



































































































































PROGRAM FOR TODAY

O SLIDES WITH MOTIVATION 30 45min

THE NUMBERS FOLLOW THE OF THE SECTIONS IN

THE LECT NOTES

30min1 1 BASIC NOTIONS

1 2_ THIS YEAR WE Will NOT DISCUSS THE

INEQUIVALENCE OF ENSEMBLES

1 3 BATHS THEIR MODELING

15min

2h



REFERENCES

DETAILS FROM SLIDES

Books

ALTLAND SIMONS

GOLDENFELD

Parisi

Beninsky Harris
LESNE

CASTIGLIONE ET AL

CMIT

PHASE TRANS RE
STAT PHYS
INTRO STAT PHYS

PHASE TRANS

FORMALISM

THE COURSE Will BE AN

INTRODUCTION TO THEORET METHODS IN
STATISTICAL PHYSICS

CHAPTER 1 INTRODUCTION



1 1 BASIC NOTIONS

STATISTICAL PHYSICS is ABOUT GOING

FROM PARTICLES AGENTS ELEMENTS

TO

MACROSCOPIC BEHAVIOUR VIA
OBSERVABLES ORDER PARAM

NSSI ELEMENTS w MICROSC DYNAMICS

PROB TH STAT METH

A FEN OBSERVABLES W NO OR SIMPLE

TIME DEPENDENCIES

Note that going from NDI to a few
may not need an equilibrium hypothesis

to be made explicit below



PROB THEORY STATISTICAL METHODS
CAN BE APPLIED TO

Diff MicroSC DYN eg

CLASSICAL OR QUANTUM
NON RELAT ON RECAT

COUECTIVE EMERGENT PHENOMENA

EMPHASIS ON PHASE TRANSITIONS

CLASSICAL NON RELAT

HERE All IN Equilibrium Recall Stat Phys lect

BUT Comments on out of equilibrium

STANDARD METHODS BUT

Comments on new aspects too

START FROM



OUT of EQUILIBRIUM

1 EXP TIMES ARE TOO SHORT

TO LET THE SYST EVOLVE TO

EQUIL

2 THERE ARE EXT DRIVING FORCES

3 TOO MANY INT of MOTION

INTEGRABILITY

Macnose Syst OUT of EQ
A FULL FIELD of RESEARCH

Recall IN NOTES RECAP ON PASSAGE

From MECHANICS STAT PHYS

SHOULD BE KNOWN

MORE N CASTIGLIONE ET Al FOR EX



GOAL UNDERSTAND THE

MACROSCOPIC Behaviour As A function of
A FEW QUANTITIES CHARACT THE SYST MACROSTATE

ENERGY VOLUME NUMBER PART CLOSED

E OINN

TEMP PRESSURE CHEM POT
1

OPEN
thetaleft1rightT

OBSERVABLES DERIVABLE FROM

THERMODYN POTENTIALS
OPEN
FREE

ENERGY
e
g FleftbetaJbetahright
AS DERIVATIVES eg mfracpartialFpartialh
THE PROBLEM is HOW CAN ONE COMPUTE

THE THERMOD POTENTIALS



TO DO IT ONE NEEDS TO IDENTIFY

THE SYSTEM ITS INTERNAL

INTERACTIONS

THE SITUATION OPEN CLOSED

EVENTUAL ROLE of ENVIRONM

AND FIGURE OUT HOW TO DEAL WITH THE

MANY BODY SYST in STRONG INTERACTION

PERTURB THEORY MEAN FIELD
RENORM GROUP

METHODS

ALLOW ONE TO

COMPUTE THERMODYN
POTENTIAL
2 THEN ANALYZE IT



MICROSCOPIC MODELS

PHYSICAL Particle SYSTEMS FOLLOWING

NEWTON CLASSICAL DYNAMICS

Solid Liquid GAS

Vleftrright In lip

Sol
TWO BODY POT

GAS
lceil

T
PHASE

MICROSCOPIC

INTERACTIONS
DIAGRAM

CONST veei N

But Difficult to Deal with analytically
BETTER FOCUS ON OTHER CASES WHICH

ARE GOOD ENOUGH TO Discuss UNDER ST

PHASE TRANS



SPIN MODELS

EASIER TO DEAL WITH ANALYTICALLY

NUMERICALLY

eg ISING MODEL our A

LATICE

wedgenicefrach31mneq0 MAGNETISMm0
nicefracT3TcJ

OR IN MEAN FIELD

Nhs
PM m0

mto
FM

T cJ nicefracTJ
PHASE DIAGRAM

MF CURIE WEISS HleftleftSirightrightfracJNsum_ineqjSiSj
Sipm1



QUANTUM CASES

eg Quantum Gases Lianids solids

NEW PHASES SUCH AS SUPERFUND ONES

Flow with NO DISSIPATION

ALSO QUANTUM SPIN SYSTEMS

hatHleft3hatSiarightfracJNsum_leftlangleijrightranglehatSizhatSjztausum_ihatSix
OPERATORS

END OF CHOICE OF MODEL

1h 30min 1h2

SOME CONCEPTS of EQUILIBRIUM
Props

Liouville ERGODIC HYPOTHESIS



RECAP FORMALISM SEE LECTURES NOTES

CLASSICAL MECHANICS STAT PHYS

N PART leftoverrightarrowPhioverrightarrowPright
overrightarrowQleftoverrightarrowq1ldotsoverrightarrowqnright
overrightarrowPleftoverrightarrowp1ldotsoverrightarrowpNrightN2dNdm

PHASE
SPACE

NEWTON AYN TRAJECTORY

leftoverrightarrowPhileft0rightoverrightarrowPleft0rightrightFROM

TO leftoverrightarrowQlefttrightoverrightarrowPlefttrightright

TAKE ENSEMBLE Of leftoverrightarrowPhileft0rightoverrightarrowPleft0rightright
INITH

I EVOLVES0leftoverrightarrowPhi0overrightarrowPhi0right
THEM

WHAT HAPPENS W SleftoverrightarrowPhilefttrightoverrightarrowPlefttrighttright

Liouville's EQ fracdrhodtfracpartialfpartialtleftHSright



READ
CASTIGLIONE

FALCON LESNE

VULPIAN

Phys stat
Chaos etapproc
multiechelles

ERGODIC HYPOTHESIS

AFTER SOME TIME

frightarrowfleftHright

eg NO EXPLICIT TIME DEP

ONLY THROUGH HleftoverrightarrowPhioverrightarrowPright

OBSERVABLE CONSECUENCES

THE TIME AVER Of NON PATHOLOGICAL

OBSEN 0 WHICH DEP ON TIME ONLY
THROUGH overrightarrowQH1overlinePH1 REACHES A

CONST

overlinethetalim_tauggtau0frac1tauint_tttaudtthetaleftoverrightarrowvarphilefttrightoverlinePlefttrightright

INDED OF t



AND COINCIDES WITH

leftlanglethetarightrangleintdoverrightarrowPdoverrightarrowPhifleftHleftoverrightarrowPoverrightarrowPhirightrightthetaleftoverrightarrowPoverrightarrowPhiright
AN ENSEMBLE AVERAGE

overlinethetatheta

VERY IMPORTANT

ASSUME FOR SIMPLICITY E IS THE Only CONST MOTION

MANY EX IN PREVIOUS EXAMS LECTURE NOTES



overlinethetawedgethetalefttright

Fluctuations
thetaleft0right

overrightarrowt
TRANSIENT

WHILE leftlanglethetarightranglefrac1N mm

N

sum_a
me

1

as

thetaa

AVERAGE OVER MEASURES All AT THE

SAME TIME AFTER PREPARATION IN EXP OR
IN MM SIMULATION

THIS SHOULD HOLD forall REASONABLE OBSERV

sufficiently Global

NB ONE CAN HAVE OUT of EQ CASES in WHICH

eg Evin is ok BUT Epot is not



MICRO STATE VS MACRO STATE

g A PRECISE POINT IN PHASE SPACE

leftoverrightarrowQlefttrightoverrightarrowPlefttrightright
OR A PRECISE SAN CONF Will BE

CALLED A MICRO STATE

INSTEAD AN ENSEMBLE OF MICRO STATED

WITH THE SAME Machose Prods will

BE CALLED A MACRO STATE

1.2 THE CLASSICAL GIBBS ENSEMBLES

SITUATION OPEN CLOSED



MICROCANONICAL ENSEMBLE

CLOSED SYSTEM ECT Va NCT

f0forallconfnicefracomegaEHYPOTHESIS fleftHright

0 other confs

All CONFS ONTHE CONST ENERGY X 1 dim
SURFACE INIDIMPHASESPACE ARE EQUALLY PROBABLE

DENSITY of STATES

gleftErightequivintdoverrightarrowPdoverrightarrowQdeltaleftHleftoverrightarrowPoverrightarrowQrightEright
VOLUME OF PHASE SPACE WITH HleftoverrightarrowPoverrightarrowPrightE

MICROCANON

ENTROPY SleftErightkBlngleftEright



MICROCANONICAL

TEMPERATURE

frac1TleftErightfracpartialSleftErightpartialE

NB
If THERE ARE OTHER CONSERVED QUANTITIES

eg Momentum
overrightarrowI or angular mom overrightarrowL

RESTRICT FURTHER THE AVAILABLE PHASE
SPACE But Still Assume ftoverrightarrowP1 etc f0



FROM MICROCANONICAL TO CANONICAL

TRACE OUT A PART OF TOTAL SYST
ASSUME IT'S SHORT RANGED COUPLED TO

PART OF INTEREST

ASSUME BATH SYSTEM IN SIZE

FOLLOW NOTES

fleft3overrightarrowQcdotoverrightarrowPxirightebetaHleft3overrightarrowQoverrightarrowPright
Z PARTITION FUNCTION

β KBT FIXED BY BATH PROP

PFlnZ it's A FUNCT of β AND PARAM

IN H

EQUILIBRIUM MINIMIZE F



ALSO HOMEWORK

FLUCTUATION DISSIPATION THEOREM
VARIATIONS WRT PARAM

FLUCTUATIONS

fracpartialL

partial

E

ThBbeta2leftlangleleftEleftlangleErightrangleright2rightrangle
A susceptibility A FUCTUATON

IT'S MODEL INDEPENDENT
HOLDS IN THE CANONICAL ENSEMBLE
IT HOLDS IN TOTAL GENERALITY
BEYOND ANY EXPANSION

Proof

E

fracpartiallnZpartialbetaleftbetaright TAKE THE DERIVATIVE

EXPLICITLY
DONE



CONDENSATION OF ENERGY FLUCTUATIONS

leftlangleErightranglethetaleftNright EXTENSIVITY

fracpartialleftlangleErightranglepartialTthetaleftNright AS WELL

leftlangleleftEleftlangleErightrangleright2rightrangle

IEEE thetaleftN12rightthetaleftN12right
0Ninfty

NARROWER AND NARROWER PE

leftlangleErightrangle Emicrocanonical

JUSTIFICATION OF THE

EQUIVALENCE OF ENSEMBLES



1 3 REDUCED SYSTEMS

SYSTEMS AND BATHS

HOW TO MODEL A BATH

HOW TO REDUCE THE SYSTEM

BATH

syst

MEGA BATH

FIXES beta

ZSigmaSigmaebetaH
conf

systbath

HH syst I bath H int



SAY THAT THE BATH IS MADE of

HARM OSC

Hbathsum_
aN

1leftfracpia22mafracmaomegaa22qa2right
AND

SYST JUST ONE PART

HfracP22MVleftxright
BILINEAR INT SIMPLEST CHOICE

Hint timessum_acaqa

H is QUADRATIC IN AU VARIABLES

EASY



INTEGRATE OUT pia Gag

intprod_adpaint_aproddqa SUM OVER
CONFS

ZRED
gag

Sigma ebetaH RED

HRED Hsys frac12sum_aN

OSC

afracca2mawa2x2
HRED neq Hsyst

ARGUE ca2sigmaleftnicefrac1Noxright
DROP CONNECTION



OR NOT

AT THE BASIS of

LANGEVIN EQ For STOCH DYN

ENVIRON DRIVEN EFFECTS

SPECIALY IMPORTANT QUANTUM

Mechanically

FEYNMAN VERNON

LINDBLAD FORMALISM


