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Generalize the cavity method to quantum systems
Why!

® A consistent mean field theory for finite-connectivity
quantum models:
» distance between variables (correlation length)
» fluctuations of the local environment (disorder)
» localization phenomena (e.g. Anderson localization)
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Quantum Spins Model in Transverse Field

Hilbert ). [—))8N _ _ (0 1
space: ’ L0




Quantum Spins Model in Transverse Field

Hilbert s 1 0 . 0 1
S;ace: (I4), =)%Y e (o —1) e (1 0>

H=FE({c*}) —T Z ons
Classical part / " ™\ Transverse field

. . . ° . °
- Qriginal interacton  INew quantum interaction
83 00 L e Rk Ny i < \ L] A7 B L A Y NI T RN _-“‘..'._ A oo Beub it e R Bl s By e PRl R TR v O L I N A T Lk L ety R LT e o o, S Taer it L SR YL Y el el N 3
!5‘\1"¢""'5""““T‘r o M 44 .‘:‘):\ .»' “" S5 "__‘. s ". LY DR R Tt Ay L PERACT ot S ALK Lo ) N A 87 ] e B "SR T o e e T e A an

o i 0 R 3 . ~ ) g ‘ (.
3 ) N b pE KTV ety 3 o % Rl B P : e R L v - . WL s 2 py oF PRESE e, s Vet AT R
: P 2 oo i iy ANy VRS R Sra Wk RS OeS & £35 3 .(..).., e s s i s Bl s RS e S U 1 € < S R o S A S el S S R W e
37 -E LA o &
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Iwo technically related
questions:

|) How to simulate such models using the Heat
Bath Monte Carlo Simulation ?




Overview

eat bath for classical and quantum spins
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Overview

® Heat bath for classical and quantum spins

- .

® Cavity Method for classical and quantum spins




How to perform classical

Monte-Carlo Simulations ?
The Heat-Bath Monte-Carlo algorithm
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How to perform classical

Monte-Carlo Simulations ?
eat-Bath Monte-Carlo algorithm

|) Choose a spin at random

2) Compute its “local field”

+ A + +‘=2

‘ 3) Choose the new value of the spln
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How to perform classical

Monte-Carlo Simulations ?
eat-Bath Monte-Carlo algorithm
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How to perform classical

Monte-Carlo Simulations !
The Heat-Bath Monte-Carlo algorithm

|) Choose a spin at random

2) Compute its “local field”

+ A + +‘=2

3) Choose the new value of the spln
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Suzuki-Trotter
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Example for the 1d Quantum Chain
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Quantum Monte Carlo
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Quantum Monte Carlo

GOOD NEWS:

Very easy implementation
Just add one dimension and use your usual code

YAADRNAAAS
New source of finite size effects
(finite-size in the “Trotter” Dimension)
Slow evolution, metastable states
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Quantum Monte Carlo

GOOD NEWS:

Just add one dimension and use your usual code

BAD NEWS:
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Quantum Monte Carlo

GOOD NEWS:

Very easy implementation
Just add one dimension and use your usual code

BAD NEWS:
New source of finite size effects
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The Continuous limit
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The “Continuous’” time Heat Bath




The “Continuous’” time Heat Bath

|) Choose a site at random
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Generating a new spin path
in 2 heat bath way

How to generate the path
according to its weight !
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Generating a new spin path
in 2 heat bath way

How to generate the path
according to its weight !

|) How to generate a path
in a constant field ?

2) How to generate the path
in a piecewise constant field?




Generating a path in a constant field

Define (and compute) the propagators
in constant field h for a time A:
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A useful recursion

A
Wi(s—s,h,A) = 68h>‘—I—I’/ sl
0

3
Wi(s — —s,h,\) = F/ G
0



A simple recursive algoritmh




A simple recursive algoritmh

fs=s": — with probability esh* /W (s = s, h, A),
set 0(t) = 0 on the whole time interval
— otherwise, draw a random variable u € [0, A]

with density proportional to eshu W ( —=s —= s, h, A — 1)
and set s(t) = 0 up to time u
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A simple recursive algoritmh

If S=-s’ -draw a random number with
density proportional to es"* W ( —=s = —s, h, A — u)
— set o(t) = o up to time u
— call the previous procedure to generate the remaining trajectory




A simple recursive algoritmh
+ +

If S=-s’ -draw a random number with
density proportional to es"* W ( —=s = —s, h, A — u)
— set o(t) = o up to time u
— call the previous procedure to generate the remaining trajectory




Generating a path in a constant piecewise field

We need to know the spin orientation
at time t(1),t(2) ... in order to apply
the “constant field algorithm”




Some results
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Monte Carlo sweep

Comparison with the best available algorithm
(Loop Algorithm, Rieger-Kawashima 98’)
on a regular random graph



Overview

® Heat bath for classical and quantum spins
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® Cavity Method for classical and quantum spins
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(Replica-Symmetric cavity method)
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Classical Bethe-Peierls Approximation
The Cavity Method: solving by recursion




Classical Bethe-Peierls Approximation
The Cavity Method: solving by recursion




Classical Bethe-Peierls Approximation
The Cavity Method: solving by recursion




Classical Bethe-Peierls Approximation
The Cavity Method: solving by recursion




Classical Bethe-Peierls Approximation
The Cavity Method: solving by recursion
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Classical Bethe-Peierls Approximation
The Cavity Method: solving by recursion
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One field is enough for Ising spins




One field is enough for Ising spins




But not for quantum spins

The probability distribution P(s)
is a quite complicated object !




But not for quantum spins !!!!

P Ez Es P+P: P Pr The probability distribution P(S)

I; I; is a quite complicated object !

Need for a recursion for P(s) !
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Structure of the recurrence equation

P, (S) Pz(S) P3(S)
v v v P(s)
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Solving the problem with Population Dynamics

Z(Sl —+ So9 + 83)

s2)B(s3)p(s|s1 + s2 + s3) 0

1
Z(h)

Use the “population” representation :

p(s/h) = w(s)e™
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Some Results

Ising ferromagnet in transverse field on a random 3-regular graph
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Some Results

Ising ferromagnet in transverse field on a random 3-regular graph
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Conclusions...

® A heat bath method for generic quantum spin-1/2 models in
transverse field

ows to formt
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...and perspectives

® Simulation of quantum spin-1/2 problem where no loop algorithm is known
(Quantum Spin Glasses, Quantum Constraint Satisfaction Problems....)

® Application of the quantum cavity method to the same models on
trees/random graphs i |
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