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SUMMARY LAST LECTURE

The saddle point solutions p spinmodel

z.T.jo e
t t

a ftp
9

spaceof nun matrices
Ofoverlaps gab grad

overlap matrix
N

Action AnIQ nzlogfzaelttzlogdetoiEE.gg
Saddle point equations

Stigall Bpgift Q 1
ab fo 0 asb

EE nfn coupled equations to study when h so

infinite space where to search for solutions need
a goodguess ansate

17 if find morethan one solution choose the one
with LOWER freeenergy










































































































We mentioned two ans'Itze

1 REPLICA SYMMETRIC

a feet 1 Epa t O

Solution goto 01 11

The free energy coincides with annealed

This is always a solution forall T

2 1 STEP REPLICA SYMMETRY BREAKING

Q
9 9 go
fi

size µEn

Three parameters go.ge µ










































































































If you finish Problem 4.2 solutions in wiki

solutions saddle point equations mo

he At high T only one solution M 1 and qie0 q
This is the Rs solution

At FTc another solutionappears with

µ 1 96 0 and 91 70 RANDOM
FIRSTORDER

At TaTa good solution has
TRANSITION

9 O µ T gilt non trivial T dependence

and firn 9247 1 fine fill 0

Recall REM Problems Cf O gie 1 fi Thy for 15g

THE PHYSICS










































































































ORDERED PHASES PURE STATES

In ordered phases BoltMann measure
clusters into PURE STATES Sub Components
L 1,2

Each conrig belongs only to one pure state

He Alot observable Wa t
e
BE 1

Then

A WaCA a

average over

averageover pure state in
Boltzmann

Two configurations e.g Al FF't 918 El
Then SHE D t.EEgwrwrsoi7rsoIso fgwrws

9rsPplgls8lq qhE.oH7 E wows81998rr

CfEA Gaa fifty Loi a Soi k










































































































Replicas probe the correlations between States

The saddlepoint captures them

Blat fine 2 4.49 9 b

Fa tangy 9ab overlap between
replicas insanestate

HOW ENCODED IN REPLICA FORMALISM

RS ANSATZ

of l ii
Bm guardn

N ie










































































































Spherical pspin solution go O is good one at T high

BHT Slg

gea o
PARAMAGNET

1 RSB ANSATE
configurations selectedby
Boltzmannorganite into
several PURE STATES

a fi I i

Spherical pspin at 7Tc besides Rs solution a IRSB
solution with go 0appears

q 3o

This IRSB solution is thecorrector for Tete










































































































PpfgT p G Slg ftMts Sfg 9th Tete

EA gift SPIN GLASS

The IRSB structure is exact for several models
spherical pspin constraint satisfaction problems

also structural glasses

K RSB ANSATE

1,92 of 91
g I l

ii a

1,92 of 91
Go 92 I

y 91 4,92
92 t

11,9291 91
92 I










































































































ClustersofStates hierarchical organizationof pure
States States insideof stales

a TheK2 stepRSB

i I

pureStates
areclustered in groups

92791290

FULL RSB ANSATE

Iterate scheme an infinite numberoftimes

The overlap distribution becomes a continuous function

PPI Y t
a










































































































PROBING THESE SCENARIOS

Recall twoprotocols her susceptibility

1 FIELD COOLED add magnetic field coolslowly
the system with magneticfield switch field

to zero 2 measure response Xtc
2 ZERO FIELD COOLED Coolsystem thenadd

field then switch to zero measure

response Xzec

0

I 7 TIS

In replica language measure
responseXie 13ft JodyBHTg averaged
overStates

Xzte p 1 Gea measure response
withinonestate










































































































FERROMAGNETS vs SPIN GLASSES

Their equilibrium description










































































































FERROMAGNET SPIN GLASS

ORDER
PARAMETER

qeanfimfiyh.la y

a0ild0iHlMfifonY7 EEsoik Thermodynamically

g y e
BEKttph.E.fi 9EA ehjMofifty so

h symmetry breaking field
9k e

BE 4345

small interaction

actsas a fieldfor H

PARAMAGNET TBI M O PARAMAGNET TIK M 0qeaO
FERROMAGNET FTC IMI 0 SPINGLASS TEI M O Igeal 0

GEA M2

EH s

gj
TwopureStates a More pureStates
Relatedbysymmetry z Not relatedbysymmetry
Selectedbyfield h To selectone coupletoother

equilibrium configuration










































































































OVERLAPS

GEA M2 go m2 9EA 9ax forall

Ppg
sumsof8 forkRsB

Ppg L1819m2 t8 qtm4 continuous forfullRSB

Always includes 9 0

BROKEN

SYMMETRY 71 Replica symmetry
72

permutation symmetry

when n o










































































































COMMENTS
g
meaning withhierarchical structure

ofStates intoStates

a How to break replica symmetryunderstood by
G Parisi in the7Os

1 Different RSB correspond to different
physics response to perturbations

amThe Cow T solution of the SK model E 1

EEE Jij OiOj is full RSB GUERRA
TALAGRAND

PARISI 7g Mathematically proven PANCHENko

Domo Meanfield models of structural glasses have a

RS IRSB transition random 1st order

and a IRSB foll RSB transition Gardner transition

solved 2014 PARISI URBANI ZAMPONI

h In thesedays replica theory used in several other
disciplines eg

Machinelearning










































































































overlap matrix hierarchy of States
f ultrametricity

overlap
distribution
fullRSB

breaking
replica
symmetry
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