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Outlook

* WWhy simulations with optical lattices

» Why lattice gauge theories

* Describe the specific work on Abelian LGT
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What would we like to know

e “More is different”

* Equilibrium, phases: strong interaction
produces macroscopic phases very different
from constituents (confinement,
fractionalization, topological order) .

» Short time out of Equilibrium dynamic?
* Equilibration
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Classical simulations

* Density functional theory (small interaction)

* Monte Carlo (positive Hamiltonians)

* Tensor Networks (generic)
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Time evolution
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Gauge theories

« Specific class of QMBS

* They are very important ingredients for the
description of both high and low energies physics
(QCD... antiferromagnets...)

* They typically involve more than 2 bodies
interactions

* Their strongly coupled regime is still under debate






Natural interactions on optical lattices



Natural interactions on optical lattices




Natural interactions on optical lattices

Difficult to engineer interactions different from



Natural interactions on optical lattices

CiCiq1

Difficult to engineer interactions different from



Natural interactions on optical lattices

Difficult to engineer interactions different from



Natural interactions on optical lattices

Difficult to engineer interactions different from

How do we get four body interactions ?






Four body interactions via the Rydberg gate

ARTICLES

PUBLISHED ONLINE: 14 MARCH 2010 | DOI:10.1038/NPHYS1614

A Rydberg quantum simulator

Hendrik Weimer'*, Markus Miiller?, Igor Lesanovsky??, Peter Zoller? and Hans Peter Biichler'

A universal quantum simulator is a ontrolled quantum device that reproduces the dynamics of any other many-particle
quantum system with short-range interactions. This dynamies ean refer to both coherent Hamiltonian and dissipative
open-system evolution. Here that Rydberg atoms in pacing optical or provide
an efficint implementation of a universal quantum simulator for spin models involving n-body interactions, including such
of higher order. This would allow the simulation of Hamiltonians of exotic spin models involving n-particle constraints, such
as the Kitaev toric code, colour code and lattice gauge theories with spin-liquid phases. In addition, our approach provides
the ingredients for dissipative preparation of entangled states based on engineering n-particle reservoir couplings. The basic
building blocks of our architecture are efficient and high-fidelity n-qubit entangling gates using auxiliary Rydberg atoms,
including a possible dissipative time step through optical pumping. This enables mimicking the time evolution of the system by
asequence of fast, parallel and high-fidelity n-particle coherent and dissipative Rydberg gates.
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We need a two dimensional Hilbert space
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Hamiltonian formulation of LGT, operators
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Pure Z2 lattice gauge theory as low energy of
the deformed toric code
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Volume 100B, number 2 PHYSICS LETTERS 26 March 1981

FINITE MATRIX MODELS WITH CONTINUOUS LOCAL GAUGE INVARIANCE *

D. HORN
Department of Physics and Astronomy, Tel Aviv University, Ramat Aviv, Isracl

Received 5 January 1981

We construct a hamiltonian lattice gauge theory which possesses local SU(2) gauge invariance and yet is defined on a
Hilbert space of 5-dimensional real vectors for every link. This construction does not allow for generalization to arbitrary
SU(N), but a small variation of it can be generalized to an SUW) X U(1) local gauge invariant model. The latter is solvable
in simple gauge sectors leading to trivial spectra. We display these by studying a U(1) local gauge invariant model with simi-
lar characteristics. '
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Exact solution of a quantum gauge magnet
in 2 + 1 dimensions
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A parity-violating U(1) gauge magnet hamiltonian on a two-dimensional lattice is mapped to a
problem of transversely oscillating, non-overlapping strings. The one-string problem is found to
be cquivalent to a modified XX spin chain. The multi-string eigenstates and eigenvalues are
found explicitly. A critical point at which the excitations become gapless is shown to exist. The
ground-state energy is calculated on a finite cylinder of arbitrary dimensions. Charge is found to
be confined for all couplings. It is argued that this model is a lattice version of electrodynamics
with a Chern-Simons term in a strongly coupled phase.
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The U(1) gauge magnets
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We can perform time evolution

two level system which dynamic can be implemented via Rydberg

We cannot make dissipative state preparation
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WW

We need an easy state Engenier L(t)
‘¢> — H@ ‘Oz>
Slowly change H LIGS)(GS|) =0

H(t) = R(g) + h.c+ f(t)Hﬁeed to locally know GS
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Conclusions

Intersting historical phase for MBQP
First quantum simulations (QS)

We propose a possible candidate for U(1) LGT QS

Now should be possible to perform
out of equilibrium time-evolution.

Further step towards complete QS LGT...
(need matter).



