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From sometime ago & far way
to nearby & present times

Onsager Prize, APS Global Summit 2025

A bit of embarrassment
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From sometime ago & far way
to nearby & intermediate times

thanks to Vicky Kurchan for the picture Prix Servant Académie de Sciences 2005

More embarrassment
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Jorge
From long ago & far way to intermediate times

Prix Servant Académie de Sciences 2005

Prizes since very young age

for running very very fast (?) Still more embarrassment
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Very porteño∗
Universidad de Buenos Aires - Comisión de Energía Atómica

Undergrad PhD

∗From Buenos Aires. Not always loved by people from “province” – like me.

5



Studies
Universidad de Buenos Aires - Comisión de Energía Atómica

Chat chat chat at the cafeteria... Daniel Bes PhD Supervisor

A lot of psychoanalysis (deep porteño culture)
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Studies
Universidad de Buenos Aires - Comisión de Energía Atómica

Chat chat chat at the cafeteria... Daniel Bes PhD Supervisor

but also Borges & literature
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PhD Thesis
Nuclear Physics

From Buenos Aires to La Plata
with P. Leboeuf et al. to attend Field Theory Lectures
with D. Bes to discuss with F. A. Schaposnik
At the time, no highway,∼ 3h by car along jammed Av. Calchaquí
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Weizmann Institute
Post-doc: Nuclear Physics−→ Statistical Physics

Unfortunately Eytan had to cancel
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Weizmann Institute
Post-doc: Nuclear Physics−→ Statistical Physics
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Roman times
La Sapienza
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Roman times
La Sapienza - San Lorenzo

Miguel Virasoro

Two very porteños together:

lots of Argentinian/World politics discussed

Quartiere San Lorenzo

So many very good friends:

Raff, Gae, Tassos & Paulette,

Simona, Sergio, Giulia, Felix,

Marco, David, Marc, Enzo

Nicolas, Rémi, Thierry

12



Roman times
Early 90s in Rome

Daniel Amit Miguel Virasoro Giorgio Parisi

Neural Nets Disordered Systems

Roma I Sapienza Roma II Tor Vergata

Very lively, socially & scientifically
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Mean-Field Modelling
Classical p-spin Spherical Models

Potential energy

V = −
∑

i1 6= ... 6=ip

Ji1... ip xi1 . . . xip p integer

quenched random couplings Ji1... ip drawn from a Gaussian P [{Ji1... ip}]

(over-damped) Langevin dynamics for continuous spins xi ∈ R
coupled to a white bath 〈ξ(t)〉 = 0 and 〈ξ(t)ξ(t′)〉 = 2γkBTδ(t− t′)

γ
dxi
dt

= − δV
δxi

+ ztxi + ξi

zt is a Lagrange multiplier that fixes the spherical constraint
N∑
i=1

x2i = N

p = 2 mean-field coarsening
p ≥ 3 RFOT modelling of glasses Kirkpatrick, Thirumalai & Wolynes 87-89
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Dynamic equations
Integro-differential eqs. on the correlation and linear response

In the N →∞ limit exact and closed causal Schwinger-Dyson equations

(Average over randomness, random initial conditions and thermal noise)

(γ∂t − zt)C(t, t′) =

∫
dt′′

[
Σ(t, t′′)C(t′′, t′) +D(t, t′′)R(t′, t′′)

]
+ 2γkBTR(t′, t)

(γ∂t − zt)R(t, t′) =

∫
dt′′ Σ(t, t′′)R(t′′, t′) + δ(t− t′)

where Σ and D are the self-energy and vertex, which for p spin models read

D(t, t′) = p
2 C

p−1(t, t′) Σ(t, t′) = p(p−1)
2 Cp−2(t, t′)R(t, t′)

zt is fixed by C(t, t) = 1 Sompolinsky & Zippelius 82, LFC & Kurchan 93

Similar to Mode-Coupling Theory for liquids Götze et al 80s or DMFT for quantum systems

Georges & Kotliar 90s, but not necessarily in equilibrium
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Weak ergodicity breaking

lim
t−t′→∞

lim
t′→∞

C(t, t′) = qEA lim
t�t′

C(t, t′) = 0

Bouchaud 92

Weak long-term memory

lim
t−t′→∞

lim
t′→∞

R(t, t′) ' 0

but

σ(t, t′) =

∫ t′

0

dt′′ R(t, t′′) −→ f(C(t, t′)) = finite

LFC & Kurchan 93

allow us to solve the integro-differential eqs. asymptotically
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Weak ergodicity breaking

lim
t−t′→∞

lim
t′→∞

C(t, t′) = qEA lim
t�t′

C(t, t′) = 0

Bouchaud 92

Weak long-term memory

lim
t−t′→∞

lim
t′→∞

R(t, t′) ' 0

but

σ(t, t′) =

∫ t′

0

dt′′ R(t, t′′) −→ f(C(t, t′)) = finite

LFC & Kurchan 93

and capture aging, non-stationary relaxations
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TAP Free-energy Landscape
p ≥ 3 spin models

N “order parameters”

fre
e-

en
er

gy
de

ns
ity

mostly maxima

threshold approached from quench

lim
t→∞

e(t) = eth

mostly minima

The dynamics is linked to the topography of the landscape

Both for physical and algorithmic dynamic rules
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TAP Free-energy Landscape
p ≥ 3 spin models

N “order parameters”

fre
e-

en
er

gy
de

ns
ity

mostly maxima

threshold approached from quench

lim
t→∞

e(t) = eth

mostly minima

Flat threshold as an attractor for the spherical p-spin relaxation

Both for physical and algorithmic dynamic rules
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Fluctuation-dissipation
Induced vs. spontaneous fluctuations in the spherical p-spin model

A quench from T0 →∞ to T < Tc

T ∗T
tw3
tw2
tw1

1
kBT ∗

1
kBT

χ(
t,

t w
)

C(t, tw)
0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

1

parametric construction

tw fixed

tw1 < tw2 < tw3

t− tw : 0→∞
used as a parameter

T ∗ > T

Breakdown of the equilibrium FDT kBT χ = C

Convergence to kBT χ(C), two linear relations for C ≶ qea
Mean-field models LFC & Kurchan 93
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Fluctuation-dissipation
Interpretation in real & configurational space

Short-scale

ruled

equilibrium external bath

The fluct-diss relation

with the bath temperature T

Large-scale motion

by the

internal dynamics

holds

another temperature T ∗

transverse

longitudinal

motion

in the landscape

After cooling from equilibrium at T0 > Td, hotter T ∗ > T

After heating from equilibrium at T0 < Td, colder T ∗ < T

Support for the temperature interpretation later
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Rome−→ France
Post-doc −→ CNRS

LPT ENS

Dept. Physique ENS Lyon

PMMH ESPCI

LPS - Dept. Physique ENS
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Effective temperatures
Measurement with thermometers

LFC, Kurchan & Peliti 97

M
 c

o
p

ie
s 

o
f 

th
e 

sy
st

em

Observable A

’

’

Thermometer

(coordinate x)

Coupling constant k

Thermal bath (temperature T)

A A A A

.   .   .

α=1 α=3 α=Μ

x

α=2

Grigera & Israeloff 99 - glassy
D’Anna, Mayor, Barrat, Loreto & Nori 03 - granular
Boudet, Jagielka, Guerin, Barois, Pistolesi & Kellay 24

artificial active matter - robots, etc.

• Short internal time scale fast dynamics is tested and T is recorded.

• Long internal time scale slow dynamics is tested and T ∗ is recorded.

Related to the phenomenological fictive temperatures of Tool 46, Gardon & Narayanaswamy

70, Moynihan et al 76, etc. but measurable & with a thermodynamic interpretation

Also appearing in stochastic thermodynamic relations
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Effective temperatures
Induced by one (or more) baths

Exercise : motion in contact with a complex bath

Sketch created by ChatGPT

Γ = Γcold + Γhot

Γcold(t− t′) = 2γδ(t− t′) and T Γhot(t− t′) = γhot/τ e
−(t−t′)/τ and T ∗

LFC & Kurchan 00, Zamponi et al 05, Ilg & Barrat 07, etc., cfr. tracer in pasive & active bath
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Interacting systems
Self-consistency

In classical interacting systems (e.g. glasses, active matter, powders) some-

times one selects some variables and treats the rest in some self-consistent

way. Say this variable is φ

Results in an effective Langevin equation with a self-consistent friction

Mφ̈(t) +

∫
dt′ Γf (t, t′)φ̇(t′) = −δV ({φ})

δφ(t)
+ ξ(t)

and coloured noise with correlation 〈 ξ(t)ξ(t′) 〉
The friction Γf and noise 〈 ξ(t)ξ(t′) 〉 kernels are self-consistently determined

in terms of correlations C and linear responses R of the original variables, re-

presented by φ. They also get contributions from the external bath cfr. DMFT

Sompolinsky & Zippelius 80s, LFC & Kurchan 90-early 2000s, Zamponi et al, Altieri et al beyond physics
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Interacting systems
Self-consistency

Results in an effective Langevin equation

Mφ̈(t) +

∫ t

dt′ Γf (t, t′)φ̇(t′) = −δV ({φ})
δφ(t)

+ ξ(t)

with friction Γf = Γf
B︸︷︷︸

bath

+ Γf
int︸ ︷︷ ︸

syst

= ΓB + Γf
int(C,R)

↘
& correlated coloured noise 〈 ξ(t)ξ(t′) 〉 = kBT ΓB︸ ︷︷ ︸

bath

+ Γ
n
int(C,R)︸ ︷︷ ︸
syst

While for an equilibrium external bath kBT Γf
B = Γ

n

B the equilibrium

fluctuation dissipation relation is not ensured for the internal contributions

and it does not apply below Tg
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Glassy Dynamics
Quenched random systems↔ Structural Glasses

Collaboration with Jean-Philippe Bouchaud & Marc Mézard

A global picture for the dynamics of different glassy systems

Kirkpatrick, Thirumalai & Wolynes, late 80s

Kurchan & Laloux, Phase space geometry and slow dynamics, J. Phys. A 29, 1929 (1996)
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Glassy Dynamics
Quenched random systems↔ Structural Glasses

Jorge & Marc Jorge & Jean-Philippe

12th International Congress of

Mathematical Physics

Brisbane, Australia

13-19 July 1997

Nonequilibrium Statistical Physics :

Glasses, transport & friction, biological

systems, and turbulence

Boulder School

2-27 July 2001
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Paris
A family man
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Fluctuation Theorems
for Langevin dynamics: rendering them understandable

P (σt)

P (−σt)
= eσt

with σt =
∫ t
0
dt′ f(x(t′)) · v(t′)/〈σt〉 the fluctuating power of a force f(x(t′))

CNRS at ENS-Lyon – 1996 - 1999

31



Sheared super-cooled liquids
Non-reciprocal interaction ante tempus

Ludovic Berthier (PhD Student) Jean-Louis Barrat (Co-supervisor)

CNRS at ENS-Lyon – 1996 - 1999
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Organization skills
Les Houches 2002 - collaboration with Jean-Louis Barrat

Among the students students: Eric Bertin, Giulio Biroli, Ludovic Berthier, Daniel Domínguez, Tomás Grigera,

Eytan Katzav, Ale Kolton, Florent Krzakala, Greg Schehr, Guilhem Semerjian, Cristina Toninelli, Thomas

Voigtmann, Olivia White, Stephen Whitelam, Emanuela Zaccarelli, Francesco Zamponi.

Do not know what happened to the students of the parallel Russian session
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Les Houches 2002
First steps into fatherhood
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Quantum annealing
and their failure to solve hard problems

First order quantum phase transitions at T = 0

hinder quantum annealing algorithms

José Eduardo Wesfreid
CNRS PMMH at ESPCI – 1999 - 2012
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Simulating Rare Events
part of J. Tailleur’s PhD Thesis

José Eduardo Wesfreid
CNRS PMMH at ESPCI – 1999 - 2012

36



More on Glasses
in large dimensions

Derivation & analysis of the free-energy density and use of Gardner’s ideas:

“Random First Order Transition (RFOT) scenario is realized here with two thermo-
dynamic transitions : the usual Kauzmann point associated with entropy crisis, and
a further transition at higher pressures in which a glassy structure of micro-states
is developed within each amorphous state.”

+ P. Charbonneau, G. Parisi, PF Urbani & F. Zamponi

The derivation and analysis of the effective Langevin equation for glasses

Mφ̈(t) +

∫ t

dt′ Γf (t, t′)φ̇(t′) = −δV ({φ})
δφ(t)

+ ξ(t)

+ T. Maimburg & F. Zamponi
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Just a little bit about my own work

Time reparametrization invariance
and fluctuations

more in Jorge’s talk tomorrow, I presume
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Time reparametrization invariance
In the long tw limit

Fast t− tw � tw

tα

1
qea

Cag

aging

stationary Ceq

t − tw
10510310110−1

1

The aging part is slow

R(t)/R(tw) = O(1)

Cag(t, tw) ∼ fag

(
R(t)
R(tw)

)
∂tCag(t, tw) ∝ Ṙ(t)

R(t)
−−−→
t→∞

0

∂tCag(t, tw)� Cag(t, tw)

Eqs. for the slow relaxation Cag < qea are invariant under

t→ h(t) C(t, tw)→ C(h(t), h(tw)) R(t, tw)→ ḣ(t′)/h(tw)R(h(t), h(tw))
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Consequences
Characterize the spatial fluctuations

• There is an approximate dynamic symmetry :

global time reparametrization invariance

• There is a soft/massless dynamic mode associated to it,

with a two-time diverging correlation length ξ(t, tw)

Extract it from, e.g

C4(r, t, tw) = 1
N

∑
i,j/|~ri−~rj |=r

〈si(t)si(tw)sj(t)sj(tw)〉c

• Characterize dynamic fluctuations - heterogeneities

C~r(t, tw; `, ξ), ρ(C~r, χ~r; t, tw; `, ξ), multi-time functions, etc.

• Disentangle simple dynamic scaling implications from time reparametri-
zation invariance ones.
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Leading fluctuations
Global to local correlations & linear responses

Cag(t, tw) ≈ fag
( R(t)

R(tw)

)
global correlation

Global time-reparametrization invariance ⇒ Cag
~r (t, tw) ∼ fag

(
h~r(t)
h~r(tw)

)
Ex. h~r1 = t

t0
, h~r2 = ln

(
t
t0

)
, h~r3 = e

lna>1
(

t
t0

)
in different spatial regions

1e+00

1e-01

1e-02

1e+061e+041e+021e+00

C

t-tw

h2
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h3
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χ

C

h3

h2

h1

Castillo, Chamon, LFC, Iguain &
Kennett 02, 03

Chamon, Charbonneau, LFC,
Reichman & Sellitto 04

Jaubert, Chamon, LFC & Picco 07

More recent perspective: time-reparametrization invariance in SYK models
Kitaev 15, Maldacena & Stanford 16, more in J. Kurchan’s talk
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Concluding words

Super imaginative: Kurchan theory alert !∗

Strong ideas: Nadie ignora∗∗

Very generous with his ideas

Hard worker, although it may not seem so...

Passion for debate Julien,Guilhem︸ ︷︷ ︸
disagreeing

, Laurette︸ ︷︷ ︸
agreeing

, etc.

Acid humor (?)

∗David Dean’s, ∗∗Fernando Rodríguez Villegas contribution
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The best result
and an excellent father

and now I embarrassed the boys who should be sitting in the audience too
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