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Laboratoire de Physique Theorique

U 13 CNRS researchers (+4 since 2009)

U 9 UPS professors

U 1 CNRS administrator

U 16 PhD students and 8 postdocs (September 2014)

A Ayoungo | aboratory (created in
domains in physics and related sciences (astrophysics, chemistry,

bi ol ogy, mathematics, computer s
using a large variety of analytical and numerical methods

Visible impact of NEXT for the LPT

U Support to scientific collaborations with LCAR, LCPQ, and LNCMI-T (2 postdocs,
1 PhD thesisé)

U Direct impact on the granting of ANR LASCAR (LCAR/CEMES/LPT; 650ku; 2013)
and BOLODISS (LNCMI-G/LPT; 300ku; 2014)

USupport for 2 fAibigo and sever al Asmal |l 0 co

2
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Four (loose) research groups
Strongly Correlated Fermions (FFC)

Quantum magnetism, frustrated magnetism, high-T, and unconventional
superconductivity, low dimensionality materials, quantum phase transitions, cold
atoms, quantum information, numeri cal simulations and m

Quantum Information and Chaos (Quantware)

Quantum computer, qguantum algorithms, quantum coherence, role of disorder and
impurities, cold atoms, mesoscopic physics and transport in nanostructures,
classical and quantum chaos, astrophysics, physics of social networksé

Statistical Physics of Complex Systems (PhyStat)

Soft condensed matter, biophysics ( c e | | me mbr anes, ,putoff ei ns,
equilibrium physics, turbulence, disordered systems, long-range interacting

systems, stochastic processes and their applications, astrophysics, physics of
societyé

Finite Fermionic Systems (Clusters)

Laser-matter interaction, clusters in external fields, physics of embedded and

deposited clusters, s y st ems of Dbi ol ogi cal ,numerieat est (I 1
simulations and methodologyé
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A few illustrating facts

U 420 peer-reviewed articles (40% in APS journals;
35 Physical Review Letters; 17 highlights in APS journals only)
and 350 conference presentations (June 2009-June 2014)

U3 EU+14 ANR contracts active since 2011
(+2 to be signed in 2014): 0.8+1.7=2.5Mu for the LPT

U ~300 collaborators in ~200 institutions since 2009
U~350 Amissionso per year (50
U Launch of the School for Advances Sciences of Luchon

U Recent honors:

A Eric Suraud elected at the Academia Europaea (2014), and adjunct professor at the
State University of New York (SUNY), since 2013

A Sylvain Capponi (2009), Eric Suraud (2010), Mai Dinh (2012) laureates of the IUF

A Thomas Portet (PhD) laureate of the Bettencourt-Schueller Foundation (2011)

A 2 Outstanding referees of the American Physical Society (2009 & 2012)



http://www.quantware.ups-tlse.fr/ecoledeluchon/
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A few recent scientific highlights (not funded by NEXT)

Exotic magnetic phase transitions in frustrated systems:
Proof of the existence of a (hon magnetic) resonating-
valence-bond phase on the frustrated honeycomb lattice

(predicted by P. W. Anderson) [ v e co s
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Phase diagram of a frustrated quantum antiferromagnet on the honeycomb lattice: Magnetic order versus valence-bond

crystal formation, A. F. Albuguerque, D. Schwandt, B. Hetényi, S. Capponi, M. Mambrini, A. M. Lauchli, Physical Review B
84, 024406 (2011)
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A few recent scientific highlights (not funded by NEXT)

Using the tools of quantum information to
Investigate condensed matter systems:

U Quantum entanglement to obtain a duality between
boundary and bulk properties of a system, in order to
characterize its gapped/critical nature

Entanglement spectra of quantum Heisenberg ladders, D. Poilblanc, Physical Review Letters 105, 077202 (2010) ;
Entanglement spectrum and boundary theories with projected entangled-pair states, J. I. Cirac, D. Poilblanc, N. Schuch,
and F. Verstraete, Physical Review B 83, 245134 (2011)

U Quantum fidelity in order to identify and characterize
phase transitions in condensed matter systems, even when
the order parameter is not known A

0
(a)

Quantum Monte Carlo simulations of fidelity at magnetic quantum phase transitions, D, Schwandt F. Alet, and
S. Capponi, Physical Review Letters 103, 170501 (2009) ; Quantum critical scaling of fidelity susceptibility,
A. F. Albuguerque, E Alet, C. Sire, and S. Capponi, Physical Review B 81, 064418 (2010)
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A few recent scientific highlights (not funded by NEXT)

Investigating cluster and molecular physics and
developing adapted numerical tools:

U Probing the electronic properties of the N, molecule
subjected to atto second laser pulses (experiment/theory)

Probing time-dependent molecular dipoles on the attosecond time scale, C. Neidel, J. Klei, C.-H. Yang, A. Rouzée, M. J. J.
Vrakking, K. Klinder, M. Miranda, C.L.Ar no |l d, T. Fordell , A. L 6 Hu iP.IM. Dirdn,rE, Sudlud, Gii
P.-G. Reinhard, V. Despré, M. A. L. Marques, and F. Lépine, Physical Review Letters 111, 033001 (2013).

U The PW-TELEMAN library (Toulouse-Erlangen-Le Mans-
Beijing) will be open to the scientific community on the 22"
September 2014, on the occasion of the conference
Progress in Numerical Implementations of TDDFT

Dynamics of clusters and molecules in contact with an environment, P. M. Dinh, P.-G. Reinhard, and E. Suraud, Physics
Reports 485, 43-107 (2010) (visitthe PW-TEL EMAN proj ect 6s website



https://sites.google.com/site/implementationsoftddft/
http://www.pw-teleman.org/
http://www.pw-teleman.org/
http://www.pw-teleman.org/
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A few recent scientific highlights (not funded by NEXT)
Using the tools of quantum/classical chaos to investigate

U Acoustic modes in rotating stars (with IRAP) or the distribution
of dark matter in the solar system and in binary systems

J. Lages, and D.L. Shepelyansky, Dark matter chaos in the Solar System, Monthly Notices of the Royal Astronomical Society
Letters 430, L25 (2013).

U The physics of networks (search algorithms, Wikipedia,
|l nternet, economic exchanges,

K.M. Frahm, B. Georgeot, and D.L. Shepelyansky, Universal emergence of PageRank, Journal of Physics A 44, 465101 (2011)

multilingual Wikipedia articles, PLoS ONE 8(10), e74554 (2013).



