







































































































PROBLEMS 4
The replica method 2 2

Problem4.1 THE RS CALCULATION

III THE RS OVERLAP DISTRIBUTION

Under theRs assumption the overlap distribution
is simply ptgSH 9

y

p

Theoverlap cantake only one
Value thatmust coincide with the overlap between

configurations in thesame purestate which is therefore
unique Also 9Ea 9o

121 RS FREE ENERGY

a b b bQ
baa b Same Rs structure as Q
b b b
b b b a










































































































To determine a and b impose QQ 1 1

We have

aa f
where

Ce At bgo n 1 I h 2go 4 4902 1
It 2 go 41295

Cz ago t b th 2 gob 9etk 9 9 EE.no
1tch 2 go n 1got

EiII
b 92

It 2 goCn195

The saddle point equation reads
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Which is solved by 95 0 This is the
paramagneticsolution the typical overlap between two
equilibrium configurations is zero meaning that the
magnetization patternsareuncorrelated

In problems 3 wegot

Jatdg.be
VtnEQTtoCN

with AnEQ hzeogltae t logdetQ t 13 a
9aPb

If 95 0 then Of H and

In e
108 te tMhz132 ofµ

and usingthe replicatrick

f tiffs line Ip fz eoglz Pk fa

TheRS free energy coincides with theannealed










































































































Problem4.2 THE RSB CALCULATION

III THE 112513 OVERLAP DISTRIBUTION

we have PIN fine Eb 4g gato

In the 1RSB ansate with parameters µ 99,9

Es Sfg gist n n E 819 gilt
J T numberof

numberofdiagonal
offdiagonalelements

blocksofQ
ineachblock

fnlzil n.MEJ8lq 9o
JPpTq

nhmo nnI 819 9 EE 81g qD

qq.ge ytr slg yo I










































































































Therefore the overlap distribution new has
twopeaks one which corresponds to the

overlap within one state and one with
the overlap between replicas falling in
different States Like inREM

The quantityG gives the probability that

extracting two configurations at equilibrium

they are found in the same pure state
In the REM wegot 9 1 go 0 and µ T1Tg
for TeTg In the spherical pspin theseparameters haveto
befixedbythesaddle point equations

II 112513FREE ENERGY 2 SADDLEPOINTEQUATIONS

The expression ofthe 1GB freeenergy is derived below
TheRs limit is obtained when µ 1

Let us derive thesaddle point equations

EQVATIONTORqoaf.is
pItrPR9om uEa a.g E iiiii iiiits2 µ µ
I I pep132got

1 t
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This admitsthesolution95 0

EQVATi0NFoR

2fq B'pepDq g t.ua qo s
t

Z µ M µ
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For 90 0 this becomes

FpgaIgE qztAI q
0 1

µ µ M

EQUATIONFORM

JLUSB PHE 9M 64 t

1192 94
3

9 90 O

µ 2 92 44290 L1 9 like 9DZ

For90 0

13291 the legftp.I q tu9Ezfq qg
0 2



THE RANDOM FIRSTORDER TRANSITION

The IRSB saddlepoint equations alwaysadmitthesolution

µ 1 go 0 9 the paramagnet

However whenTeTc a second solution appears which has a lower

freeenergy Weassume that µ is continuous at FTc Meaning
that µ I alsoatTc Then equation t is satisfied and

equation 2 becomes

132g log 1 94 91 0

Onecanstudy this equation graphically forvariousp andp
Let F911 13291 t log 1 91 t91
Onesees that F91 0 0

Hq 4 0

To Vanish at somepoint 9110 the function F ga mustbe
nonmonotonic Take123.1
Onecanshowthat F gin O for gin 1tf
and F gin 932 tlogftp.z 9 o

Z

Therefore forsmall1 largeB thefunction Fga mustcrosszero at
someop o because
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In fact there exists a Tc such that

Fga T Tc

q 1 Numerically

µ
Pci 1.2066 111
forp 3

I

Thus

d T Tc µ 1 90 0 9 Paramagnet

b 7 Tc p 1 qo 0 9 70 jumping
c Tak p s1 95 0 91 70 as 1 0 91 01 andp 0

Theoverlapoff gene changes with1 in thelow T phase at variance

withREM



Extra derivation IRSB free energy

In Problems 3 we obtained

E III dq e
t to

FIL If Egapstatog ta e Hzlogdetta
We now plug the 1RSBstructure ofQ

91 n t n_MMng InA aHuD g
P

M N
The expression forthe determinant canbe obtained diagonalizing
Q and takingtheproductofthe eigenvalues withthe correct degeneracy

Thisgives

logdetQ nqeIGgfa.ge tnfe GgLpelge9oIt19a
logIngoMlggo t 1 of

Sinceweneed h so we now expand AnEp around no upto
linearorder Weget



gab n11 GeDg µgot t 0th

and

Eog ngotµ 91go t 1 9

logflag94 1 9 fttnfq.q.a.geDµ

log1M gago1 1 92 t h9o_
He g z g

9h4

Thus

AnEQ n PIft tha 1 91 µgolfteoglzaelttztf bgh.tk

12µLlogLidge9 It 191ttzyfq.ggq.Jt8ln4I

nA aIxolM

Therefore once thesaddle point is performed

zT e
N nAoLoi toln't to1N

f finning tpfE.int tpAolaI
whichisthegiven expression


