Ann Phys 2022,534, 2200064

vacuum state |Ω⟩

Gibbs state with local temperature β(x) ∼ x1

H̃A

ρA ≡ TrB |Ω⟩⟨Ω | = exp [− ∫A
ddx β(x)ℋ(x) ]

Entanglement Hamiltonian as deformed system Hamiltonian

scale invariance
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Lattice Bisognano-Wichmann & beyond
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βℓ

A

A

A

Ĥ = ∑
ℓ

ĥℓ k-local Hamiltonian

EH as local deformation 
of system Hamiltonian

BW recipe

ℓ

βℓ

ℓ

ramp

parabola

H̃A = ∑
ℓ∈A

βℓ ĥℓ + …

ground state of many-body lattice model

gℓ

ℓ

ρA = e−H̃A

entanglement

Hamiltonian

Gibbs state with local 
inverse temperature

1. Validity of BW-like EH, non-local corrections 
often sub-leading

Analytical results:  non-interacting, non-critical chains 
Numerical evidence: lattice models, quench dynamics

Review: M Dalmonte, V Eisler, M Falconi, B Vermersch, Entanglement Hamiltonians - from field theory to lattice models & experiments, Ann Phys 2022,534, 2200064
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Lattice Bisognano-Wichmann & beyond
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βℓ

A

A

A

Ĥ = ∑
ℓ

ĥℓ k-local Hamiltonian

EH as local deformation 
of system Hamiltonian

BW recipe

ℓ

βℓ

ℓ

ramp

parabola

H̃A = ∑
ℓ∈A

βℓ ĥℓ + …

ground state of many-body lattice model

gℓ

ℓ

ρA = e−H̃A

entanglement

Hamiltonian

Gibbs state with local 
inverse temperature

Review: M Dalmonte, V Eisler, M Falconi, B Vermersch, Entanglement Hamiltonians - from field theory to lattice models & experiments, Ann Phys 2022,534, 2200064
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parabolic deformation!
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Numerical example: Heisenberg model 1D

 DMRG
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βℓ

A

A

A

Ĥ = ∑
ℓ

ĥℓ k-local Hamiltonian

EH as local deformation 
of system Hamiltonian

BW recipe

ℓ

βℓ

ℓ

ramp

parabola

H̃A = ∑
ℓ∈A

βℓ ĥℓ + …

ground state of many-body lattice model

gℓ

ℓ

ρA = e−H̃A

entanglement

Hamiltonian

2. suggests an efficient ansatz  
to `learn' Entanglement Hamiltonian

Gibbs state with local 
inverse temperature

Review: M Dalmonte, V Eisler, M Falconi, B Vermersch, Entanglement Hamiltonians - from field theory to lattice models & experiments, Ann Phys 2022,534, 2200064
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Many-Body Problem

Hamiltonian

Ĥ = ∑
j

ĥj k-local 

|ΨE⟩

|ΨG⟩

excited state

ground state
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| i

volume law 
entanglementSA ∝ V = Ld

A

thermal entropy

area law 
entanglementSA ∝ Ld−1

A

 CFT  ∼ c log LA d = 1

Example: XXZ / Heisenberg model (1D)

ĤT = J
N−1

∑
i=1

( ̂Sx
i

̂Sx
i+1 + ̂Sy

i
̂Sy
i+1) + Δ

N−1

∑
i=1

̂Sz
i

̂Sz
i+1

J
Δ

−J gapless gapped

Heisenberg

∼ LA
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Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure
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| i

volume law 
entanglementSA ∝ V = Ld

A

thermal entropy

area law 
entanglementSA ∝ Ld−1

A

 CFT  ∼ c log LA d = 1

q-simulators can represent volume 
law states → quantum advantage

classical simulations with tensor 
networks

∼ LA
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Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure

k-local 
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Eigenstate Thermalization Hypothesis (ETH):
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<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

reduced density matrix of a subsystem    : 
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="4IV7UtEXZBehOFT6BRIIUM2krDo=">AAACFnicbVDLSgNBEJz1GeMr6k0vg0EQhLCroh6DXjxGMA9IQpiddJIhs7PLTK+4LAE/wy/wql/gTbx69QP8D3eTPZjEgoaiqpvuLjeQwqBtf1sLi0vLK6u5tfz6xubWdmFnt2b8UHOocl/6uuEyA1IoqKJACY1AA/NcCXV3eJP69QfQRvjqHqMA2h7rK9ETnGEidQr7J7RFaQvhEWPXD1WX6YgiaM+MOoWiXbLHoPPEyUiRZKh0Cj+trs9DDxRyyYxpOnaA7ZhpFFzCKN8KDQSMD1kfmglVzAPTjsc/jOhRonRpz9dJKaRj9e9EzDxjIs9NOj2GAzPrpeJ/XjPE3lU7FioIERSfLOqFkqJP00BoV2jgKKOEMK5FcivlA6YZT1KY3uJqNgRMc3FmU5gntdOSc1E6uzsvlq+zhHLkgBySY+KQS1Imt6RCqoSTJ/JCXsmb9Wy9Wx/W56R1wcpm9sgUrK9fotqfvg==</latexit>

+ boundary terms

<latexit sha1_base64="VQi/MRNew5Ct2woByEYPdUWiWig=">AAACJHicbZC5TgMxEIa93DcBShqLCImGaBcQUHI0KYNEAJEN0awzS6x4D9mziGi1r8Bj8AS08AR0iIKGjvfACSm4fsnSr39mNOMvSJU05Lpvzsjo2PjE5NT0zOzc/MJiaWn5zCSZFlgXiUr0RQAGlYyxTpIUXqQaIQoUngfd4379/Aa1kUl8Sr0UmxFcxzKUAshGrdKGD2mqk1vuhxpE7hX5ZcHxKt/0AyTgfgcorxatw6JVKrsVdyD+13hDU2ZD1VqlD7+diCzCmIQCYxqem1IzB01SKCxm/MxgCqIL19iwNoYITTMf/Kjg6zZp8zDR9sXEB+n3iRwiY3pRYDsjoI75XeuH/9UaGYX7zVzGaUYYi69FYaY4JbyPh7elRkGqZw0ILe2tXHTAoiEL8ceWQEMXqc/F+03hrznbqni7le2TnfLB0ZDQFFtla2yDeWyPHbAqq7E6E+yOPbBH9uTcO8/Oi/P61TriDGdW2A85758Up6W9</latexit>

⇡ 1

Z
e��ĤA

<latexit sha1_base64="vwzb/eVQ3/8HKYTEeFs5gPWjvMM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj14jGCeUCyhNlJbzJmdnaZ6RVCyMUv8Kpf4E28+id+gP/hJNmDSSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vZrJk41hyqPZawbATMghYIqCpTQSDSwKJBQD/q3Y7/+BNqIWD3gIAE/Yl0lQsEZWqnW0r24fd0uFN2SOwFdJF5GiiRDpV34aXVinkagkEtmTNNzE/SHTKPgEkb5VmogYbzPutC0VLEIjD+cXDuix1bp0DDWthTSifp3YsgiYwZRYDsjhj0z743F/7xmiuGVPxQqSREUny4KU0kxpuPXaUdo4CgHljCuhb2V8h7TjKMNaGZLoFkfcGRz8eZTWCS105J3UTq7Py+Wb7KEcuSQHJET4pFLUiZ3pEKqhJNH8kJeyZvz7Lw7H87ntHXJyWYOyAycr18Qy5db</latexit>⇢A

<latexit sha1_base64="f4KbYLes3kv+nLoD5GkRIb2p8KQ="></latexit>

hÔAi =
Tr

⇣
ÔAe

��Ĥ

⌘

Tr
⇣
e��Ĥ

⌘
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<latexit sha1_base64="HXMhJk2U9bhbJevYZsKyb9p+zCw="></latexit>

⇡ 1

Z
e�

P
i �iĥi

local temperature profile

<latexit sha1_base64="ReUt5RGtImGilcxzl8/0FUOfebQ=">AAACFnicbVDLSsNAFJ34rPUVdaebwSK4KomKuhGKbrqsYB/QljCZTpqhk0mYuRFKCPgZfoFb/QJ34tatH+B/OH0sbOuBC4dz7uXee/xEcA2O820tLa+srq0XNoqbW9s7u/befkPHqaKsTmMRq5ZPNBNcsjpwEKyVKEYiX7CmP7gb+c1HpjSP5QMME9aNSF/ygFMCRvLsw05IIKvm+AZ3dBp5HI+FMPe4Z5ecsjMGXiTulJTQFDXP/un0YppGTAIVROu26yTQzYgCTgXLi51Us4TQAemztqGSREx3s/EPOT4xSg8HsTIlAY/VvxMZibQeRr7pjAiEet4bif957RSC627GZZICk3SyKEgFhhiPAsE9rhgFMTSEUMXNrZiGRBEKJraZLb4iAwa5ycWdT2GRNM7K7mX5/P6iVLmdJlRAR+gYnSIXXaEKqqIaqiOKntALekVv1rP1bn1Yn5PWJWs6c4BmYH39Aq0mn78=</latexit>

Ĥ =
X

i

ĥilocal Hamiltonian:

reduced density matrix of a subsystem    : 
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="4IV7UtEXZBehOFT6BRIIUM2krDo=">AAACFnicbVDLSgNBEJz1GeMr6k0vg0EQhLCroh6DXjxGMA9IQpiddJIhs7PLTK+4LAE/wy/wql/gTbx69QP8D3eTPZjEgoaiqpvuLjeQwqBtf1sLi0vLK6u5tfz6xubWdmFnt2b8UHOocl/6uuEyA1IoqKJACY1AA/NcCXV3eJP69QfQRvjqHqMA2h7rK9ETnGEidQr7J7RFaQvhEWPXD1WX6YgiaM+MOoWiXbLHoPPEyUiRZKh0Cj+trs9DDxRyyYxpOnaA7ZhpFFzCKN8KDQSMD1kfmglVzAPTjsc/jOhRonRpz9dJKaRj9e9EzDxjIs9NOj2GAzPrpeJ/XjPE3lU7FioIERSfLOqFkqJP00BoV2jgKKOEMK5FcivlA6YZT1KY3uJqNgRMc3FmU5gntdOSc1E6uzsvlq+zhHLkgBySY+KQS1Imt6RCqoSTJ/JCXsmb9Wy9Wx/W56R1wcpm9sgUrK9fotqfvg==</latexit>

+ boundary terms

<latexit sha1_base64="VQi/MRNew5Ct2woByEYPdUWiWig=">AAACJHicbZC5TgMxEIa93DcBShqLCImGaBcQUHI0KYNEAJEN0awzS6x4D9mziGi1r8Bj8AS08AR0iIKGjvfACSm4fsnSr39mNOMvSJU05Lpvzsjo2PjE5NT0zOzc/MJiaWn5zCSZFlgXiUr0RQAGlYyxTpIUXqQaIQoUngfd4379/Aa1kUl8Sr0UmxFcxzKUAshGrdKGD2mqk1vuhxpE7hX5ZcHxKt/0AyTgfgcorxatw6JVKrsVdyD+13hDU2ZD1VqlD7+diCzCmIQCYxqem1IzB01SKCxm/MxgCqIL19iwNoYITTMf/Kjg6zZp8zDR9sXEB+n3iRwiY3pRYDsjoI75XeuH/9UaGYX7zVzGaUYYi69FYaY4JbyPh7elRkGqZw0ILe2tXHTAoiEL8ceWQEMXqc/F+03hrznbqni7le2TnfLB0ZDQFFtla2yDeWyPHbAqq7E6E+yOPbBH9uTcO8/Oi/P61TriDGdW2A85758Up6W9</latexit>

⇡ 1

Z
e��ĤA

<latexit sha1_base64="vwzb/eVQ3/8HKYTEeFs5gPWjvMM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj14jGCeUCyhNlJbzJmdnaZ6RVCyMUv8Kpf4E28+id+gP/hJNmDSSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vZrJk41hyqPZawbATMghYIqCpTQSDSwKJBQD/q3Y7/+BNqIWD3gIAE/Yl0lQsEZWqnW0r24fd0uFN2SOwFdJF5GiiRDpV34aXVinkagkEtmTNNzE/SHTKPgEkb5VmogYbzPutC0VLEIjD+cXDuix1bp0DDWthTSifp3YsgiYwZRYDsjhj0z743F/7xmiuGVPxQqSREUny4KU0kxpuPXaUdo4CgHljCuhb2V8h7TjKMNaGZLoFkfcGRz8eZTWCS105J3UTq7Py+Wb7KEcuSQHJET4pFLUiZ3pEKqhJNH8kJeyZvz7Lw7H87ntHXJyWYOyAycr18Qy5db</latexit>⇢A
<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k
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Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis
Eigenstate Thermalization Hypothesis (ETH):
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<latexit sha1_base64="HXMhJk2U9bhbJevYZsKyb9p+zCw="></latexit>

⇡ 1

Z
e�

P
i �iĥi

local temperature profile

<latexit sha1_base64="ReUt5RGtImGilcxzl8/0FUOfebQ=">AAACFnicbVDLSsNAFJ34rPUVdaebwSK4KomKuhGKbrqsYB/QljCZTpqhk0mYuRFKCPgZfoFb/QJ34tatH+B/OH0sbOuBC4dz7uXee/xEcA2O820tLa+srq0XNoqbW9s7u/befkPHqaKsTmMRq5ZPNBNcsjpwEKyVKEYiX7CmP7gb+c1HpjSP5QMME9aNSF/ygFMCRvLsw05IIKvm+AZ3dBp5HI+FMPe4Z5ecsjMGXiTulJTQFDXP/un0YppGTAIVROu26yTQzYgCTgXLi51Us4TQAemztqGSREx3s/EPOT4xSg8HsTIlAY/VvxMZibQeRr7pjAiEet4bif957RSC627GZZICk3SyKEgFhhiPAsE9rhgFMTSEUMXNrZiGRBEKJraZLb4iAwa5ycWdT2GRNM7K7mX5/P6iVLmdJlRAR+gYnSIXXaEKqqIaqiOKntALekVv1rP1bn1Yn5PWJWs6c4BmYH39Aq0mn78=</latexit>

Ĥ =
X

i

ĥilocal Hamiltonian:

reduced density matrix of a subsystem    : 
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="4IV7UtEXZBehOFT6BRIIUM2krDo=">AAACFnicbVDLSgNBEJz1GeMr6k0vg0EQhLCroh6DXjxGMA9IQpiddJIhs7PLTK+4LAE/wy/wql/gTbx69QP8D3eTPZjEgoaiqpvuLjeQwqBtf1sLi0vLK6u5tfz6xubWdmFnt2b8UHOocl/6uuEyA1IoqKJACY1AA/NcCXV3eJP69QfQRvjqHqMA2h7rK9ETnGEidQr7J7RFaQvhEWPXD1WX6YgiaM+MOoWiXbLHoPPEyUiRZKh0Cj+trs9DDxRyyYxpOnaA7ZhpFFzCKN8KDQSMD1kfmglVzAPTjsc/jOhRonRpz9dJKaRj9e9EzDxjIs9NOj2GAzPrpeJ/XjPE3lU7FioIERSfLOqFkqJP00BoV2jgKKOEMK5FcivlA6YZT1KY3uJqNgRMc3FmU5gntdOSc1E6uzsvlq+zhHLkgBySY+KQS1Imt6RCqoSTJ/JCXsmb9Wy9Wx/W56R1wcpm9sgUrK9fotqfvg==</latexit>

+ boundary terms

<latexit sha1_base64="VQi/MRNew5Ct2woByEYPdUWiWig=">AAACJHicbZC5TgMxEIa93DcBShqLCImGaBcQUHI0KYNEAJEN0awzS6x4D9mziGi1r8Bj8AS08AR0iIKGjvfACSm4fsnSr39mNOMvSJU05Lpvzsjo2PjE5NT0zOzc/MJiaWn5zCSZFlgXiUr0RQAGlYyxTpIUXqQaIQoUngfd4379/Aa1kUl8Sr0UmxFcxzKUAshGrdKGD2mqk1vuhxpE7hX5ZcHxKt/0AyTgfgcorxatw6JVKrsVdyD+13hDU2ZD1VqlD7+diCzCmIQCYxqem1IzB01SKCxm/MxgCqIL19iwNoYITTMf/Kjg6zZp8zDR9sXEB+n3iRwiY3pRYDsjoI75XeuH/9UaGYX7zVzGaUYYi69FYaY4JbyPh7elRkGqZw0ILe2tXHTAoiEL8ceWQEMXqc/F+03hrznbqni7le2TnfLB0ZDQFFtla2yDeWyPHbAqq7E6E+yOPbBH9uTcO8/Oi/P61TriDGdW2A85758Up6W9</latexit>

⇡ 1

Z
e��ĤA

<latexit sha1_base64="vwzb/eVQ3/8HKYTEeFs5gPWjvMM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj14jGCeUCyhNlJbzJmdnaZ6RVCyMUv8Kpf4E28+id+gP/hJNmDSSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vZrJk41hyqPZawbATMghYIqCpTQSDSwKJBQD/q3Y7/+BNqIWD3gIAE/Yl0lQsEZWqnW0r24fd0uFN2SOwFdJF5GiiRDpV34aXVinkagkEtmTNNzE/SHTKPgEkb5VmogYbzPutC0VLEIjD+cXDuix1bp0DDWthTSifp3YsgiYwZRYDsjhj0z743F/7xmiuGVPxQqSREUny4KU0kxpuPXaUdo4CgHljCuhb2V8h7TjKMNaGZLoFkfcGRz8eZTWCS105J3UTq7Py+Wb7KEcuSQHJET4pFLUiZ3pEKqhJNH8kJeyZvz7Lw7H87ntHXJyWYOyAycr18Qy5db</latexit>⇢A
<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k
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Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis
Eigenstate Thermalization Hypothesis (ETH):
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<latexit sha1_base64="HXMhJk2U9bhbJevYZsKyb9p+zCw="></latexit>

⇡ 1

Z
e�

P
i �iĥi

local temperature profile

<latexit sha1_base64="ReUt5RGtImGilcxzl8/0FUOfebQ=">AAACFnicbVDLSsNAFJ34rPUVdaebwSK4KomKuhGKbrqsYB/QljCZTpqhk0mYuRFKCPgZfoFb/QJ34tatH+B/OH0sbOuBC4dz7uXee/xEcA2O820tLa+srq0XNoqbW9s7u/befkPHqaKsTmMRq5ZPNBNcsjpwEKyVKEYiX7CmP7gb+c1HpjSP5QMME9aNSF/ygFMCRvLsw05IIKvm+AZ3dBp5HI+FMPe4Z5ecsjMGXiTulJTQFDXP/un0YppGTAIVROu26yTQzYgCTgXLi51Us4TQAemztqGSREx3s/EPOT4xSg8HsTIlAY/VvxMZibQeRr7pjAiEet4bif957RSC627GZZICk3SyKEgFhhiPAsE9rhgFMTSEUMXNrZiGRBEKJraZLb4iAwa5ycWdT2GRNM7K7mX5/P6iVLmdJlRAR+gYnSIXXaEKqqIaqiOKntALekVv1rP1bn1Yn5PWJWs6c4BmYH39Aq0mn78=</latexit>

Ĥ =
X

i

ĥilocal Hamiltonian:

reduced density matrix of a subsystem    : 
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="4IV7UtEXZBehOFT6BRIIUM2krDo=">AAACFnicbVDLSgNBEJz1GeMr6k0vg0EQhLCroh6DXjxGMA9IQpiddJIhs7PLTK+4LAE/wy/wql/gTbx69QP8D3eTPZjEgoaiqpvuLjeQwqBtf1sLi0vLK6u5tfz6xubWdmFnt2b8UHOocl/6uuEyA1IoqKJACY1AA/NcCXV3eJP69QfQRvjqHqMA2h7rK9ETnGEidQr7J7RFaQvhEWPXD1WX6YgiaM+MOoWiXbLHoPPEyUiRZKh0Cj+trs9DDxRyyYxpOnaA7ZhpFFzCKN8KDQSMD1kfmglVzAPTjsc/jOhRonRpz9dJKaRj9e9EzDxjIs9NOj2GAzPrpeJ/XjPE3lU7FioIERSfLOqFkqJP00BoV2jgKKOEMK5FcivlA6YZT1KY3uJqNgRMc3FmU5gntdOSc1E6uzsvlq+zhHLkgBySY+KQS1Imt6RCqoSTJ/JCXsmb9Wy9Wx/W56R1wcpm9sgUrK9fotqfvg==</latexit>

+ boundary terms

<latexit sha1_base64="VQi/MRNew5Ct2woByEYPdUWiWig=">AAACJHicbZC5TgMxEIa93DcBShqLCImGaBcQUHI0KYNEAJEN0awzS6x4D9mziGi1r8Bj8AS08AR0iIKGjvfACSm4fsnSr39mNOMvSJU05Lpvzsjo2PjE5NT0zOzc/MJiaWn5zCSZFlgXiUr0RQAGlYyxTpIUXqQaIQoUngfd4379/Aa1kUl8Sr0UmxFcxzKUAshGrdKGD2mqk1vuhxpE7hX5ZcHxKt/0AyTgfgcorxatw6JVKrsVdyD+13hDU2ZD1VqlD7+diCzCmIQCYxqem1IzB01SKCxm/MxgCqIL19iwNoYITTMf/Kjg6zZp8zDR9sXEB+n3iRwiY3pRYDsjoI75XeuH/9UaGYX7zVzGaUYYi69FYaY4JbyPh7elRkGqZw0ILe2tXHTAoiEL8ceWQEMXqc/F+03hrznbqni7le2TnfLB0ZDQFFtla2yDeWyPHbAqq7E6E+yOPbBH9uTcO8/Oi/P61TriDGdW2A85758Up6W9</latexit>

⇡ 1

Z
e��ĤA

<latexit sha1_base64="vwzb/eVQ3/8HKYTEeFs5gPWjvMM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj14jGCeUCyhNlJbzJmdnaZ6RVCyMUv8Kpf4E28+id+gP/hJNmDSSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vZrJk41hyqPZawbATMghYIqCpTQSDSwKJBQD/q3Y7/+BNqIWD3gIAE/Yl0lQsEZWqnW0r24fd0uFN2SOwFdJF5GiiRDpV34aXVinkagkEtmTNNzE/SHTKPgEkb5VmogYbzPutC0VLEIjD+cXDuix1bp0DDWthTSifp3YsgiYwZRYDsjhj0z743F/7xmiuGVPxQqSREUny4KU0kxpuPXaUdo4CgHljCuhb2V8h7TjKMNaGZLoFkfcGRz8eZTWCS105J3UTq7Py+Wb7KEcuSQHJET4pFLUiZ3pEKqhJNH8kJeyZvz7Lw7H87ntHXJyWYOyAycr18Qy5db</latexit>⇢A

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="myIWVfLqwlBmsSgsJesstNJR4oo=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqDeDXjwmYB6QLGF20psMmX0w0yuEZb/Aq36BN/Hqx/gB/oeTZA8msaChqOqmu8uLpdBo299WYW19Y3OruF3a2d3bPygfHrV0lCgOTR7JSHU8pkGKEJooUEInVsACT0LbGz9M/fYzKC2i8AknMbgBG4bCF5yhkRp3/XLFrtoz0FXi5KRCctT75Z/eIOJJACFyybTuOnaMbsoUCi4hK/USDTHjYzaErqEhC0C76ezQjJ4ZZUD9SJkKkc7UvxMpC7SeBJ7pDBiO9LI3Ff/zugn6t24qwjhBCPl8kZ9IihGdfk0HQgFHOTGEcSXMrZSPmGIcTTYLWzzFxoCZycVZTmGVtC6qznX1snFVqd3nCRXJCTkl58QhN6RGHkmdNAknQF7IK3mzMuvd+rA+560FK585Jguwvn4BGhWVIw==</latexit>

?

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5

�22.4

�22.3

�22.2

�22.1

�22

�21.9

�21.8

�21.7

�21.6

�21.5

<latexit sha1_base64="wk/PbZR7gjMgXordNPkzYW6wK2M="></latexit>

SVN
A =⇠ hĤAi

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis
Eigenstate Thermalization Hypothesis (ETH):



<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5
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�22.1

�22

�21.9

�21.8

�21.7

�21.6

�21.5

EH from CFT for ground state: 
(at the critical point)

with 

<latexit sha1_base64="JZcB+a6Wz7rema+Z7sM6rljUkS4="></latexit>

⇢A =
1

Z
exp


�

Z

A
dx�(x)H(x)

�

<latexit sha1_base64="a+j0qJENUJ8tCG0fgZDjWVFawoc=">AAACEnicbVA7T8MwGHR4lvIKMLJYVEjtQJVU5TEWWBgYikQfUpNWjuu0Vp2HbAe1ivIbWPgrLAwgxMrExr/BaTNAy0mWznffJ/vOCRkV0jC+taXlldW19dxGfnNre2dX39tviiDimDRwwALedpAgjPqkIalkpB1ygjyHkZYzuk791gPhggb+vZyExPbQwKcuxUgqqaeXLIdIVByXoBXyIJQBtFyOcHzbu+xW4AmsjruVJL0lPb1glI0p4CIxM1IAGeo9/cvqBzjyiC8xQ0J0TCOUdoy4pJiRJG9FgoQIj9CAdBT1kUeEHU8jJfBYKX3oBlwdX8Kp+nsjRp4QE89Rkx6SQzHvpeJ/XieS7oUdUz+MJPHx7CE3YlAlT/uBfcoJlmyiCMKcqr9CPESqEqlazKsSzPnIi6RZKZtn5dO7aqF2ldWRA4fgCBSBCc5BDdyAOmgADB7BM3gFb9qT9qK9ax+z0SUt2zkAf6B9/gDFjZxJ</latexit>

�(x) / L2
A � 4x2

LA

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

ρA ∼ e−∑i∈A βiĥi

Parametrization as Gibbs state with local 
inverse temperature

local temperature



with 

<latexit sha1_base64="JZcB+a6Wz7rema+Z7sM6rljUkS4="></latexit>

⇢A =
1

Z
exp


�

Z

A
dx�(x)H(x)

�

<latexit sha1_base64="a+j0qJENUJ8tCG0fgZDjWVFawoc=">AAACEnicbVA7T8MwGHR4lvIKMLJYVEjtQJVU5TEWWBgYikQfUpNWjuu0Vp2HbAe1ivIbWPgrLAwgxMrExr/BaTNAy0mWznffJ/vOCRkV0jC+taXlldW19dxGfnNre2dX39tviiDimDRwwALedpAgjPqkIalkpB1ygjyHkZYzuk791gPhggb+vZyExPbQwKcuxUgqqaeXLIdIVByXoBXyIJQBtFyOcHzbu+xW4AmsjruVJL0lPb1glI0p4CIxM1IAGeo9/cvqBzjyiC8xQ0J0TCOUdoy4pJiRJG9FgoQIj9CAdBT1kUeEHU8jJfBYKX3oBlwdX8Kp+nsjRp4QE89Rkx6SQzHvpeJ/XieS7oUdUz+MJPHx7CE3YlAlT/uBfcoJlmyiCMKcqr9CPESqEqlazKsSzPnIi6RZKZtn5dO7aqF2ldWRA4fgCBSBCc5BDdyAOmgADB7BM3gFb9qT9qK9ax+z0SUt2zkAf6B9/gDFjZxJ</latexit>

�(x) / L2
A � 4x2

LA

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5

�22.4

�22.3

�22.2

�22.1

�22

�21.9

�21.8

�21.7

�21.6

�21.5

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

EH from CFT for ground state: 
(at the critical point)

ρA ∼ e−∑i∈A βiĥi

Parametrization as Gibbs state with local 
inverse temperature

local temperature



with 

<latexit sha1_base64="JZcB+a6Wz7rema+Z7sM6rljUkS4="></latexit>

⇢A =
1

Z
exp


�

Z

A
dx�(x)H(x)

�

<latexit sha1_base64="a+j0qJENUJ8tCG0fgZDjWVFawoc=">AAACEnicbVA7T8MwGHR4lvIKMLJYVEjtQJVU5TEWWBgYikQfUpNWjuu0Vp2HbAe1ivIbWPgrLAwgxMrExr/BaTNAy0mWznffJ/vOCRkV0jC+taXlldW19dxGfnNre2dX39tviiDimDRwwALedpAgjPqkIalkpB1ygjyHkZYzuk791gPhggb+vZyExPbQwKcuxUgqqaeXLIdIVByXoBXyIJQBtFyOcHzbu+xW4AmsjruVJL0lPb1glI0p4CIxM1IAGeo9/cvqBzjyiC8xQ0J0TCOUdoy4pJiRJG9FgoQIj9CAdBT1kUeEHU8jJfBYKX3oBlwdX8Kp+nsjRp4QE89Rkx6SQzHvpeJ/XieS7oUdUz+MJPHx7CE3YlAlT/uBfcoJlmyiCMKcqr9CPESqEqlazKsSzPnIi6RZKZtn5dO7aqF2ldWRA4fgCBSBCc5BDdyAOmgADB7BM3gFb9qT9qK9ax+z0SUt2zkAf6B9/gDFjZxJ</latexit>

�(x) / L2
A � 4x2

LA

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5

�22.4

�22.3

�22.2

�22.1

�22
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�21.8

�21.7
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<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

EH from CFT for ground state: 
(at the critical point)

ρA ∼ e−∑i∈A βiĥi

Parametrization as Gibbs state with local 
inverse temperature

local temperature



with 

<latexit sha1_base64="JZcB+a6Wz7rema+Z7sM6rljUkS4="></latexit>

⇢A =
1

Z
exp


�

Z

A
dx�(x)H(x)

�

<latexit sha1_base64="a+j0qJENUJ8tCG0fgZDjWVFawoc=">AAACEnicbVA7T8MwGHR4lvIKMLJYVEjtQJVU5TEWWBgYikQfUpNWjuu0Vp2HbAe1ivIbWPgrLAwgxMrExr/BaTNAy0mWznffJ/vOCRkV0jC+taXlldW19dxGfnNre2dX39tviiDimDRwwALedpAgjPqkIalkpB1ygjyHkZYzuk791gPhggb+vZyExPbQwKcuxUgqqaeXLIdIVByXoBXyIJQBtFyOcHzbu+xW4AmsjruVJL0lPb1glI0p4CIxM1IAGeo9/cvqBzjyiC8xQ0J0TCOUdoy4pJiRJG9FgoQIj9CAdBT1kUeEHU8jJfBYKX3oBlwdX8Kp+nsjRp4QE89Rkx6SQzHvpeJ/XieS7oUdUz+MJPHx7CE3YlAlT/uBfcoJlmyiCMKcqr9CPESqEqlazKsSzPnIi6RZKZtn5dO7aqF2ldWRA4fgCBSBCc5BDdyAOmgADB7BM3gFb9qT9qK9ax+z0SUt2zkAf6B9/gDFjZxJ</latexit>

�(x) / L2
A � 4x2

LA

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5
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<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

EH from CFT for ground state: 
(at the critical point)

ρA ∼ e−∑i∈A βiĥi

Parametrization as Gibbs state with local 
inverse temperature

local temperature



with 

<latexit sha1_base64="JZcB+a6Wz7rema+Z7sM6rljUkS4="></latexit>

⇢A =
1

Z
exp


�

Z

A
dx�(x)H(x)

�

<latexit sha1_base64="a+j0qJENUJ8tCG0fgZDjWVFawoc=">AAACEnicbVA7T8MwGHR4lvIKMLJYVEjtQJVU5TEWWBgYikQfUpNWjuu0Vp2HbAe1ivIbWPgrLAwgxMrExr/BaTNAy0mWznffJ/vOCRkV0jC+taXlldW19dxGfnNre2dX39tviiDimDRwwALedpAgjPqkIalkpB1ygjyHkZYzuk791gPhggb+vZyExPbQwKcuxUgqqaeXLIdIVByXoBXyIJQBtFyOcHzbu+xW4AmsjruVJL0lPb1glI0p4CIxM1IAGeo9/cvqBzjyiC8xQ0J0TCOUdoy4pJiRJG9FgoQIj9CAdBT1kUeEHU8jJfBYKX3oBlwdX8Kp+nsjRp4QE89Rkx6SQzHvpeJ/XieS7oUdUz+MJPHx7CE3YlAlT/uBfcoJlmyiCMKcqr9CPESqEqlazKsSzPnIi6RZKZtn5dO7aqF2ldWRA4fgCBSBCc5BDdyAOmgADB7BM3gFb9qT9qK9ax+z0SUt2zkAf6B9/gDFjZxJ</latexit>

�(x) / L2
A � 4x2

LA

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5

�22.4

�22.3

�22.2

�22.1

�22

�21.9

�21.8

�21.7

�21.6

�21.5

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

EH from CFT for ground state: 
(at the critical point)

ρA ∼ e−∑i∈A βiĥi

Parametrization as Gibbs state with local 
inverse temperature

local temperature



<latexit sha1_base64="HXMhJk2U9bhbJevYZsKyb9p+zCw="></latexit>

⇡ 1

Z
e�

P
i �iĥi

local temperature profile

<latexit sha1_base64="ReUt5RGtImGilcxzl8/0FUOfebQ=">AAACFnicbVDLSsNAFJ34rPUVdaebwSK4KomKuhGKbrqsYB/QljCZTpqhk0mYuRFKCPgZfoFb/QJ34tatH+B/OH0sbOuBC4dz7uXee/xEcA2O820tLa+srq0XNoqbW9s7u/befkPHqaKsTmMRq5ZPNBNcsjpwEKyVKEYiX7CmP7gb+c1HpjSP5QMME9aNSF/ygFMCRvLsw05IIKvm+AZ3dBp5HI+FMPe4Z5ecsjMGXiTulJTQFDXP/un0YppGTAIVROu26yTQzYgCTgXLi51Us4TQAemztqGSREx3s/EPOT4xSg8HsTIlAY/VvxMZibQeRr7pjAiEet4bif957RSC627GZZICk3SyKEgFhhiPAsE9rhgFMTSEUMXNrZiGRBEKJraZLb4iAwa5ycWdT2GRNM7K7mX5/P6iVLmdJlRAR+gYnSIXXaEKqqIaqiOKntALekVv1rP1bn1Yn5PWJWs6c4BmYH39Aq0mn78=</latexit>

Ĥ =
X

i

ĥilocal Hamiltonian:

reduced density matrix of a subsystem    : 
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="4IV7UtEXZBehOFT6BRIIUM2krDo=">AAACFnicbVDLSgNBEJz1GeMr6k0vg0EQhLCroh6DXjxGMA9IQpiddJIhs7PLTK+4LAE/wy/wql/gTbx69QP8D3eTPZjEgoaiqpvuLjeQwqBtf1sLi0vLK6u5tfz6xubWdmFnt2b8UHOocl/6uuEyA1IoqKJACY1AA/NcCXV3eJP69QfQRvjqHqMA2h7rK9ETnGEidQr7J7RFaQvhEWPXD1WX6YgiaM+MOoWiXbLHoPPEyUiRZKh0Cj+trs9DDxRyyYxpOnaA7ZhpFFzCKN8KDQSMD1kfmglVzAPTjsc/jOhRonRpz9dJKaRj9e9EzDxjIs9NOj2GAzPrpeJ/XjPE3lU7FioIERSfLOqFkqJP00BoV2jgKKOEMK5FcivlA6YZT1KY3uJqNgRMc3FmU5gntdOSc1E6uzsvlq+zhHLkgBySY+KQS1Imt6RCqoSTJ/JCXsmb9Wy9Wx/W56R1wcpm9sgUrK9fotqfvg==</latexit>

+ boundary terms

<latexit sha1_base64="VQi/MRNew5Ct2woByEYPdUWiWig=">AAACJHicbZC5TgMxEIa93DcBShqLCImGaBcQUHI0KYNEAJEN0awzS6x4D9mziGi1r8Bj8AS08AR0iIKGjvfACSm4fsnSr39mNOMvSJU05Lpvzsjo2PjE5NT0zOzc/MJiaWn5zCSZFlgXiUr0RQAGlYyxTpIUXqQaIQoUngfd4379/Aa1kUl8Sr0UmxFcxzKUAshGrdKGD2mqk1vuhxpE7hX5ZcHxKt/0AyTgfgcorxatw6JVKrsVdyD+13hDU2ZD1VqlD7+diCzCmIQCYxqem1IzB01SKCxm/MxgCqIL19iwNoYITTMf/Kjg6zZp8zDR9sXEB+n3iRwiY3pRYDsjoI75XeuH/9UaGYX7zVzGaUYYi69FYaY4JbyPh7elRkGqZw0ILe2tXHTAoiEL8ceWQEMXqc/F+03hrznbqni7le2TnfLB0ZDQFFtla2yDeWyPHbAqq7E6E+yOPbBH9uTcO8/Oi/P61TriDGdW2A85758Up6W9</latexit>

⇡ 1

Z
e��ĤA

<latexit sha1_base64="vwzb/eVQ3/8HKYTEeFs5gPWjvMM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj14jGCeUCyhNlJbzJmdnaZ6RVCyMUv8Kpf4E28+id+gP/hJNmDSSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vZrJk41hyqPZawbATMghYIqCpTQSDSwKJBQD/q3Y7/+BNqIWD3gIAE/Yl0lQsEZWqnW0r24fd0uFN2SOwFdJF5GiiRDpV34aXVinkagkEtmTNNzE/SHTKPgEkb5VmogYbzPutC0VLEIjD+cXDuix1bp0DDWthTSifp3YsgiYwZRYDsjhj0z743F/7xmiuGVPxQqSREUny4KU0kxpuPXaUdo4CgHljCuhb2V8h7TjKMNaGZLoFkfcGRz8eZTWCS105J3UTq7Py+Wb7KEcuSQHJET4pFLUiZ3pEKqhJNH8kJeyZvz7Lw7H87ntHXJyWYOyAycr18Qy5db</latexit>⇢A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5

�22.4

�22.3

�22.2

�22.1

�22

�21.9

�21.8

�21.7

�21.6

�21.5

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

hot hotcold

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="PHwkHB3IBv5ZlxhSGNGG0PIz9og=">AAACCHicdVDLSsNAFJ3UV62vqks3g0Wom5DUUNtdxY0LFxXsA5pYJtNJO3QmCTMToZT+gF/gVr/Anbj1L/wA/8NJG8GKHrhwOOde7r3HjxmVyrI+jNzK6tr6Rn6zsLW9s7tX3D9oyygRmLRwxCLR9ZEkjIakpahipBsLgrjPSMcfX6Z+554ISaPwVk1i4nE0DGlAMVJaunMl5dBl0bB83b847RdLlll1LKfuQMu05kiJXaladWhnSglkaPaLn+4gwgknocIMSdmzrVh5UyQUxYzMCm4iSYzwGA1JT9MQcSK96fzqGTzRygAGkdAVKjhXf05MEZdywn3dyZEayd9eKv7l9RIV1LwpDeNEkRAvFgUJgyqCaQRwQAXBik00QVhQfSvEIyQQVjqopS2+QGOiZjqX7+fh/6RdMe2qeXbjlBq1LKE8OALHoAxscA4a4Ao0QQtgIMAjeALPxoPxYrwab4vWnJHNHIIlGO9fVI6aKQ==</latexit>

⇠ log(LA)

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

Eigenstate Thermalization Hypothesis (ETH):



<latexit sha1_base64="HXMhJk2U9bhbJevYZsKyb9p+zCw="></latexit>

⇡ 1

Z
e�

P
i �iĥi

local temperature profile

<latexit sha1_base64="ReUt5RGtImGilcxzl8/0FUOfebQ=">AAACFnicbVDLSsNAFJ34rPUVdaebwSK4KomKuhGKbrqsYB/QljCZTpqhk0mYuRFKCPgZfoFb/QJ34tatH+B/OH0sbOuBC4dz7uXee/xEcA2O820tLa+srq0XNoqbW9s7u/befkPHqaKsTmMRq5ZPNBNcsjpwEKyVKEYiX7CmP7gb+c1HpjSP5QMME9aNSF/ygFMCRvLsw05IIKvm+AZ3dBp5HI+FMPe4Z5ecsjMGXiTulJTQFDXP/un0YppGTAIVROu26yTQzYgCTgXLi51Us4TQAemztqGSREx3s/EPOT4xSg8HsTIlAY/VvxMZibQeRr7pjAiEet4bif957RSC627GZZICk3SyKEgFhhiPAsE9rhgFMTSEUMXNrZiGRBEKJraZLb4iAwa5ycWdT2GRNM7K7mX5/P6iVLmdJlRAR+gYnSIXXaEKqqIaqiOKntALekVv1rP1bn1Yn5PWJWs6c4BmYH39Aq0mn78=</latexit>

Ĥ =
X

i

ĥilocal Hamiltonian:

reduced density matrix of a subsystem    : 
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="4IV7UtEXZBehOFT6BRIIUM2krDo=">AAACFnicbVDLSgNBEJz1GeMr6k0vg0EQhLCroh6DXjxGMA9IQpiddJIhs7PLTK+4LAE/wy/wql/gTbx69QP8D3eTPZjEgoaiqpvuLjeQwqBtf1sLi0vLK6u5tfz6xubWdmFnt2b8UHOocl/6uuEyA1IoqKJACY1AA/NcCXV3eJP69QfQRvjqHqMA2h7rK9ETnGEidQr7J7RFaQvhEWPXD1WX6YgiaM+MOoWiXbLHoPPEyUiRZKh0Cj+trs9DDxRyyYxpOnaA7ZhpFFzCKN8KDQSMD1kfmglVzAPTjsc/jOhRonRpz9dJKaRj9e9EzDxjIs9NOj2GAzPrpeJ/XjPE3lU7FioIERSfLOqFkqJP00BoV2jgKKOEMK5FcivlA6YZT1KY3uJqNgRMc3FmU5gntdOSc1E6uzsvlq+zhHLkgBySY+KQS1Imt6RCqoSTJ/JCXsmb9Wy9Wx/W56R1wcpm9sgUrK9fotqfvg==</latexit>

+ boundary terms

<latexit sha1_base64="VQi/MRNew5Ct2woByEYPdUWiWig=">AAACJHicbZC5TgMxEIa93DcBShqLCImGaBcQUHI0KYNEAJEN0awzS6x4D9mziGi1r8Bj8AS08AR0iIKGjvfACSm4fsnSr39mNOMvSJU05Lpvzsjo2PjE5NT0zOzc/MJiaWn5zCSZFlgXiUr0RQAGlYyxTpIUXqQaIQoUngfd4379/Aa1kUl8Sr0UmxFcxzKUAshGrdKGD2mqk1vuhxpE7hX5ZcHxKt/0AyTgfgcorxatw6JVKrsVdyD+13hDU2ZD1VqlD7+diCzCmIQCYxqem1IzB01SKCxm/MxgCqIL19iwNoYITTMf/Kjg6zZp8zDR9sXEB+n3iRwiY3pRYDsjoI75XeuH/9UaGYX7zVzGaUYYi69FYaY4JbyPh7elRkGqZw0ILe2tXHTAoiEL8ceWQEMXqc/F+03hrznbqni7le2TnfLB0ZDQFFtla2yDeWyPHbAqq7E6E+yOPbBH9uTcO8/Oi/P61TriDGdW2A85758Up6W9</latexit>

⇡ 1

Z
e��ĤA

<latexit sha1_base64="vwzb/eVQ3/8HKYTEeFs5gPWjvMM=">AAACAHicbVDLSgNBEJz1GeMr6tHLYBA8hV0V9Rj14jGCeUCyhNlJbzJmdnaZ6RVCyMUv8Kpf4E28+id+gP/hJNmDSSxoKKq66e4KEikMuu63s7S8srq2ntvIb25t7+wW9vZrJk41hyqPZawbATMghYIqCpTQSDSwKJBQD/q3Y7/+BNqIWD3gIAE/Yl0lQsEZWqnW0r24fd0uFN2SOwFdJF5GiiRDpV34aXVinkagkEtmTNNzE/SHTKPgEkb5VmogYbzPutC0VLEIjD+cXDuix1bp0DDWthTSifp3YsgiYwZRYDsjhj0z743F/7xmiuGVPxQqSREUny4KU0kxpuPXaUdo4CgHljCuhb2V8h7TjKMNaGZLoFkfcGRz8eZTWCS105J3UTq7Py+Wb7KEcuSQHJET4pFLUiZ3pEKqhJNH8kJeyZvz7Lw7H87ntHXJyWYOyAycr18Qy5db</latexit>⇢A

Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

Casini, Huerta & Myers, JHEP, 2011(5), 1-41 

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā
<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="AKeDOAXqi9DrXT7Hwu6d9D1p2Yc=">AAACAXicdVDLSsNAFJ3UV62vqks3g0VwFfLQNu6qblxWsA9oQ5lMJ+3QySTMTIQSuvIL3OoXuBO3fokf4H84aStY0QMXDufcy733BAmjUlnWh1FYWV1b3yhulra2d3b3yvsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkH4+vcb98TIWnM79QkIX6EhpyGFCOlpXYvQCK7nPbLFcu03JrtVaFlOm7NsS40Ofdcx3OhbVozVMACjX75szeIcRoRrjBDUnZtK1F+hoSimJFpqZdKkiA8RkPS1ZSjiEg/m507hSdaGcAwFrq4gjP150SGIiknUaA7I6RG8reXi3953VSFnp9RnqSKcDxfFKYMqhjmv8MBFQQrNtEEYUH1rRCPkEBY6YSWtgQCjYnKc/l+Hv5PWo5pV0339qxSv1okVARH4BicAhvUQB3cgAZoAgzG4BE8gWfjwXgxXo23eWvBWMwcgiUY71+AU5g3</latexit>

Ā

cooling to the ground state

<latexit sha1_base64="HPrgQN/UdufoOWxHhfN7hldwf3g=">AAACAXicdVDJSgNBEO2JW4xb1KOXxiB4CpPVeAt68RjBLJAMoadTSZrpWeiuEULIyS/wql/gTbz6JX6A/2FnEsGIPih4vFdFVT03kkKjbX9YqbX1jc2t9HZmZ3dv/yB7eNTSYaw4NHkoQ9VxmQYpAmiiQAmdSAHzXQlt17ue++17UFqEwR1OInB8NgrEUHCGRmr3XEDWF/1szs4Xi+XKZZkmpFqqLkilVqKFvJ0gR5Zo9LOfvUHIYx8C5JJp3S3YETpTplBwCbNML9YQMe6xEXQNDZgP2pkm587omVEGdBgqUwHSRP05MWW+1hPfNZ0+w7H+7c3Fv7xujMOaMxVBFCMEfLFoGEuKIZ3/TgdCAUc5MYRxJcytlI+ZYhxNQitbXMU8wJnJ5ft5+j9pFfOFar50W87Vr5YJpckJOSXnpEAuSJ3ckAZpEk488kieyLP1YL1Yr9bbojVlLWeOyQqs9y9qfZgp</latexit>

�i
<latexit sha1_base64="5s/DFa25kK9s2qwlhPGHlX1xPS4=">AAAB7HicdVBNS8NAEN34WetX1aOXxSJ4ConWVG9FLx4rmLbQhrLZbtqlm03YnQgl9Dd48aCIV3+QN/+N2zaCij4YeLw3w8y8MBVcg+N8WEvLK6tr66WN8ubW9s5uZW+/pZNMUebTRCSqExLNBJfMBw6CdVLFSBwK1g7H1zO/fc+U5om8g0nKgpgMJY84JWAkvxcyIP1K1bHduut6Nbwgl15Bzj3s2s4cVVSg2a+89wYJzWImgQqiddd1UghyooBTwablXqZZSuiYDFnXUElipoN8fuwUHxtlgKNEmZKA5+r3iZzEWk/i0HTGBEb6tzcT//K6GUQXQc5lmgGTdLEoygSGBM8+xwOuGAUxMYRQxc2tmI6IIhRMPmUTwten+H/SOrVdzz67rVUbV0UcJXSIjtAJclEdNdANaiIfUcTRA3pCz5a0Hq0X63XRumQVMwfoB6y3TyXeju4=</latexit>

�

<latexit sha1_base64="Uhr4xJKf/twr7MYWP37ajLWWtiU=">AAAB6HicdVDLTgJBEOzFF+IL9ehlIjHxtJnFFfGGevEIiSAJbMjsMAsjs4/MzJoQwhd48aAxXv0kb/6Ns4CJGq2kk0pVd7q7/ERwpTH+sHJLyyura/n1wsbm1vZOcXevpeJUUtaksYhl2yeKCR6xpuZasHYiGQl9wW790VXm394zqXgc3ehxwryQDCIecEq0kRoXvWIJ2xUXu+dVhG1s4J5mxClXsIucmYJxCRao94rv3X5M05BFmgqiVMfBifYmRGpOBZsWuqliCaEjMmAdQyMSMuVNZodO0ZFR+iiIpalIo5n6fWJCQqXGoW86Q6KH6reXiX95nVQHVW/CoyTVLKLzRUEqkI5R9jXqc8moFmNDCJXc3IrokEhCtcmmYEL4+hT9T1pl26nYJw23VLtcxJGHAziEY3DgDGpwDXVoAgUGD/AEz9ad9Wi9WK/z1py1mNmHH7DePgHipI0C</latexit>

A

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

�2 �1 0 1 2
�22.6

�22.5

�22.4

�22.3

�22.2

�22.1

�22

�21.9

�21.8

�21.7

�21.6

�21.5

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="m5J7/olidggBEzlatYSEsylT6sc=">AAACAnicdVDLSsNAFJ34rPVVdelmsAiuQlJDbXcVNy5cVLAPaEOZTCft0JlJmJkIJXTnF7jVL3Anbv0RP8D/cNJGsKIHLhzOuZd77wliRpV2nA9rZXVtfWOzsFXc3tnd2y8dHLZVlEhMWjhikewGSBFGBWlpqhnpxpIgHjDSCSZXmd+5J1LRSNzpaUx8jkaChhQjbaRuX1EObwaXg1LZsaue49U96NjOHBlxK1WnDt1cKYMczUHpsz+McMKJ0JghpXquE2s/RVJTzMis2E8UiRGeoBHpGSoQJ8pP5/fO4KlRhjCMpCmh4Vz9OZEirtSUB6aTIz1Wv71M/MvrJTqs+SkVcaKJwItFYcKgjmD2PBxSSbBmU0MQltTcCvEYSYS1iWhpSyDRhOiZyeX7efg/aVdst2qf33rlRi1PqACOwQk4Ay64AA1wDZqgBTBg4BE8gWfrwXqxXq23ReuKlc8cgSVY719Mgpf+</latexit>⇠ LA

hot hotcold

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

(away from the critical point)

Viktor Eisler et al J. Stat. Mech. (2020) 103102

Eigenstate Thermalization Hypothesis (ETH):



Entanglement Hamiltonian & Eigenstate Thermalization Hypothesis

<latexit sha1_base64="rCbcFZPECODqf432JgxumE1qk9o=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8lURFPRa9eKxgP6ANZbOdtEs3u3F3Uyihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLE8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tEwVxTqVXKpWSDRyJrBumOHYShSSOOTYDId3U785QqWZFI9mnGAQk75gEaPEWCnojIjCRDMuRXfYLZW9ijeDu0z8nJQhR61b+ur0JE1jFIZyonXb9xITZEQZRjlOip1UY0LokPSxbakgMeogmx09cU+t0nMjqWwJ487U3xMZibUex6HtjIkZ6EVvKv7ntVMT3QQZE0lqUND5oijlrpHuNAG3xxRSw8eWEKqYvdWlA6IINTanog3BX3x5mTTOK/5V5eLhsly9zeMowDGcwBn4cA1VuIca1IHCEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AQkCSbQ==</latexit>"k

Example: XXZ model (51 sites)
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�22.6

�22.5
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�22.1
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�21.8

�21.7

�21.6

�21.5
<latexit sha1_base64="8WT4YTsLVRVVwFs5h1bgxq+Bp/Y="></latexit>

Ĥ =
1

2

X

i

⇣
Ŝ
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�
i+1 +H.c

⌘
+�

X

i

Ŝ
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Ansatz for the Entanglement Hamiltonian:

<latexit sha1_base64="ADglwVwhSKDaMrGIFC939BxiFJ4="></latexit>
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z
`+1

<latexit sha1_base64="P1GtqJ3wNqS2L2cGJEK3BuxJESA="></latexit>

ĤA =
X

`

�`ĥ`
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<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA

<latexit sha1_base64="ef9I6PoK5x7ezN5Xh4LiIZ/WK9U=">AAAB/XicbVDLSgNBEOyNrxhfUY9eFoPgKeyqqMeoFw8eIpoHJEuYnfQmQ2Znl5lZISzBL/CqX+BNvPotfoD/4STZg0ksaCiquunu8mPOlHacbyu3tLyyupZfL2xsbm3vFHf36ipKJMUajXgkmz5RyJnAmmaaYzOWSEKfY8Mf3Iz9xhNKxSLxqIcxeiHpCRYwSrSRHu46V51iySk7E9iLxM1ICTJUO8WfdjeiSYhCU06UarlOrL2USM0ox1GhnSiMCR2QHrYMFSRE5aWTU0f2kVG6dhBJU0LbE/XvREpCpYahbzpDovtq3huL/3mtRAeXXspEnGgUdLooSLitI3v8t91lEqnmQ0MIlczcatM+kYRqk87MFl+SAeqRycWdT2GR1E/K7nn59P6sVLnOEsrDARzCMbhwARW4hSrUgEIPXuAV3qxn6936sD6nrTkrm9mHGVhfv3gWleQ=</latexit>

LA
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<latexit sha1_base64="3VsZVzKgWnGy4bMNr6AJ9cpMyMk=">AAACBnicbVDLSsNAFJ3UV62vqks3wSK4KomKuiy6cVnB1kITymR60w6dTMLMjVBC936BW/0Cd+LW3/AD/A8nbRa29cCFwzn3ci4nSATX6DjfVmlldW19o7xZ2dre2d2r7h+0dZwqBi0Wi1h1AqpBcAkt5CigkyigUSDgMRjd5v7jEyjNY/mA4wT8iA4kDzmjaCTPCwBpL/NAiEmvWnPqzhT2MnELUiMFmr3qj9ePWRqBRCao1l3XSdDPqELOBEwqXqohoWxEB9A1VNIItJ9Nf57YJ0bp22GszEi0p+rfi4xGWo+jwGxGFId60cvF/7xuiuG1n3GZpAiSzYLCVNgY23kBdp8rYCjGhlCmuPnVZkOqKENT01xKoOgIMO/FXWxhmbTP6u5l/fz+ota4KRoqkyNyTE6JS65Ig9yRJmkRRhLyQl7Jm/VsvVsf1udstWQVN4dkDtbXLzR2mjo=</latexit>

�`

<latexit sha1_base64="3VsZVzKgWnGy4bMNr6AJ9cpMyMk=">AAACBnicbVDLSsNAFJ3UV62vqks3wSK4KomKuiy6cVnB1kITymR60w6dTMLMjVBC936BW/0Cd+LW3/AD/A8nbRa29cCFwzn3ci4nSATX6DjfVmlldW19o7xZ2dre2d2r7h+0dZwqBi0Wi1h1AqpBcAkt5CigkyigUSDgMRjd5v7jEyjNY/mA4wT8iA4kDzmjaCTPCwBpL/NAiEmvWnPqzhT2MnELUiMFmr3qj9ePWRqBRCao1l3XSdDPqELOBEwqXqohoWxEB9A1VNIItJ9Nf57YJ0bp22GszEi0p+rfi4xGWo+jwGxGFId60cvF/7xuiuG1n3GZpAiSzYLCVNgY23kBdp8rYCjGhlCmuPnVZkOqKENT01xKoOgIMO/FXWxhmbTP6u5l/fz+ota4KRoqkyNyTE6JS65Ig9yRJmkRRhLyQl7Jm/VsvVsf1udstWQVN4dkDtbXLzR2mjo=</latexit>

�`
<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

<latexit sha1_base64="5hkgLVNjRz0+UEQm9aq1r3epkJU=">AAACC3icbVDLSsNAFJ3UV62PRl26CRbBVUlU1GXVjSupaB/QxjCZ3rRDJw9mbsQS8gl+gVv9Anfi1o/wA/wPk7YLWz1w4XDOvZzLcSPBFZrml1ZYWFxaXimultbWNzbL+tZ2U4WxZNBgoQhl26UKBA+ggRwFtCMJ1HcFtNzhZe63HkAqHgZ3OIrA9mk/4B5nFDPJ0cu3zvl90kV4xKR5naaOXjGr5hjGX2JNSYVMUXf0724vZLEPATJBlepYZoR2QiVyJiAtdWMFEWVD2odORgPqg7KT8eOpsZ8pPcMLZTYBGmP190VCfaVGvptt+hQHat7Lxf+8TozemZ3wIIoRAjYJ8mJhYGjkLRg9LoGhGGWEMsmzXw02oJIyzLqaSXElHQLmvVjzLfwlzcOqdVI9ujmu1C6mDRXJLtkjB8Qip6RGrkidNAgjMXkmL+RVe9LetHftY7Ja0KY3O2QG2ucP8lCbpw==</latexit>

SVN
A

cooling to the ground state

<latexit sha1_base64="MpTkyr5Bw2yXexH3oBV71grnPMw=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgxbArvi5CUA8eI5gHbJYwO5lNhszOLDO9QljyGV48KOLVr/Hm3zhJ9qCJBQ1FVTfdXWEiuAHX/XYKS8srq2vF9dLG5tb2Tnl3r2lUqilrUCWUbofEMMElawAHwdqJZiQOBWuFw9uJ33pi2nAlH2GUsCAmfckjTglYye/cMQEEX+MTr1uuuFV3CrxIvJxUUI56t/zV6SmaxkwCFcQY33MTCDKigVPBxqVOalhC6JD0mW+pJDEzQTY9eYyPrNLDkdK2JOCp+nsiI7Exozi0nTGBgZn3JuJ/np9CdBVkXCYpMElni6JUYFB48j/ucc0oiJElhGpub8V0QDShYFMq2RC8+ZcXSfO06l1Uzx/OKrWbPI4iOkCH6Bh56BLV0D2qowaiSKFn9IreHHBenHfnY9ZacPKZffQHzucPdZKQEw==</latexit>

� = �1
<latexit sha1_base64="pD4iSwv48ujZUix3oJ+XMeiHpC0=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCevAYwSyYDKGnU5M06ekZunuEMOQvvHhQxKt/482/sbMcNPFBweO9KqrqBYng2rjut5NbWl5ZXcuvFzY2t7Z3irt7dR2nimGNxSJWzYBqFFxizXAjsJkopFEgsBEMbsZ+4wmV5rF8MMME/Yj2JA85o8ZKj+1bFIaSK+J1iiW37E5AFok3IyWYodopfrW7MUsjlIYJqnXLcxPjZ1QZzgSOCu1UY0LZgPawZamkEWo/m1w8IkdW6ZIwVrakIRP190RGI62HUWA7I2r6et4bi/95rdSEl37GZZIalGy6KEwFMTEZv0+6XCEzYmgJZYrbWwnrU0WZsSEVbAje/MuLpH5S9s7LZ/enpcr1LI48HMAhHIMHF1CBO6hCDRhIeIZXeHO08+K8Ox/T1pwzm9mHP3A+fwAJeI/c</latexit>

� = 1

ferromagnet antiferromagnetc=1  CFT

<latexit sha1_base64="9t0f36saO8b2HAg1uF2jm5jbuHw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUjEVzdSFMRlBfuANpTJdNIOnTyYmYgl5FfcuFDErT/izr9x0mah1QMDh3Pu5Z45XsyZVLb9ZZSWlldW18rrlY3Nre0dc7fallEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1vcp37nQcqJIvCezWNqRvgUch8RrDS0sCs9gOsxgTz9CZDl8i26vWBWbMtewb0lzgFqUGB5sD87A8jkgQ0VIRjKXuOHSs3xUIxwmlW6SeSxphM8Ij2NA1xQKWbzrJn6FArQ+RHQr9QoZn6cyPFgZTTwNOTeVK56OXif14vUf6Fm7IwThQNyfyQn3CkIpQXgYZMUKL4VBNMBNNZERljgYnSdVV0Cc7il/+S9rHlnFmndye1xlVRRxn24QCOwIFzaMAtNKEFBB7hCV7g1ciMZ+PNeJ+PloxiZw9+wfj4BhNmkys=</latexit> F > 0.99

<latexit sha1_base64="cDYJqSN/iiZnViHquOk0cIrndSk=">AAACDnicbVDLSsNAFJ3UV62vWJduBovgKiSiVjdSFMRlBfuANpSb6bQdOnkwMxFLyD/4BW71C9yJW3/BD/A/nLRZ2OqBC4dz7uUejhdxJpVtfxmFpeWV1bXiemljc2t7x9wtN2UYC0IbJOShaHsgKWcBbSimOG1HgoLvcdryxteZ33qgQrIwuFeTiLo+DAM2YASUlnpmueuDGhHgyU2KL7FtXVR7ZsW27CnwX+LkpIJy1Hvmd7cfktingSIcpOw4dqTcBIRihNO01I0ljYCMYUg7mgbgU+km0+wpPtRKHw9CoSdQeKr+vkjAl3Lie3ozSyoXvUz8z+vEanDuJiyIYkUDMns0iDlWIc6KwH0mKFF8ogkQwXRWTEYggChd19wXT8CYqlT34iy28Jc0jy3nzDq9O6nUrvKGimgfHaAj5KAqqqFbVEcNRNAjekYv6NV4Mt6Md+Njtlow8ps9NAfj8wcEJZuB</latexit> F > 0.97

W. Zhu et.al. Phys. Rev. B 99, 235109

C. Kokail et.al. Nat.Phys. 2021

E. Bairey et.al. Phys. Rev. Lett. (2019)

Qi & Ranard Quantum 3, 159 (2019)
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<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>

| 0i

ρA

βj βj

<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>

⇢A(�) =
1

ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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<latexit sha1_base64="5TqszlN7PQTzLC1O2Tgpda5kvj0="></latexit>"max
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<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>

t
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T

<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>

| 0i

ρA

βj βj

<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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h j

<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>

⇢A(�) =
1

ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k

ε(θ2)

ε(θ1)
εG

<latexit sha1_base64="5TqszlN7PQTzLC1O2Tgpda5kvj0="></latexit>"max
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↑

Entanglement  
Hamiltonian Learning

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>
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<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>
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ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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<latexit sha1_base64="5TqszlN7PQTzLC1O2Tgpda5kvj0="></latexit>"max
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Entanglement  
Hamiltonian Learning

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>
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<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>
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<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>
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<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>
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<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>
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<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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0
0.

02
3

0.
39

8
1

5 10 15
0

2

4

6

LA

S
V

N
A

5 10 15
0

2

4

6

LA

S
V

N
A

experiment

0

2

4

6

�h
ea

t
j

0

10

20

30

40
�

j

0 5 10
j 2 A

0

2

4

6

�h
ea

t
j

0

10

20

30

40

0 5 10
j 2 A

State preparation & analysis

area law

entanglement

volume law

entanglement

51 Ions

A ĀĀ
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<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

(c)state preparation and analysis(b)

VQE circuit
1) VQE ground state

↑↑

2) VQE heated state

(a) XXZ chain
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Entanglement properties
<latexit sha1_base64="lO+QS5ZKR0WndrCNTjw2jv07Ifs=">AAAB7HicdVBNSwMxEJ31s9avqkcvwaJ4KtmyrfUgFLx4rOC2hXYp2TRtQ7PZJckKpfQ3ePGgiFd/kDf/jdm2goo+GHi8N8PMvDARXBuMP5yV1bX1jc3cVn57Z3dvv3Bw2NRxqijzaSxi1Q6JZoJL5htuBGsnipEoFKwVjq8zv3XPlOaxvDOThAURGUo+4JQYK/kUXSG3VyjiUtXD3mUN4RK28CoZcctV7CF3rmBchCUavcJ7tx/TNGLSUEG07rg4McGUKMOpYLN8N9UsIXRMhqxjqSQR08F0fuwMnVqljwaxsiUNmqvfJ6Yk0noShbYzImakf3uZ+JfXSc2gFky5TFLDJF0sGqQCmRhln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuudVS5dYr1s+WceTgGE7gHFy4gDrcQAN8oMDhAZ7g2ZHOo/PivC5aV5zlzBH8gPP2CaxcjeA=</latexit>
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theory: exact GS theory: VQE-circuit

<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j
<latexit sha1_base64="IOyutwLuGTLVc2Y85UtrtYwsMHw=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiDkNMwEox4DXjwmYBZIhtDTqUk66Vno7hHCkC/w4kERr36SN//GziK4Pih4vFdFVT0/EVxpx3m3cmvrG5tb+e3Czu7e/kHx8Kil4lQybLJYxLLjU4WCR9jUXAvsJBJp6Ats+5Prud++Q6l4HN3qaYJeSIcRDzij2kiNcb9YcuxK1TEgv4lrOwuUYIV6v/jWG8QsDTHSTFCluq6TaC+jUnMmcFbopQoTyiZ0iF1DIxqi8rLFoTNyZpQBCWJpKtJkoX6dyGio1DT0TWdI9Uj99ObiX1431cGVl/EoSTVGbLkoSAXRMZl/TQZcItNiaghlkptbCRtRSZk22RRMCJ+fkv9Jq2K7F3a1cV6qlVdx5OEETqEMLlxCDW6gDk1ggHAPj/Bkja0H69l6WbbmrNXMMXyD9foB6vmM8w==</latexit>

j

Ansatz:

Δ = 1 Δ = 1.7
Δ

<latexit sha1_base64="oVvOS6/RurJdWpgLm45YDeYsL5E="></latexit>

| (✓opt)i

<latexit sha1_base64="JGhhZ8wm+8WCUNMaNIf6Z4vbQ2s="></latexit>

| 0i

ρA

βj βj

<latexit sha1_base64="EW6RpkigbP2736Y1Ydu3ellVtxY="></latexit>
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<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

# <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"
<latexit sha1_base64="hBbSIHx5/zuTOQV0Ciz6wmcdb2U="></latexit>

#
<latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

" <latexit sha1_base64="l4x2JgcOAHDtkBzDRsLRFAaa/Oo="></latexit>

"

<latexit sha1_base64="d0fQZZ8QVC6iBBK9+XLIozIZFTk="></latexit>

⇢A(�) =
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ZA(�)
e�
P

j2A � jh j+...

<latexit sha1_base64="gmkneuzV9On/uzM6ens+ZhRRi2E=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48RjBPCBZwuykNxkyO7vOzAbCku/w4kERr36MN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZX8zogqTDQXsewOu6WyW3FnIMvEy0kZctS6pa9OL2ZphNIwQbVue25i/Iwqw5nASbGTakwoG9I+ti2VNELtZ7OjJ+TUKj0SxsqWNGSm/p7IaKT1OApsZ0TNQC96U/E/r52a8NbPuExSg5LNF4WpICYm0wRIjytkRowtoUxxeythA6ooMzanog3BW3x5mTQuKt515erhslw9y+MowDGcwDl4cANVuIca1IHBEzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4AOniSUw==</latexit>"k
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<latexit sha1_base64="5TqszlN7PQTzLC1O2Tgpda5kvj0="></latexit>"max
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Entanglement properties

Results: Theory and Experiment



<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

Scaling
<latexit sha1_base64="FlPxPFz85wATF8oI4ohRStAcnzE=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0x6kUIevHgIYJ5QLKE2UlvMmb2wcysEJZc/AKv+gXexKt/4gf4H06SPZjEgoaiqpvuLi8WXGnb/raWlldW19ZzG/nNre2d3cLefl1FiWRYY5GIZNOjCgUPsaa5FtiMJdLAE9jwBjdjv/GEUvEofNDDGN2A9kLuc0a1kep35IqUnU6haJfsCcgicTJShAzVTuGn3Y1YEmComaBKtRw71m5KpeZM4CjfThTGlA1oD1uGhjRA5aaTa0fk2Chd4kfSVKjJRP07kdJAqWHgmc6A6r6a98bif14r0f6lm/IwTjSGbLrITwTRERm/TrpcItNiaAhlkptbCetTSZk2Ac1s8SQdoB6ZXJz5FBZJ/bTknJfK92fFynWWUA4O4QhOwIELqMAtVKEGDB7hBV7hzXq23q0P63PaumRlMwcwA+vrF1R2lkc=</latexit>

L = 51
da

ta
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cq
ui

si
tio

n 
+ 

EH
T

↑

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>

t

<latexit sha1_base64="m9Z4PwNZ5Opvbnw42Gqmt8XOJMc=">AAACBnicbZDNSsNAEMcn9avWr6pHL8GieCqJ+HUsePFYwdZCE8pmO2mXbjZhdyOU0LtP4FWfwJt49TV8AN/DTZuDbf3DwJ//zDDDL0g4U9pxvq3Syura+kZ5s7K1vbO7V90/aKs4lRRbNOax7AREIWcCW5ppjp1EIokCjo/B6DbvPz6hVCwWD3qcoB+RgWAho0SbyPNGqDOvqVjPmfSqNafuTGUvG7cwNSjU7FV/vH5M0wiFppwo1XWdRPsZkZpRjpOKlypMCB2RAXaNFSRC5WfTnyf2iUn6dhhLU0Lb0/TvRkYipcZRYCYjoodqsZeH//W6qQ5v/IyJJNUo6OxQmHJbx3YOwO4ziVTzsTGESmZ+temQSEK1wTR3JZDE4Mm5uIsUlk37vO5e1S/vL2qN04JQGY7gGM7AhWtowB00oQUUEniBV3iznq1368P6nI2WrGLnEOZkff0C0jmZ5w==</latexit>

| 0i

↑↑

<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0
<latexit sha1_base64="U1QmHHsV+nm9AQMRnmzeFlksmFM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDdXGMow==</latexit>

1
<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0
<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0
<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0

<latexit sha1_base64="cPP3oS8m1AmHN5Iw8mH3lUfna9o=">AAAB7XicdVDLSgMxFM3UV62vqks3waK4GjJlWuuu4sZlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0jJVhDaJ5FJ1QqwpZ4I2DTOcdhJFcRxy2g7HVzO/fU+VZlLcmklCgxgPBYsYwcZKrZ4ayf5lv1hCbtVH/kUNIhdZ+JUZ8cpV5ENvriBUAks0+sX33kCSNKbCEI617nooMUGGlWGE02mhl2qaYDLGQ9q1VOCY6iCbXzuFJ1YZwEgqW8LAufp9IsOx1pM4tJ0xNiP925uJf3nd1ES1IGMiSQ0VZLEoSjk0Es5ehwOmKDF8YgkmitlbIRlhhYmxARVsCF+fwv9Jq+x6Vbdy45fqp8s48uAIHIMz4IFzUAfXoAGagIA78ACewLMjnUfnxXldtOac5cwh+AHn7ROnuY8e</latexit>⇢A

<latexit sha1_base64="q2rdWneJ/PeQoAW5l2IFp9xG3pE="></latexit>
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z
j+1

⌘
=

LX

j=1

ĥj
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<latexit sha1_base64="R+EnguyzIV6eGPgFzSVMjy738HA=">AAACAnicdVDJSgNBEO2JW4xb1KOXxqDEyzATTOIx4MVjBLNAMoSeTiVp0rPQXSOGkJtf4FW/wJt49Uf8AP/DziIYlwcFj/eqqKrnx1JodJx3K7Wyura+kd7MbG3v7O5l9w/qOkoUhxqPZKSaPtMgRQg1FCihGStggS+h4Q8vp37jFpQWUXiDoxi8gPVD0ROcoZGabR+Q5e/OOtmcYxdK5WLBob+Jazsz5MgC1U72o92NeBJAiFwyrVuuE6M3ZgoFlzDJtBMNMeND1oeWoSELQHvj2b0TemKULu1FylSIdKZ+nxizQOtR4JvOgOFA//Sm4l9eK8HehTcWYZwghHy+qJdIihGdPk+7QgFHOTKEcSXMrZQPmGIcTURLW3zFhoATk8vX8/R/Ui/YbskuXp/nKqeLhNLkiByTPHFJmVTIFamSGuFEkgfySJ6se+vZerFe560pazFzSJZgvX0CgUSYEw==</latexit>

�(x)
<latexit sha1_base64="R+EnguyzIV6eGPgFzSVMjy738HA=">AAACAnicdVDJSgNBEO2JW4xb1KOXxqDEyzATTOIx4MVjBLNAMoSeTiVp0rPQXSOGkJtf4FW/wJt49Uf8AP/DziIYlwcFj/eqqKrnx1JodJx3K7Wyura+kd7MbG3v7O5l9w/qOkoUhxqPZKSaPtMgRQg1FCihGStggS+h4Q8vp37jFpQWUXiDoxi8gPVD0ROcoZGabR+Q5e/OOtmcYxdK5WLBob+Jazsz5MgC1U72o92NeBJAiFwyrVuuE6M3ZgoFlzDJtBMNMeND1oeWoSELQHvj2b0TemKULu1FylSIdKZ+nxizQOtR4JvOgOFA//Sm4l9eK8HehTcWYZwghHy+qJdIihGdPk+7QgFHOTKEcSXMrZQPmGIcTURLW3zFhoATk8vX8/R/Ui/YbskuXp/nKqeLhNLkiByTPHFJmVTIFamSGuFEkgfySJ6se+vZerFe560pazFzSJZgvX0CgUSYEw==</latexit>

�(x)

`heating’

51 ions
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Largest subsystem:
<latexit sha1_base64="4Dzh6VS9vjqcL4vWtyz/di52Su8=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ2ac1roQqm5cuKhgH9IOJZNm2tBkZkgyQhn6FW5cKOLWz3Hn35g+BBU9cOFwzr3ce0+QcKY0Qh/WwuLS8spqbi2/vrG5tV3Y2W2oOJWE1knMY9kKsKKcRbSumea0lUiKRcBpMxheTvzmPZWKxdGtHiXUF7gfsZARrI10d909h2fQRbBbKCIbuWXX8yCyXffURRVDPNdDxyXo2GiKIpij1i28d3oxSQWNNOFYqbaDEu1nWGpGOB3nO6miCSZD3KdtQyMsqPKz6cFjeGiUHgxjaSrScKp+n8iwUGokAtMpsB6o395E/Mtrpzqs+BmLklTTiMwWhSmHOoaT72GPSUo0HxmCiWTmVkgGWGKiTUZ5E8LXp/B/0nBtp2yXbrxi9WIeRw7sgwNwBBxwAqrgCtRAHRAgwAN4As+WtB6tF+t11rpgzWf2wA9Yb5+hro8E</latexit>

LA = 20 sites

st
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io
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51 particles

<latexit sha1_base64="B0gtmzC9hdYeMKC5g/rooIVPg+Y="></latexit>

| (✓opt)i

variational prep. of the XXZ GS:



<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit> P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit>

P
U

3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit>

P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit> P U
1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="FlPxPFz85wATF8oI4ohRStAcnzE=">AAACAHicbVDLSgNBEOz1GeMr6tHLYBA8hV0x6kUIevHgIYJ5QLKE2UlvMmb2wcysEJZc/AKv+gXexKt/4gf4H06SPZjEgoaiqpvuLi8WXGnb/raWlldW19ZzG/nNre2d3cLefl1FiWRYY5GIZNOjCgUPsaa5FtiMJdLAE9jwBjdjv/GEUvEofNDDGN2A9kLuc0a1kep35IqUnU6haJfsCcgicTJShAzVTuGn3Y1YEmComaBKtRw71m5KpeZM4CjfThTGlA1oD1uGhjRA5aaTa0fk2Chd4kfSVKjJRP07kdJAqWHgmc6A6r6a98bif14r0f6lm/IwTjSGbLrITwTRERm/TrpcItNiaAhlkptbCetTSZk2Ac1s8SQdoB6ZXJz5FBZJ/bTknJfK92fFynWWUA4O4QhOwIELqMAtVKEGDB7hBV7hzXq23q0P63PaumRlMwcwA+vrF1R2lkc=</latexit>

L = 51

<latexit sha1_base64="q2rdWneJ/PeQoAW5l2IFp9xG3pE="></latexit>

Ĥ = J

LX
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⇣
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y
j Ŝ
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ĥj

Verification of Entanglement Hamiltonian Tomography

<latexit sha1_base64="sIPdlCCS5ReAt8w8yI4LCPeYmyA="></latexit>

⇢A =
1

Z
e�

P
i2A e��j ĥj

verify

Cross-Platform Verification 
Phys. Rev. Lett. 124, 010504 4 6 8 10 12
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<latexit sha1_base64="/6q+WwK576LJIBcbohvLjaZi/ZM=">AAACE3icbVDLSsNAFJ3UV62vqAsXbgaLUDclUdEuC25cVjBtoQ1hMpm0QyeTMDMRSshn+AVu9QvciVs/wA/wP5y0WdjWA8MczrmXe+/xE0alsqxvo7K2vrG5Vd2u7ezu7R+Yh0ddGacCEwfHLBZ9H0nCKCeOooqRfiIIinxGev7krvB7T0RIGvNHNU2IG6ERpyHFSGnJM086XuZ4dt4Y+jEL5DTSXybzC8+sW01rBrhK7JLUQYmOZ/4MgxinEeEKMyTlwLYS5WZIKIoZyWvDVJIE4QkakYGmHEVEutnsgByeayWAYSz04wrO1L8dGYpksZuujJAay2WvEP/zBqkKW25GeZIqwvF8UJgyqGJYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeyad80rx6u6+1WmVAVnIIz0AA2uAVtcA86wAEY5OAFvII349l4Nz6Mz3lpxSh7jsECjK9f0FCewg==</latexit>

PU1
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="XyVLVLjT1mE9N6fj92XbBWvEfbE=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVbTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSbfZsG8aVw/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f0fieww==</latexit> P
U

2
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="ADM685r9XEIuJIrlReZWLREwqBY=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkWrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80rh+atXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f1UiexQ==</latexit>

P
U

4
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="G+VH0vw3LD5bSif76K6GSEu1cZQ=">AAACE3icbVDLSsNAFJ34rPUVdeHCzWAR6qYkVrTLghuXFUxbaEOYTCbt0EkmzEyEEvIZfoFb/QJ34tYP8AP8DydtFrb1wDCHc+7l3nv8hFGpLOvbWFvf2NzaruxUd/f2Dw7No+Ou5KnAxMGccdH3kSSMxsRRVDHSTwRBkc9Iz5/cFX7viQhJefyopglxIzSKaUgxUlryzNOOlzleM68Pfc4COY30l8n80jNrVsOaAa4SuyQ1UKLjmT/DgOM0IrHCDEk5sK1EuRkSimJG8uowlSRBeIJGZKBpjCIi3Wx2QA4vtBLAkAv9YgVn6t+ODEWy2E1XRkiN5bJXiP95g1SFLTejcZIqEuP5oDBlUHFYpAEDKghWbKoJwoLqXSEeI4Gw0pktTPEFmhCV61zs5RRWSfeqYd80mg/XtXarTKgCzsA5qAMb3II2uAcd4AAMcvACXsGb8Wy8Gx/G57x0zSh7TsACjK9f06CexA==</latexit> P U
3
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

da
ta

 a
cq

ui
si

tio
n 

+ 
EH

T

↑

<latexit sha1_base64="Kh/IN0/b/QJjp/6NlnAUqj4yZd8=">AAAB6HicbVDLSgNBEJz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMghYIGCpTQTjSwKJDQCkZ3U7/1BNqIWD3gOAE/YgMlQsEZWqmOvVLZrbgz0GXi5aRMctR6pa9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bHbohJ5apU/DWNtSSGfq74mMRcaMo8B2RgyHZtGbiv95nRTDWz8TKkkRFJ8vClNJMabTr2lfaOAox5YwroW9lfIh04yjzaZoQ/AWX14mzYuKd125ql+Wq2d5HAVyTE7IOfHIDamSe1IjDcIJkGfySt6cR+fFeXc+5q0rTj5zRP7A+fwB2v2M5g==</latexit>

t

<latexit sha1_base64="m9Z4PwNZ5Opvbnw42Gqmt8XOJMc=">AAACBnicbZDNSsNAEMcn9avWr6pHL8GieCqJ+HUsePFYwdZCE8pmO2mXbjZhdyOU0LtP4FWfwJt49TV8AN/DTZuDbf3DwJ//zDDDL0g4U9pxvq3Syura+kZ5s7K1vbO7V90/aKs4lRRbNOax7AREIWcCW5ppjp1EIokCjo/B6DbvPz6hVCwWD3qcoB+RgWAho0SbyPNGqDOvqVjPmfSqNafuTGUvG7cwNSjU7FV/vH5M0wiFppwo1XWdRPsZkZpRjpOKlypMCB2RAXaNFSRC5WfTnyf2iUn6dhhLU0Lb0/TvRkYipcZRYCYjoodqsZeH//W6qQ5v/IyJJNUo6OxQmHJbx3YOwO4ziVTzsTGESmZ+temQSEK1wTR3JZDE4Mm5uIsUlk37vO5e1S/vL2qN04JQGY7gGM7AhWtowB00oQUUEniBV3iznq1368P6nI2WrGLnEOZkff0C0jmZ5w==</latexit>

| 0i

↑↑
<latexit sha1_base64="cPP3oS8m1AmHN5Iw8mH3lUfna9o=">AAAB7XicdVDLSgMxFM3UV62vqks3waK4GjJlWuuu4sZlBfuAdiiZNNPGZpIhyQhl6D+4caGIW//HnX9j+hBU9MCFwzn3cu89YcKZNgh9OLmV1bX1jfxmYWt7Z3evuH/Q0jJVhDaJ5FJ1QqwpZ4I2DTOcdhJFcRxy2g7HVzO/fU+VZlLcmklCgxgPBYsYwcZKrZ4ayf5lv1hCbtVH/kUNIhdZ+JUZ8cpV5ENvriBUAks0+sX33kCSNKbCEI617nooMUGGlWGE02mhl2qaYDLGQ9q1VOCY6iCbXzuFJ1YZwEgqW8LAufp9IsOx1pM4tJ0xNiP925uJf3nd1ES1IGMiSQ0VZLEoSjk0Es5ehwOmKDF8YgkmitlbIRlhhYmxARVsCF+fwv9Jq+x6Vbdy45fqp8s48uAIHIMz4IFzUAfXoAGagIA78ACewLMjnUfnxXldtOac5cwh+AHn7ROnuY8e</latexit>⇢A

Entanglement Hamiltonian  
Tomography 

Nat.Phys. 17, p. 936–942 (2021)

<latexit sha1_base64="R+EnguyzIV6eGPgFzSVMjy738HA=">AAACAnicdVDJSgNBEO2JW4xb1KOXxqDEyzATTOIx4MVjBLNAMoSeTiVp0rPQXSOGkJtf4FW/wJt49Uf8AP/DziIYlwcFj/eqqKrnx1JodJx3K7Wyura+kd7MbG3v7O5l9w/qOkoUhxqPZKSaPtMgRQg1FCihGStggS+h4Q8vp37jFpQWUXiDoxi8gPVD0ROcoZGabR+Q5e/OOtmcYxdK5WLBob+Jazsz5MgC1U72o92NeBJAiFwyrVuuE6M3ZgoFlzDJtBMNMeND1oeWoSELQHvj2b0TemKULu1FylSIdKZ+nxizQOtR4JvOgOFA//Sm4l9eK8HehTcWYZwghHy+qJdIihGdPk+7QgFHOTKEcSXMrZQPmGIcTURLW3zFhoATk8vX8/R/Ui/YbskuXp/nKqeLhNLkiByTPHFJmVTIFamSGuFEkgfySJ6se+vZerFe560pazFzSJZgvX0CgUSYEw==</latexit>

�(x)
<latexit sha1_base64="R+EnguyzIV6eGPgFzSVMjy738HA=">AAACAnicdVDJSgNBEO2JW4xb1KOXxqDEyzATTOIx4MVjBLNAMoSeTiVp0rPQXSOGkJtf4FW/wJt49Uf8AP/DziIYlwcFj/eqqKrnx1JodJx3K7Wyura+kd7MbG3v7O5l9w/qOkoUhxqPZKSaPtMgRQg1FCihGStggS+h4Q8vp37jFpQWUXiDoxi8gPVD0ROcoZGabR+Q5e/OOtmcYxdK5WLBob+Jazsz5MgC1U72o92NeBJAiFwyrVuuE6M3ZgoFlzDJtBMNMeND1oeWoSELQHvj2b0TemKULu1FylSIdKZ+nxizQOtR4JvOgOFA//Sm4l9eK8HehTcWYZwghHy+qJdIihGdPk+7QgFHOTKEcSXMrZQPmGIcTURLW3zFhoATk8vX8/R/Ui/YbskuXp/nKqeLhNLkiByTPHFJmVTIFamSGuFEkgfySJ6se+vZerFe560pazFzSJZgvX0CgUSYEw==</latexit>

�(x)

`heating’

<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0
<latexit sha1_base64="U1QmHHsV+nm9AQMRnmzeFlksmFM=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDdXGMow==</latexit>

1
<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0
<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0
<latexit sha1_base64="8cwY5nc921yfQM4DjH3yVk+nc3o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYFA8hV3xdQx48ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz1My6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibNi4p3XbmqX5arZ3kcBTiGEzgHD26gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDc+2Mog==</latexit>

0

st
at

e 
pr

ep
ar

at
io

n

51 particles

<latexit sha1_base64="B0gtmzC9hdYeMKC5g/rooIVPg+Y="></latexit>

| (✓opt)i

<latexit sha1_base64="DUjG9hWNYhjg1GV9eDm4vvFev9g=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxkTwFGYCLseoFw8eIpgFkmHo6dQkTXoWunuEyRD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqufFnEllWd/G0vLK6tp6YaO4ubW9s2vu7TdllAgKDRrxSLQ9IoGzEBqKKQ7tWAAJPA4tb3gz8VuPICSLwgeVxuAEpB8yn1GitOSahzLxZCoVBFiyEeDynXtVds2SVbGmwIvEzkkJ5ai75le3F9EkgFBRTqTs2FasnIwIxSiHcbGbSIgJHZI+dDQNSQDSyabXj/GJVnrYj4SuUOGp+nsiI4GUaeDpzoCogZz3JuJ/XidR/qWTsTBOFIR0tshPOFYRnkSBe0wAVTzVhFDB9K2YDoggVOnAijoEe/7lRdKsVuzzytl9tVS7zuMooCN0jE6RjS5QDd2iOmogikboGb2iN+PJeDHejY9Z65KRzxygPzA+fwCAVJSZ</latexit>

subsystem size LA

<latexit sha1_base64="DUjG9hWNYhjg1GV9eDm4vvFev9g=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxkTwFGYCLseoFw8eIpgFkmHo6dQkTXoWunuEyRD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqufFnEllWd/G0vLK6tp6YaO4ubW9s2vu7TdllAgKDRrxSLQ9IoGzEBqKKQ7tWAAJPA4tb3gz8VuPICSLwgeVxuAEpB8yn1GitOSahzLxZCoVBFiyEeDynXtVds2SVbGmwIvEzkkJ5ai75le3F9EkgFBRTqTs2FasnIwIxSiHcbGbSIgJHZI+dDQNSQDSyabXj/GJVnrYj4SuUOGp+nsiI4GUaeDpzoCogZz3JuJ/XidR/qWTsTBOFIR0tshPOFYRnkSBe0wAVTzVhFDB9K2YDoggVOnAijoEe/7lRdKsVuzzytl9tVS7zuMooCN0jE6RjS5QDd2iOmogikboGb2iN+PJeDHejY9Z65KRzxygPzA+fwCAVJSZ</latexit>

subsystem size LA

variational prep. of the XXZ GS:
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Details of Entanglement Hamiltonian Learning
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Randomized Measurements: Tomography
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Quench dynamics with analog quantum simulator
ρA

u1
u2
u3

e−iHt

quench dynamics

time

|↑ ⟩
|↓ ⟩

|↑ ⟩

product state  entangled state→

Randomized Tomography

̂ρA = ∑
s,s′￼

∑
U

PU(s)(−2)−D[s,s′￼]U |s′￼⟩⟨s′￼|U†

tomographically complete

timetime

ρA = 𝔼U∼𝖢𝖴𝖤[ ̂ρA]

exponentially expensive
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Measuring (Large-Scale) Entanglement
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✓expensive*   (scales exponentially)∼ rank(ρA) 2NAdata

Protocol 0: Quantum State Tomography

A B

ρA

* tomography can be made `more efficient’ if we know something 
about the quantum state: MPS, low rank, neural network, …

* or, we are only interested in certain functionals of , e.g. 
expectation values 

ρA
⟨O⟩ = 𝖳𝗋 OAρA

sample-efficient entanglement 
Hamiltonian tomography

Classical Shadows



<latexit sha1_base64="07bFbqLp80ut4E8GkF0TECCp56k="></latexit>

A
<latexit sha1_base64="JFm3i5URaYGShpnZl2m9PuIkzrI="></latexit>

B

<latexit sha1_base64="hfl/VZVRrqLRUmqwPo6uxZTJR/0="></latexit>

@A <latexit sha1_base64="5AT+wtdEu+YMuHQHbP8+yf/a2p8="></latexit>

| iSample-Efficient Learning of the 
Entanglement Hamiltonian (EH)

data

Protocol: efficient parametrization of EH

ρA = e−H̃A(β) ?polynomial # βiH̃A(β) = ∑
i∈A

βi ĥℓ + …

measurement protocol

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>

P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit> s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>

P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit> s

data

verify

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s
<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>

P
U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit> s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P
U
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)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s
<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>
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<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

more data

design ansatz construct

fit

modification needed?

H̃A(β) ρA(β) ∼ e−H̃A( β̃)

• sample complexity

• time efficiency

with
simple operator structureGibbs state

C. Kokail, R. van Bijnen, A. Elben, B. Vermersch, & PZ, 

Entanglement Hamiltonian Tomography in Quantum Simulation,

Nat. Phys. (2021).

A. Anshu, S. Arunachalam, T. Kuwahara, and M. Soleimanifar, 

Sample-Efficient Learning of Interacting Quantum Systems, 

Nat. Phys. (2021).
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verify

design ansatz
<latexit sha1_base64="f6N/mAuGcb2eax68g+NMqdLxVoo="></latexit>

H̃A(g̃ )
construct

fit

<latexit sha1_base64="tdKVIS4u85U829fcGmnOKSqxYws="></latexit>

ΩA(g̃ ) ª e
°H̃A(g̃ )

modification needed?

- Ansatz for Entanglement  Hamiltonian:

e.g. deformation of system Hamiltonian 
plus corrections

<latexit sha1_base64="bB1DFwqDHfxCmxCCdBgLaF4XShY="></latexit>

H̃A(g̃ )

- Measure experimental frequencies:
<latexit sha1_base64="Oxo3lXIOc9c/CRBVp4yJcfyRiK8="></latexit>

PU (s) =8V
≥
UΩAU †|sihs|

¥

- Fit optimal parameters  by minimizing the       
distance to the frequencies

g̃

<latexit sha1_base64="tknB3e7k0H0ol1CGjbRLVOLdLIo="></latexit>

¬2(g̃ ) =
X

U ,s

"
8V

√
U |sihs|U † e

°H̃A(g̃ )

Z (g̃ )

!
°PU (s)

#2

- Verify by measuring Hilbert-Schmidt fidelities


     
A. Elben et. al. PRL (2020)

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P U
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<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P
U
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)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>
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<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit> s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P
U
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)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>
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<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit>
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<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit> s

<latexit sha1_base64="oKfky+nVLMChDu1u5X3hdoKv9EY=">AAACD3icbVDNSsNAGNzUv1r/oj16WSxCvZRERXssePFYwbSFNoTNZtsu3WTD7kYIIQ/hE3jVJ/AmXn0EH8D3cNPmYFsHlh1mvo9vGD9mVCrL+jYqG5tb2zvV3dre/sHhkXl80pM8EZg4mDMuBj6ShNGIOIoqRgaxICj0Gen7s7vC7z8RISmPHlUaEzdEk4iOKUZKS55Z73pOc+RzFsg01F8m8wvPbFgtaw64TuySNECJrmf+jAKOk5BECjMk5dC2YuVmSCiKGclro0SSGOEZmpChphEKiXSzefgcnmslgGMu9IsUnKt/NzIUyiKbngyRmspVrxD/84aJGrfdjEZxokiEF4fGCYOKw6IJGFBBsGKpJggLqrNCPEUCYaX7WrriCzQjKte92KstrJPeZcu+aV09XDc67bKhKjgFZ6AJbHALOuAedIEDMEjBC3gFb8az8W58GJ+L0YpR7tTBEoyvX6zhnRI=</latexit> P U
(s
)

<latexit sha1_base64="odZwNkvG8+u0dFvgyKPvSRLxyr4=">AAACCHicbVDLSgMxFM3UV62vqks3wSK4KjMq2mXBjcsK9gHtWDKZtA3NJENyRyhDf8AvcKtf4E7c+hd+gP9hpp2FbT0QcjjnXu7hBLHgBlz32ymsrW9sbhW3Szu7e/sH5cOjllGJpqxJlVC6ExDDBJesCRwE68SakSgQrB2MbzO//cS04Uo+wCRmfkSGkg84JWClx16gRGgmkf1SM+2XK27VnQGvEi8nFZSj0S//9EJFk4hJoIIY0/XcGPyUaOBUsGmplxgWEzomQ9a1VJKIGT+dpZ7iM6uEeKC0fRLwTP27kZLIZNHsZERgZJa9TPzP6yYwqPkpl3ECTNL5oUEiMCicVYBDrhkFMbGEUM1tVkxHRBMKtqiFK4EmYwZZL95yC6ukdVH1rquX91eVei1vqIhO0Ck6Rx66QXV0hxqoiSjS6AW9ojfn2Xl3PpzP+WjByXeO0QKcr19BFZta</latexit>s
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<latexit sha1_base64="hpGEZpBeTphENkkapl9SADWDZto=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg2vX664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsDOZUT</latexit>
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<latexit sha1_base64="Cp6ck/SFriIPc12LnMV/l80oVc4=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg23X664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsBopUS</latexit>
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<latexit sha1_base64="hpGEZpBeTphENkkapl9SADWDZto=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg2vX664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsDOZUT</latexit>
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<latexit sha1_base64="Cp6ck/SFriIPc12LnMV/l80oVc4=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg23X664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsBopUS</latexit>
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<latexit sha1_base64="hpGEZpBeTphENkkapl9SADWDZto=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg2vX664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsDOZUT</latexit>

1
<latexit sha1_base64="Cp6ck/SFriIPc12LnMV/l80oVc4=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg23X664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsBopUS</latexit>
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<latexit sha1_base64="Cp6ck/SFriIPc12LnMV/l80oVc4=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg23X664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsBopUS</latexit>
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<latexit sha1_base64="hpGEZpBeTphENkkapl9SADWDZto=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg2vX664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsDOZUT</latexit>
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<latexit sha1_base64="Cp6ck/SFriIPc12LnMV/l80oVc4=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg23X664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsBopUS</latexit>
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<latexit sha1_base64="Cp6ck/SFriIPc12LnMV/l80oVc4=">AAAB+3icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMeAF48JmAckS5id9CZDZmeXmV4hhP0Cr/oF3sSrH+MH+B9Okj2YxIKGoqqb7q4gkcKg6347hY3Nre2d4m5pb//g8Kh8fNIycao5NHksY90JmAEpFDRRoIROooFFgYR2MH6Y+e1n0EbE6gknCfgRGyoRCs7QSg23X664VXcOuk68nFRIjnq//NMbxDyNQCGXzJiu5yboT5lGwSVkpV5qIGF8zIbQtVSxCIw/nR+a0QurDGgYa1sK6Vz9OzFlkTGTKLCdEcORWfVm4n9eN8Xw3p8KlaQIii8WhamkGNPZ13QgNHCUE0sY18LeSvmIacbRZrO0JdBsDJjZXLzVFNZJ66rq3VavGzeVWi1PqEjOyDm5JB65IzXySOqkSTgB8kJeyZuTOe/Oh/O5aC04+cwpWYLz9QsBopUS</latexit>
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Ansatz for Entanglement Hamiltonian

We choose a simple deformation of 
the system Hamiltonian
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• Programmable Quantum Simulators with Atoms

• Hybrid Classical-Quantum / Variational Algorithms 

• Randomized Measurements Toolbox

• Programmable Quantum Sensors
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Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure
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