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Surprises in Theoretical Physics: 

One of the fascinating aspects 
of Theoretical Physics 

is that unexpected connections 
between seemingly unrelated 
questions or fields emerge, 

sometimes across 
many decades of research



Condensed Matter Physics at CPHT: 
From the Jungle of Materials… 

Henri (Le Douanier) Rousseau:
``Physicist challenged by a 
Hi-Tc superconductor’’
(Kunstmuseum, Basel)





2006: Visit of Ole and Sanne Andersen

2004 : Our first cluster !
THANK YOU, Computer and Admin team !



From Materials… to the ideal world 
of Models…

The Weisshorn and the Hubbard Model: 
Two hard to climb mountains…



Simplest « toy model »:
The Hubbard model

t: Tunnel amplitude à bandwidth
U: On-site matrix element of screened Coulomb interaction

4N states !



In 2002 , the Hubbard model 
stops being 

`just a toy model’ ! 

Ultra-Cold Atomic Gases 
in Optical Lattices

A `new’ (now ~ 20 years old) 
field at the interface 

of Condensed Matter Physics and 
Quantum Optics. 



Experimental observation of the Mott transition 
(cold bosonic atoms)

Phase coherence between wells 
in superfluid phase
>interference pattern 

Sir Nevil F. Mott



Ultra-Cold Atomic Gases

BEC COOLING



The Hubbard model can be realized using
quantum optics techniques 

Gas of cold atoms in optical lattices: 
«artificial crystals of atoms and 
light »

D.Jaksch et al.
PRL, 1998 



Cold Atoms and Condensed Matter Physics:  
very different characteristic scales, but similar `big questions’

Slide: courtesy
J-P Brantut



A most influential theory paper 
(Google scholar as of yesterday: 3960 citations)



Reflecting on missed opportunities 
(suprises I couldn’t see)  …

Ecole Normale, 1st floor, 1996:

Ecole Normale, 0/1st floor, Late 80’sà Nobel prize 1997

Ecole Normale, 2nd floor, 1992:



Some nice consolating successes … 
… at CPHT !

Science, 2013

Corinna, Michel (and Petra) 
@ group BBQ, 2009



The Hubbard model: 
simple as it stands, still a very 

challenging problem !

One of the routes to try climbing 
this mountain: 

Dynamical Mean-Field Theory
(and its extensions/generalisations)



Dynamical Mean-Field Theory:
viewing a material as an (ensemble of) atoms 

coupled to a self-consistent medium

Effective
Medium

Atom

Solid: crystal lattice of atoms



From spherical cow models…
… to real materials

SrVO3
Happy marriage of DMFT and first-principles electronic 
structure based on DFT or GW !
CPHT Implementation (part of the TRIQS library):



Cluster extensions of DMFT and the 
`pseudogap’ of the 2D Hubbard model



``Atom in a bath’’



Atom in a bath: the amazingly fertile 
Kondo problem
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Magnetic impurities
In Metals

(60’s, 70’s: Friedel, Anderson, Kondo 
and many others)

Suppression of Coulomb 
Blockade in Quantum Dots
(Glazman&Raikh; Ng&Lee 1988

Goldhaber-Gordon, 1998)

Conformal Field Theory
Affleck and Ludwig’s 
`fusion principle’ 1995

First application of RG 
To condensed matter physics !
(Anderson,Yuval,Hamann, 1970)

First Non-
Perturbative 

Numerical RG
(K.G.Wilson, 1975)First `non Fermi liquid’

fixed points
Nozieres and Blandin 1981 Building blocks of DMFT

(AG & G.Kotliar, 1992)
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The Sachdev-Ye model (ancestor of SYK) 
Large-N Kondo inspired early derivation of Entropy

H =
X
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SU(N) spins, Large-N, Random Jij

SYK model: H =
X

ijkl
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cf. work by R.Gurau at CPHT - Large-N



The Sachdev-Ye model (ancestor of SYK) 
Large-N Kondo inspired early derivation of 

Conformal Invariance and Entropy

``GPS’’





The surprise: SYK is the holographic dual of 
a black hole with AdS2 geometry !

• Extensive Entropy at T=0 à Beckenstein-
Hawking Entropy ! SGPS=SBH

• Emergent conformal invariance at low 
energies

• SYK model thermalizes in shortest 
possible time

• S.Sachdev, PRX 6, 041025 (2015)
• Maldacena and Stanford, PRD 94, 106002 (2016) 

⇠ ~/kBT
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Materials ? The graphene flake proposal 
(M.Franz, PRL 2018)

Slide: courtesy M.Franz



Graphene also continues to 
surprise us… 

Twisted Bilayer Graphene:
`The new kid on the block’ 
Pablo Jarillo-Herrero’s group
@MIT - 2018



Theoretical Physics at CPHT: 
Even More Surprises !

April 4, 2012… The Levy building catches fire !
The PMC group is (temporarily) homeless…



THANK YOU CPHT !
To P.Mora, B.Pire, J-R. Chazottes

for trying to shepherd theoretical physicists 
(impossible !)

To all staff, admin and computer teams
without whom we couldn’t do any work 

To the colleagues, postdocs, students 
[and former ones] who make 

Condensed/Quantum Matter Physics at CPHT
more alive than ever

S.Backes, S.Biermann, M.Ferrero, K. Le Hur, 
L. Poyurovskii, L.Sanchez-Palencia, A.Subedi

To all CPHT colleagues


