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Préhistoire et genèse de MPQ

• Automne 2000: Genèse du pôle MPQ
• Février 2001: Expertise et feu vert du Ministère
• Mai 2001: Premiers recrutements MPQ à Paris (2001-2004: 13 postes)
• Eté 2001: Attribution d’un Plan Pluri Formation MPQ
• 1er Janvier 2002: Fédération de Recherche CNRS MPQ (FR2437)
• 2002-2003: Démarrage de la filière MPQ du DEA CPM

• 1er Janvier 2005: Naissance de l’UMR MPQ (UMR 7162)
• Octobre 2006 : Déménagement dans le bâtiment Condorcet 
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Le chantier Condorcet en mars 2005

Maximilien Cazayous
Pilier de MPQ et futur Doyen

Alain Sacuto
Pilier de MPQ 

et futur directeur de l’UFR de physique  



Le chantier Condorcet en nocturne 
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Installation des laboratoires ...
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La terrasse du 7ème étage
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Promenade à coté du Bâtiment Condorcet
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Organigramme en 2006....
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Recrutements et mobilité académique 
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Organigramme d’aujourd’hui



Dynamique temporelle des affiliations 
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Le paysage académique d’aujourd’hui

Deux nouveaux projet Labex Technologies Quantiques
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Cristiano CiutiSylvie Rousset

2012-2018
Carlo Sirtori

Directeur
UFR de Physique
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Mon parcours et la flèche inexorable du temps......
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Journées MPQ 2009 (Le Crosic, Bretagne)



Journée MPQ 2011 (Firenze, Italie)



Journée MPQ 2013 (Ile d'Oléron)



Journées MPQ 2015 (Bellême)



Journées MPQ 2017 (Amboise)



Journées MPQ 2019 (Sainte-Montaine en Sologne)



Covid ....



Journées MPQ 2022: Merville Franceville



Journées MPQ 2024 (Hauts de Bruyeres)  



Le context: émergence de nouveaux matériaux quantiques

2D materials Topological materials

Metamaterials



Le contexte: la 2ème révolution quantique

New rules that govern reality

Precise control and manipulation of
quantum properties of light and matter.
Quantum 2.0 is defined as a class of
devices that actively create, manipulate
and read out quantum states of matter,
often using superposition and
entanglement

Quantum information, simulation, sensing



Scientific vision 

Explorer les nouveaux
matériaux quantiques

Métamatériaux
et dispositifs quantiques

Nouveaux dispositifs
pour sonder
la matière

Nouvelles fonctionnalités 

- Détecteurs quantiques
- Calcul et simulation quantiques 
- Intélligence artificielle
......

- Matériaux pour l’énergie
- Matériaux durables
- Electronique
- Spintronique
- Optoélectronique 
.......



Spécificités de MPQ: sondes ultimes de la matière

SUPERTEM 2 STM
AFM ultra-rapide
(en construction)Raman-AFM platform

EXPLORATION DE NOUVEAUX MATERIAUX



Salle Blanche Condorcet (RENATECH+ & Consortium Paris Centre)

A. Degiron
(resp. scientifique)

P. Filloux
(resp. technique)

Amel Saidoun
Ingénieur d’Etudes

Roméo Bonnet
Ingénieur d’Etudes



Théorie des matériaux, systèmes et dispositifs quantiques



8 équipes de recherche

Scanning Tunneling
Microscopy (STM)

QUAsi-Particules
Spectroscopy

(SQUAP)

Advanced Electronic 
Microscopy and Nano-

Structures 
(MEANS)

Electronic transport 
and molecular 

electronics
(TELEM)

Quantum information 
technologies

(QITE)

Nonlinear optical 
integrated devices

(DON)

THEORIE

Materials Meta-materials
and quantum devices

LIght and MEchanics 
(LIME)



Equipe Administrative

N. Merlet       J. Moreau       S. Di Concetto

Resp.
Admin.

Gestion Gestion

- Administration financière
- Ressources humaines de proximité
- Gestion des dépenses et des missions
- Organisation des évènements 



Pôle Technique

B. Janvier,  M. Nicolas, J. Compain, O. Spiga,           L. Noël

- Electronique
- Instrumentation
- Mécanique
- Cryogénie et vide
- Informatique



Visitez notre site web !

https://mpq.u-paris.fr

https://mpq.u-paris.fr/


Equipe SQUAP: Spectroscopie des QUasi-Particules

- Multiferroic materials
- Strongly correlated materials
- Hight-temperature superconductors
- 2D materials (graphene, …..)



Team STM: Scanning Tunneling Microscopy

- Physics of self-organized materials
- Nanomagnetism
- Electronic properties

(graphene, 2D materials, metals, 
organic molecules ….à)

- Nanotransport
with and without illumination



Team MEANS: Advanced Electron microscopy

- Nano-alloys
- Nucleation and growth of nanomaterials
- Nanomaterials in biological media



Team TELEM: Molecular scale electronic transport 

Charge and spin 
transport in 2D 

materials
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Team QITE: Quantum Technologies

- Quantum photonics
- Trapped ions
- Quantum information theory



Team DON: Nonlinear optics and optomechanics

- Nonlinear optical metasurfaces
- Optoelectronic metamaterials

Figure 1. SPDC from an AlGaAs-on-
glass metasurface.

AlGaAs



TEAM LIME: Light and Mechanics

- Quantum opto-mechanics

- Ultrasensitive detectors

- Quantum 



THEORIE

E. Boulat E. Bringuier C. Ciuti A. Le Boité     J.C. Levy       C. Mora        G. Orso I. Paul  

D. Boriçi F. Borletto M. Burkhard A. Datta L. Giacomelli D.-P. Nguyen     M.G. Simonetti

L. Taizart J. Tosca

Current PhD students and postdocs

Former PhD students: Y. Mao (2020-2023), Z. Denis (2018-2021), K. Donatella (2019-
2022), D. Labat (2015-2018), M. Lakehal (2016-2019), Z. Li (2019-2022), J. Lolli (2014-
2017), C. Malciu (2019-2020), F. Minganti (2015-2018), T. Morel (2019-2022), C. Naudet-
Baulieu (2017-2020), F. Stellin (2016-2020), F. Vicentini (2016-2019)
Former Post-docs: G. Arwas (2021-2023), N. Bartolo (2015-2019), A. Biella (2016-2020), Z. 
Denis (2021-2022), D. Guerci (2020-2021), R. Rota (2015-2017), M. Singh (2018-2021), A. 
Soret (2019-2020), F. Storme (2017-2018), H. Tschihart (2020-2021), 



THEORIE

- Quantum optics& information 
- Correlated materials
- Machine learning
- Quantum fluids
- Quantum transport

Methods: original analytical &
numerical theoretical approaches

However, despite the suggestive fractional entropies in
certain Kondo-type models [29–31,58–61], the explicit
construction of parafermion operators in these systems
has not previously been possible. This is because—unlike
for the simpler case of Majoranas—parafermions cannot
arise in an effective free fermion system. Applying the EK
method yields an irreducibly strongly interacting model,
which has hitherto hindered finding exact solutions in
which free local parafermions could be identified.
In this Letter, we study the double charge-Kondo (DCK)

model describing a very recent experiment [60] involving
two hybrid metal-semiconductor islands coupled together
in series, and each coupled to its own lead, at quantum point
contacts (QPCs)—see Fig. 1. The DCK model is a variant
of the celebrated 2IK model, but with an interisland Kondo
interaction rather than an RKKYexchange interaction [21].
At the triple point in the charge stability diagram of the
device, a QCP was found to arise due to the competition
between island-lead Kondo and interisland Kondo [60].
Numerical renormalization group [33,34,72,73] (NRG)
calculations for the DCK model showed a fractional
residual entropy of 1

2 lnð3Þ at the QCP—suggesting an
unusual anyonic state (and not simply a Majorana). The
same critical point and fractional entropy were identified
analytically near perfect QPC transmission [74], although
no Kondo effects occur in this limit.
Here, we examine the “Kondo” case of weak-to-

intermediate transmission, and apply the EK mapping
[32] in the Toulouse limit. Even though the EK method
yields a highly nontrivial interacting model, we show that it
can nevertheless be solved using Bethe ansatz. Instead of
the free Majorana found by EK for the 2CK model, we
explicitly establish the existence of a Z3 parafermion in the
DCK model, and identify it as the source of the 1

2 lnð3Þ
residual entropy. Analytic expressions for conductance near
the QCP are also extracted, and we show that experimental
transport data are consistent with these predictions. To
complete the theoretical description, we obtain the full
temperature dependence of entropy and conductance via
NRG, which does not rely on the Toulouse approximation.

System and model.—The two-island circuit illustrated in
Fig. 1 is described by the DCK model at low temperatures
T ≪ EC (with EC the island charging energies) for weak-
to-intermediate QPC transmissions, see Ref. [60]:

HDCK ¼ ðJLSþL s−L þ JRS
þ
Rs

−
R þ JCS

þ
RS

−
Ls

−
C þ H:c:Þ

− hLS
z
L − hRS

z
R þ ISzLS

z
R þHelec; ð1Þ

where Helec ¼
P

α;σ;k ϵkψ
†
ασkψασk describes the electronic

reservoirs either side of QPC α ¼ L, C, R. Although the
physical electrons are spin polarized [60], we label
electrons on the lead or island either side of QPC L, R
as σ ¼ ↑ or ↓, and island electrons to the left or right of the
central QPC C as σ ¼ ↑ or ↓—see Fig. 1. We assume linear
dispersion ϵk ¼ vFk, with momentum k. We then define
pseudospin operators s−α ¼ ψ†

α↓ð0Þψα↑ð0Þ and sþα ¼ ðs−α Þ†,
where ψασð0Þ is defined at the QPC position. Confining our
attention to the lowest two macroscopic charge states of
each island jn;mi≡ jniL ⊗ jmiR, with n ¼ N, N þ 1 the
number of electrons on the left island and m ¼ M, M þ 1
electrons on the right island, we introduce “impurity”
charge pseudospin operators SþL ¼

P
m jN þ 1; mihN;mj,

SzL ¼
P

m
1
2 ½jN þ 1; mihN þ 1; mj − jN;mihN;mj&, SþR ¼P

n jn;M þ 1ihn;Mj, SzR ¼
P

n
1
2 ½jn;M þ 1ihn;M þ 1j−

jn;Mihn;Mj&, and S−α ¼ ðSþα Þ†. The first line in Eq. (1)
therefore corresponds to tunneling processes at the three
QPCs (with the tunneling amplitude Jα being related to the
transmission τα of QPC α). Gate voltages on the islands
control hL;R and allow the charge stability diagram to be
navigated. I is a capacitive interaction between the two
islands. For JL;C;R ¼ I ¼ 0, the four retained charge
configurations jn;mi are degenerate when hL ¼ hR ¼ 0.
However, a finite JC and/or I partially lifts this degeneracy
to yield a pair of separated triple points (TPs) in gate
voltage space. As with the experiment [60], here we focus
on the vicinity of the TP at which the charge configurations
jN;Mi=jN þ 1;Mi=jN;M þ 1i are degenerate. We here-
after neglect the term I, since it just renormalizes the TP
splitting already induced by JC > 0 and is otherwise
irrelevant [74]. The rest of this Letter is devoted to the
nontrivial Kondo competition arising when the couplings to
the leads are switched on, JL;R > 0.
QCP.—At the TP, the three “impurity” states (the

degenerate charge configurations of the two-island struc-
ture) are interconverted by tunneling at the three QPCs:

jN;Mi↔
JL jN þ 1;Mi↔

JC jN;M þ 1i↔
JR jN;Mi:

The accompanying conduction electron pseudospin-flip
scattering at each QPC described by the operators s'L;C;R
in Eq. (1) give rise to competing Kondo effects. Since
island-lead and interisland Kondo effects cannot be

FIG. 1. Schematic of the two-site charge Kondo circuit de-
scribed by the DCK model. Two hybrid metal-semiconductor
islands are coupled to each other and to their own lead at QPCs.
Macroscopic island charge states mapped to pseudospin degrees
of freedom are flipped by tunneling at QPCs.

PHYSICAL REVIEW LETTERS 130, 146201 (2023)

146201-2



Nombre de citations PAR AN pour le laboratoire MPQ (2005–2024)

Source: Web of Science
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Clef de recherche sur Web of Science

AD=("Matériaux et Phénomènes Quantiques" OR "Laboratoire Matériaux et Phénomènes Quantiques" OR "Materials and Quantum Phenomena" OR "UMR 7162" 
OR ("Université Paris Cité" NEAR/5 "Matériaux et Phénomènes Quantiques") OR ("Université Paris Diderot" NEAR/5 "Matériaux et Phénomènes Quantiques") 
OR ("Université Paris Diderot-Paris 7" NEAR/5 "Matériaux et Phénomènes Quantiques") OR ("Université Paris Diderot-Paris 7" NEAR/5 "Laboratoire Matériaux 
et Phénomènes Quantiques") OR ("Université de Paris" NEAR/5 "Matériaux et Phénomènes Quantiques") OR ("Université Paris 7" NEAR/5 "Matériaux et 
Phénomènes Quantiques")) OR AU = "Ciuti, C" OR AU = "Sacuto, A" OR AU = "Ricolleau, C" OR AU = "Repain, V" OR AU = "Lafarge, F" OR ((AU = "Ducci, 
S") AND AD = "Quantiques") OR ((AU = "Leo, G") AND AD = "Phénomènes Quantiques") OR ((AU = " Favero, I") AND AD = "Phénomènes Quantiques") OR 
((AU = " Degiron, A") AND AD = "Phénomènes Quantiques") OR ((AU = " Guidoni, L") AND AD = "Phénomènes Quantiques") OR ((AU = " Milman, P") AND 
AD = "Phénomènes Quantiques") OR ((AU = " Mora, C") AND AD = "Phénomènes Quantiques") OR ((AU = " Paul, I") AND AD = "Phénomènes Quantiques") 
OR ((AU = " Orso, G") AND AD = "Phénomènes Quantiques") OR ((AU = " Gallais, Y") AND AD = "Phénomènes Quantiques") OR AD = ("Paris" AND 
"Phénomènes Quantiques") OR AD = ("Diderot" AND "Phénomènes Quantiques") OR ((AU = " Perola, M") AND AD = "Phénomènes Quantiques") OR ((AU = " 
Rousset, S") AND AD = "Phénomènes Quantiques") OR ((AU = "Sirtori, C") AND AD = "Phénomènes Quantiques") OR AD = "Phénomènes Quantiques" ) AND 

PY=(2005-2024)



Regardez l’historique des News sur le site web de MPQ



Regardez l’historique des News sur le site web de MPQ



Bon 20ème anniversaire aux trois laboratoires du site Condorcet


