







































































































Problem 3 the replica calculation for p spin

STEP 1 FROM QUENCHEDRANDOMNESS TO INTERACTIONS

The nth power ofthepartition function is

L at DE expfBiEy.p3i ip oE oiptoiE op t tonia Oi

When
averagingoverthe couplings Tie ip we use again

thepropertiesof INDEPENDENCE andGaussianTY and get
T

fdoIts i It e Ei 0 TOE ok a o

a

The square at the exponent can be re written as

a.EEeGEobiaI Cop o

Therefore usingagain that EE sie Fifeie
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weobtain

E III doe e IEEE I K 0L

t.fI.g.a.ge naEEiEI

In this expression the quenched randomness has
disappeared but the replicas are coupled

Step1 start fromexpression withreplicas decoupled subject tosamedisorder
Afteraveragingendupwith COUPLEDREPLIAS interacting theory nodisorder

D2 STEP2 DIMENSIONALITY REDUCTION

Thefinal expression of E shows that the
integrand depends on the variables 0 only
through global quantities the scalar products
between the E
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We can therefore identify a setof functions the
overlaps between the replicas

gas qfiosf E.no 7
that are ORDER PARAMETERS Of the theory like the
magnetization m t.EE in the mean field Ising
model In particular in 1 1 we can replace the
integral over all possible configurations ofthe E
with an integral over all possible valuesof the
overlaps using

suntans

Itsday
4915907 gab 1

integrationvariablesnumbers

Plugging this in 1 1 we obtain

II far e Ea EET

f IDE Safag que g e
EI.fi 5

ab ab

exchange
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II dgabftI.f.AETsfeqajJeENaEa9asacb
Wecall the volume term

NELEgabbidid
VKqa.ba lI.f.aoYTlsfaheioTqa e

acts

where I is the entropy of configurations satisfying
the constraint on the overlaps being equal to gab

We introduce the run matrix with components

Qas 9ab Asb
OVERLAP

f ya ab a
MATRIX

Then it can beshown exercise solutionbelow that

to e
d 5 LQI zeogf2aeltlzlogdet.IQ

and thus
µ E

E It olga e
2 95 Flogfate logdelta
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This theory now is expressed only intermsofQ

E J II olga e AIN tou

y
tahection

FLQ BI a 9aPb
th logKae logDetEQ

Step2 re write the integral over configurations ds integralover

emerging order parametergab Same as magnetization

for mean need Ising
2

sina.EE e
s

47geIig a ns
with magnetization m

In the replica calculation have nlz
order parameters to integrate
over We started with Nn variables HUGE

DIMENSIONALITYREDICTION due to mean field
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131 STEP 3 SADDLEPOINT SELECTINGTHETYPICAL

For largeN the integral overthe space of him matrices

Q can be computed with a saddle point approximation

The derivative with respectto a matrix Q has to be
intended as the derivative wart its components

P

2jg.la 2p9aEt
zqafogdettQJ

2 QYab
TsymmetryQ

Therefore the saddlepoint equations read

P9aE t CQDas 0 for all asb
Q p

Q saddle pointvalue

TO proceed need tomake assumptions on structureof gab at
the saddlepoint d VARIATONAL ANSATE

Comment there is one simple solution to the

saddle point equations
mm mm
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