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QI for QPTs in Central Spin Models

Universal critical behaviors shared by ’

a large class of models
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* Power laws ruled by
critical exponents
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Exponent Definition Conditions

Specific heat o C o |t|™ t—0,h=0
Order parameter B m o (—t)? t—0,h=0
Susceptibility v X o [t77] t—0,h=0
Critical isotherm [ B o< [m[*sign(m) | h—0,t=0
Correlation length v o |t|™ t—0,h=0
Correlation function n G(r)oc[r["¥2 7 [ t=0,h=0

*Spontaneous Symmetry Breaking

* Existence of an order parameter

* Universality
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Renormalization group thory

You’re welcome!

'q \

@ RG flow in Hamiltonian space
@ Critical behavior -« fixed points

@ Derivation of critical exponents




GGI-Prize "Milla Baldo Ceolin” QI for QPTs in Central Spin Models  Oct 08, 2024

‘Quantum©_
a ss-‘ca\rmappmgs d-dimensional quantum theories

] o

cl

N\ pa—
d + 1-dimensional classical theories




r\b GGI-Prize "Milla Baldo Ceolin” QI for QPTs in Central Spin Models  Oct 08, 2024

to

Quantum© | | | |
“‘0\355"63\ ![‘a,P,P,!nQ,: d-dimensional quantum theories
N

N
d + 1-dimensional classical theories

. —

[P Paradigmatic model: The quantum Ising chain
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The critical point gc =1 divides the ordered fram the disordere }zﬁuse

Continous QT at g = g, FOQTs line driven by A, when g < g,
olesangiet mesn
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@®We apply methods from the RG theory to a new
theoretical laboratory (the Central Spin Model)

@We introduce tools to characterize QTs
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@We apply methods from the RG theory to a new
theoretical laboratory (the Central Spin Model)

O[We introduce tools to characterize QTs]

A

Spotlight singularities at QPTs

Quantum information
theory tools

Hilbert basis: {|0),]1)} — a|0) + b|1), |a]*> +|b> =1

Performing a measure inevitably disturbs the state

® Composite systems: |U)s ® |¥)g € Ha Q@ Ha,

{{|0>A, 1)}

(0 [1gy = P8 =204 @10)5) + b()a @ 1))

* [Was =3, ala® e pa= Tre[|¥)(¥]]
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L "Watws System

Central Spin Model

Qubit system @ — Hy = —s%7

Many-body system S — Hs = Hjs = — ) 050}y —g>_;0f —h}_;0f
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System
Central Spin Model

Qubit system @ — Hy = —s¥7
Many-body system S — Hs = Hjs = — ) 050}y —g>_;0f —h}_;0f

¢ How to formulate scaling ansatz in the RG framework?

¢ Can we use the qubit alone to achieve information about
the many-body system behavior?
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Interaction term Qubit term
Hgs 1 = —wX? jajz Hy = —sX* Commutative
Hgs,o = —vE* 35, 0f | Hg= —sX* | Non-commutative

Hys s = —uX*) .of | Hy = —s¥? Commutative
qo, ijd q

© The qubit decouples from the Ising ring
© The qubit scale energy s will be treated as a relevant perturbation
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Interaction term Qubit term
Hgs 1 = —wX? jajz Hy = —sX* Commutative
Hgs,o = —vE* 35, 0f | Hg= —sX* | Non-commutative
Hgs s = —uX™ jaf Hy = —s%* Commutative

© The qubit decouples from the Ising ring
© The qubit scale energy s will be treated as a relevant perturbation

= — XoX 4 — zZ_s¥% — X X
Hy = g 070541 — & E oj —s¥* — v g ;
J J J

FSS AT CQT oOF THE ISING RING

W=(g-g)l", y=1
,4:%:5LZ7 Z:1

Vo= Yh o= b = 58 =y, = 15/8.
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FSS ansatz for the energy gap:
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While the decoherence is expected to obey: D(L, g,s,v) ~ D(W, A, k).
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AL, g,s,v) ~ L7e(W, A, V) = SLEELIN ~ o (A V)
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Phase diagram for finite s and v
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A global Z> symmetry is preserved— Is still present an Ising-like transition?

Z,:P=[[0f P=x*

* The crossing method gives us an estimation
of the shifted critical point

I

We are able to build
the rising phase diagram!
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Ising universality class
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The qubit perspective
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(&), S =(¥%)
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verified: S,(L,g,s,v) = S,(W,A, V)
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S

Functional RG (fRG)
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5= [ arir Y en()g et =)o) + S
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introduce cutoff in Gaussian part of the action G — G

treat degrees of freedom
in a scale ordered way
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