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The group members

Volodya Dotsenko Marco Picco Leticia Cugliandolo

@ LPTHE since ≈

1992 1990 1997 (part-time)

2003 (full-time)
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but also

Benoit Estienne Benoit Douçot Lara Faoro

Lev Ioffe Sofian Teber Yacine Ikhlef
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Origins

Quotes P-G de Gennes & J-P Sartre

4



La Plata, Argentina

Héctor de Vega Fidel A. Schaposnik

5



La Plata, Argentina

Héctor de Vega Fidel A. Schaposnik

@ ENS 1974-76 @ ENS 1974-76

@ Saclay 1977-79 @ Orsay 1977-78

@ LPTHE 1976 - 2015 @ LPTHE 1982, 85-86, 88, 1990
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PhD group @ La Plata
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Visits from LPTHE

Claude Viallet with Laura Schasponik Massolo @ F. A. Schaposnik’s
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Classical Topological Solutions
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Classical Topological Solutions
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Classical Topological Solutions

e.g. Chern-Simons-Yang-Mills-Higgs model

L = −1

4
FµνF

µν +
1

2
DµφD

µφ+
1

4
DµψD

µψ − V (φ, ψ)

+
µ

4
εµνα[F

αµAν − 2

3
eAα(Aµ ∧Aν)]− V (φ, ψ)

Field configurations with finite energy, not possible to smoothly transform

them into the trivial vacuum, with a topological charge Q 6= 0.

Bogomol’nyi (@ LPTMS Orsay, quantum chaos) equations :

rewrite the action as S = Q+
∫
dd+1x

∑
µ(lhsµ − rhsµ)

2

minimisation in each topological sector achieved by (lhsµ − rhsµ)
2 = 0

First order differential equations easier to solve than the second order

Euler-Lagrange ones
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Classical Topological Solutions

e.g. 2d XY model

H = −J
∑
〈ij〉

~si · ~sj

Spin (angle) configurations that cannot be smoothly transformed into the

trivial (uniform) ground state, with a topological charge Q 6= 0.

Kosterlitz-Thouless 1973

Topological phase transition

unbinding of vortex pairs

infinite order

Q∝ number of spin turns

B. Douçot’s talk
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Classical Topological Solutions

e.g. 2d melting

H =
∑
i

pi
2m

+
∑
i 6=j

V (|~ri − ~rj|)

Field configurations with finite energy, not possible to smoothly transform

them into the trivial vacuum, with a topological charge Q 6= 0.

Kosterlitz-Thouless 1973

Topological phase transition

unbinding of dislocations

unbinding of disclinations

More later
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Topological Quantum Field Th’s

A quantum field theory which computes topological invariants (since it is

not sensitive to changes in the shape of spacetime),

as expectation values of carefully chosen operators 〈Â〉

Donaldson, Jones, Witten≈ 1988 & Kontsevich

In condensed-matter physics, topological quantum field theories are the

low-energy effective theories of topologically ordered states, such as frac-

tional quantum Hall states, string-net condensed states, and other stron-

gly correlated quantum liquid states.

B. Douçot’s talk
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Topological Quantum Field Th’s
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Topological Quantum Field Th’s

G. Thompson: at present, member of the High Energy Group
and head of the Office of Associates & Federated Institutes at ICTP
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Topological Quantum Field Th’s

Marco Picco

Parts of our “parallel” PhD theses, presented in 1991
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CECS Santiago de Chile

Other participants: Daniel Cabra, Sergio Rica (Nice & Santiago), Max Bañados (Santiago)
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Swieca Summer School

Other participants: Clisthenis Constantinidis (Vitoria, @ LPTHE 01), Noureddine Mohammedi (Tours)
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Swieca Summer School

Other participants: Clisthenis Constantinidis (Vitoria, @ LPTHE 01), Noureddine Mohammedi (Tours)
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Roma
LFC : post-doc @ Roma I “La Sapienza”

1991-1994
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Disordered systems
Attractor Neural Networks

H =
∑
i 6=j

Jijsisj (Hopfield 1982) with Jij =
1
p

p∑
µ=1

ξ
(µ)
i ξ

(µ)
j (Hebb 1949)

Neuron activity

si = 1 active si = −1 inactive

Symmetric couplings

Fully connected network

Senior professors: Daniel Amit & Miguel A. Virasoro (Roma I), Enzo Marinari & Giorgio Parisi (Roma II)

Other students & post-docs : Jorge Kurchan (LPS), Remi Monasson (LPT), Stefano Fusi (Columbia), Marc

Potters (CFM), Felix Ritort (Barcelona), Misha Tsodyks (Weizmann), David Lancaster (UK)
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Disordered systems
(Dynamics of) spin glasses

H =
∑

i1 6=···6=ip

Ji1...ipsi1 . . . sip p-psin disordered models

random coupling exchanges drawn from P [Ji1...ip ]

Langevin dynamics (coupling to a bath) dsi
dt

= − δH
δsi

+ ξi

Experiments @ Uppsala, Saclay, UCLA

out of equilibrium relaxation

Aging effects

Senior professors: Daniel Amit & Miguel A. Virasoro (Roma I), Enzo Marinari & Giorgio Parisi (Roma II)

Other students & post-docs : Jorge Kurchan (LPS), Remi Monasson (LPT), Stefano Fusi (Columbia), Marc

Potters (CFM), Felix Ritort (Barcelona), Misha Tsodyks (Weizmann), David Lancaster (UK)
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Disordered systems
In the 80s @

Lev Ioffe

From 1983

Neural Network

Spin glasses

since 2012 @ LPTHE
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Disordered systems
In the 80s @

Volodya Dotsenko

Effects of weak disorder on

2d critical phenomena &

the ordered phases

(e.g. Jij > 0, no frustration)

Conformal Field Theory
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Roma
Marco Picco : post-doc @ Roma II “Tor Vergata”

Castelli Romani w/Felix Ritort & Elisabetta Pallante

Senior professors: Daniel Amit & Miguel A. Virasoro (Roma I), Enzo Marinari & Giorgio Parisi (Roma II)

Other students & post-docs : Jorge Kurchan (LPS), Remi Monasson (LPT), Stefano Fusi (Columbia), Marc

Potters (CFM), Felix Ritort (Barcelona), Misha Tsodyks (Weizmann), David Lancaster (UK)
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Critical models
Geometry & Disorder

In 1992 Dotsenko @ LPTHE, Picco @ Roma II

Geometry and statistics of the surfaces surrounding critical clusters at Tp and

Tc in the 3d Ising model

Study of ensembles of self-avoiding random surfaces, motivated by string theory

Dotsenko, Harris, Marinari, Martinec, Picco & Windey 93-95
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Guadeloupe

Lectures by

Laurent Baulieu

Michel Talon
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Paris

Marco

1993

Volodya

' 1991

Leticia

1994

1997

2003

Lev

1991

2012
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Present

What do we do now?
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Field Theory and StatPhys
Equilibrium

Parafermionic Conformal Field Theories (q state Potts models)

Higher order correlation functions in Conformal Field Theories

V. Dotsenko, B. Estienne, M. Picco, R. Santachiara,

Conformal bootstrap approach to percolation & criticality

More on the structure of equilibrium clusters at criticality

M. Picco & R. Santachiara

The random field Ising model (issues on dimensional reduction)

M. Picco & N. Sourlas
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Coarsening in spin models
Geometry in real space : snapshots at t = 4, 64, 512, 4096 MCs

Ising

T = 0

Tc

Voter

T. Blanchard, H. Ricateau, A. Sicilia & A. Tartaglia
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Coarsening in Field Th’s
Progressive elimination of vortex loops after a quench

T � Tc T = 0

t = 0 t = 3 t = 5

U(1) field theory in 3d : Bose-Einstein condensates, Helium, etc.
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Active matter
Phase diagram & the classical melting problem in 2d

0.76

0.75

0.73

0.74
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Frustrated magnetism
Artificial spin ice and vertex models

©!2006!Nature Publishing Group!

!

the vertex as a whole, there are four distinct topologies for the
configurations of the four moments with a total multiplicity of 16, as
shown in Fig. 1c. We label the configurations I–IV in the order of
increasing magnetostatic energy, but no configuration can minimize
all of the dipole–dipole interactions (even type I only minimizes the
energy for four of the six pairs in a vertex), and thus the system is
frustrated.
The lowest energy vertex configurations (I and II) have two of the

moments pointing in toward the centre of the vertex, and two
pointing out. Although the interactions between all pairs of spins
on the vertex are not equivalent, these energetics are analogous to the
two-in/two-out ice rules for the atomic moments on a tetrahedron in
spin ice. For arrays with a lattice constant of 320 nm, the energy
difference between vertices of types I and III is more than twice as
large as the energy difference between vertices of types I and II, and
the energy difference between types I and IV is more than six times as
large (based on OOMMF calculations of relaxed magnetostatic
energies). The two-in/two-out motifs (types I and II) therefore
dominate within a large manifold of closely spaced low-energy
magnetic states. Topological considerations further favour the
creation of magnetic states that are dominated by frustratedmixtures
of types I and II. For example, a domain boundary between regions of
types I and II is essentially seamless, requiring no vertices of types III
or IV. The situation contrasts sharply with that of a traditional Ising
ferromagnet or antiferromagnet, wherein magnetic domain walls
contain highly unfavourable anti-aligned spin pairs.
Magnetic force microscopy (MFM) allowed us to image the

orientations of all of the moments in a large area (10 mm £ 10 mm),
far from the edges of the arrays. To enable the system to settle into a
low energy configuration, we followed a protocol developed by
previous authors16,18 and rotated the samples in a magnetic field
which decreased stepwise from above to below the coercive field.
MFM images of the system after such field treatment revealed no
measurable residual magnetic moment for the array, and a ten-fold
variation of the step dwell times did not significantly alter the
distribution of vertex types described below.

In Fig. 2 we show an atomic force microsope (AFM) image and an
MFM image of a portion of a typical array. The black and white spots
in the MFM image, which indicate the north and south poles of the
ferromagnetic islands, confirm the single-domain nature of the
islands and demonstrate the dominance of the shape anisotropy in
aligning the magnetization of each island along its long axis. From
the MFMdata, we can easily determine the moment configuration of
the array (as indicated by the arrows in Fig. 1a). These data
demonstrate that the many vertex types anticipated in Fig. 1c can
be directly observed in the actual system. In order to probe the nature
of frustration in this system, we studied how the properties varied
with the spacing between the islands, counting between 1,000 and
3,000 islands in measurements of 2–4 different arrays for each lattice
spacing. This allowed us direct control over the frustrated inter-
actions, something which is not easily attainable in geometrically
frustrated magnetic materials.
An immediate question is whether our arrays obeyed the ice

rules—that is, did a preponderance of the vertices fall into a two-
in/two-out configuration (type I or II)? By simple counting argu-
ments (see Fig. 1c) we can predict the expected distribution of
different vertex types if the moments were non-interacting and
randomly oriented. One would expect only 37.5% of the vertices to
have a two-in/two-out configuration if the orientations were ran-
dom; an excess of such vertices would indicate that interactions are
determining the moment configuration. We compute the excess
percentage for each type of vertex, defined as the difference between
the percentage observed and that expected for a random distribution.
We plot this excess versus lattice spacing in Fig. 3a for each of the four
vertex types, as well as for types I and II combined. The excess
percentage of vertices with a two-in/two-out configuration (types I
and II) was well over 30% for the smallest lattice spacing; in other
words, over 70% of all vertices had a spin-ice-like configuration. This
excess percentage decreased monotonically with increasing lattice
spacing (decreasing interactions), approaching zero for our largest
lattice spacing, as would be expected for non-interacting (randomly
oriented) moments. In fact, the excess for all vertex types approached
zero as the lattice spacing increased, lending credence both to our
understanding of the system and to the effectiveness of the rotating-
field method in enabling facile local re-orientation of the moments.
To further understand the nature of frustration in this system, we

also studied the pairwise correlations between the Ising-like
moments of the islands. Defining a correlation function is somewhat
complicated by the anisotropic nature of our lattice and that of the
dipole interaction. We thus define a set of correlation functions
between distinct types of neighbouring pairs. The closest pairing is

Figure 1 | Illustration of frustration on the square lattice used in these
experiments. Each island in the lattice is a single-domain ferromagnet with
its moment pointing along the long axis, as indicated by the arrow. a, The
geometry of the lattice studied. The arrows indicate the directions of
moments corresponding to the MFM image of Fig. 2b. b, Vertices of the
lattice with pairs of moments indicated, illustrating energetically favourable
and unfavourable dipole interactions between the pairs. c, The 16 possible
moment configurations on a vertex of four islands, separated into four
topological types. The percentages indicate the expected fraction of each
type if the individual moment orientations on an array were completely
random.

Figure 2 | AFM and MFM images of a frustrated lattice. a, An AFM image
of a typical permalloy array with lattice spacing of 400 nm. b, AnMFM image
taken from the same array. Note the single-domain character of the islands,
as indicated by the division of each island into black and white halves. The
moment configuration of the MFM image is illustrated in Fig. 1a. The
coloured outlines indicate examples of vertices of types I, II and III in pink,
blue and green respectively.
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D. Levis, L. Foini & M. Tarzia (LPTMC)
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Quantum physics
Out of equilibrium

 
 
 
 

V

x

Dynamics after quenches in

isolated systems

rôle of disorder

Formalism: symmetries

fluctuation theorems

Impurity motion

C. Aron, L. Foini, J. Bonart, A. Tartaglia also L. Ioffe & L. Faoro
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Statistical Physics
What is it?

Phase transitions

Symmetry breaking

Higgs Mechanism

Localisation & SG

Topology

Spin-glasses

More is different
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Statistical Physics
What is it?

Phase transitions

Symmetry breaking

Higgs Mechanism

Localisation & SG

Topology

Spin-glasses

Touche-à-tout
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The future
Some students from the group

Pierre Pujol (Toulouse) R. Santachiara (Orsay) B. Estienne (LPTHE) T. Blanchard (Lycée d’Arsonval)

Alberto Sicilia (Journalist) Camille Aron (LPT-ENS) Julius Bonart (UC London) Demian Levis (Barcelona)
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