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Free Column: A major event for the photoemission on correlated systems
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Free Column

2010 IUPAP Young Scientist Prize in Computational Physics

By Prof. Philipp Werner, ETHZ These ideas led to the development of efficient quantum Monte Car
techniques for models involving bosons on a lattice [5]. However, a
formulated these techniques could not be applied to study electron:
which are fermions with different quantum mechanical behavior the

bosons.

We have developed a new class of algorithms,
'Continuous time Quantum Monte Carlo
methods for fermions', which have opened
new directions in the theoretical study of
materials with strong electron correlations.
Strongly correlated materials such as
transition metal and actinide compounds,
exhibit remarkable physical properties
including superconductivity at
unprecedentedly high temperatures (cuprates
and pnictides), colossal magentoresistance (manganites), high
temperature ferromagnetism (double perovskites), metal-insulator
transitions (vanadates), and volume collapse transitions (Cerium and
Plutonium).

The striking properties of these materials arise from the combination
of quantum mechanics and lattice structure, making the theoretical
description and numerical simulation of these materials very
challenging.

We have shown how to adapt the Monte Carlo techniques to solve
fermion quantum impurity models arising in dynamical mean field
theory (Fig 1). The continuous-time Monte Carlo techniques are nc
only efficient [6], which means that they enable investigations of th
low- temperature physics, they are also very flexible and free of
systematic errors, such as truncation or time discretization errors.
Calculations which required access to supercomputer facilities a fe
years ago can now be run on desktop machines. The new method:
enable the study of multi-orbital models with general interactions [7
as required in LDA+DMFT calculations, or large impurity clusters i
the single-band case [8]. Extensions to models with phonon couplir
[9] or dynamically screened interactions [10] are possible and
computationally cheap. The generalization to nonequilibrium syster
[11] enables the study of transport through nano-structures [12] or
simulations of the relaxation dynamics of bulk systems [13].
Diagrammatic impurity solvers are meanwhile used by most DMFT
groups worldwide and will play an important role in the further
development and improvement of the DMFT formalism.

In fact, even the simplest models for correlated fermions cannot be
solved numerically on a large lattice. In order to make progress,
simplifications are needed, and one such simplified description of
correlated lattice models is dynamical mean field theory (DMFT) [1].

This theoretical framework, which has been developed in the 1990s,
replaces the unsolvable lattice model by a computationally more
tractable quantum impurity model and a self-consistency condition.
One can think of the impurity as representing a single site of the

lattice, while the self-consistency condition fixes the hoppings between

the impurity and the uncorrelated bath in such a way that the local

The considerable impact of these methodological innovations was
recognized by the Commission C20 of the International Union of P
and Applied Physics, which awarded the 2010 Young Scientist Pri.
in Computational Physics to Philipp Werner, SNF Professor at the
Institute for Theoretical Physics, ETH Zurich, "For the developmer
and implementation of quantum Monte Carlo methods which have

dynamics of the lattice problem is reproduced. More recently, DMFT
has been combined with input from band structure calculations to
enable "ab-initio" simulations of strongly correlated materials (LDA

transformed the study of interacting electrons in solids".
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A DMFT calculation requires the repeated numerical solution of a
quantum impurity model. This step is the bottleneck in the iterative
calculation and the efficiency and flexibility of the so-called impurity
solver therefore determines what kind of problems can be addressed.
Over the past few years, our work [3] and that of others [4] has led to
significant advances, opening new avenues for progress in the study
of correlated electron systems.Our work is based on an insight, also
dating back to the early 1990s, that the diagrammatic expansions of a
partition function can be sampled to all relevant orders by Monte Carlo
techniques.




Publications

Acta Materialia

Crystal structure, morphology
and physical properties of
LaCo14TixO3 perovskites
prepared by a citric acid
assisted soft chemistry
synthesis

By R. Robert, D.
Logvinovich, M. H.
Aguirre, S. G.
Ebbinghaus,
L.Bocher, P.
Tomes, A.
Weidenkaff

7| (picture/EMPA)

A Acta Mat. 58

(2010) 680-691
[ link to publication ]

Applied Physics Letters

Pre-edges in oxygen (1s) x-ray
absorption spectra: A spectral
indicator for electron hole
depletion and transport
blocking in iron perovskites

By A. Braun
(picture/EMPA),
D. Bayraktar,
A.S. Harvey, D.
¥ | Beckel, J.A.

‘= Purton, P.
Holtappels, L.J.
Gauckler, T.

Graule
Appl. Phys. Lett. 94 (20), 202102, 2009
[ link to publication ]
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Correlation of high
temperature X-ray
photoemission valence band
spectra and conductivity in
strained LaSrFeNi-oxide on
SrTiO3(110)

By A. Braun, X. Zhang, Y. Sun, U.
Muller, Z. Liu, S. Erat, M. Ari, H.
Grimmer, S.S. Mao, T. Graule
Appl. Phys. Lett., 95, 022107, 2009
[ link to publication ]

Yttrium and hydrogen
superstructure and correlation
of lattice expansion and
proton conductivity in the
BaZr 9Y0.102.95 proton
conductor

By A Braun, A. Ovalle, S. Erat, V.
Pomjakushin, A. Cervellino, W. Stolte,
and T. Graule

Appl. Phys. Lett., 95, 224103, 2009

[ link to publication ]

Correlation of O(1s) and
Fe(2p) NEXAFS spectra and
electrical conductivity of
La1.xSrxFeq.75Nio.2503-5

By S. Erat
(picture/EPMA),
A. Braun, A.
Ovalle, C.
Piamonteze, Z.
Liu, T. Graule,
L.J. Gauckler
Appl. Phys. Lett,,
95 (17), 174108,
2009

[ link to publication ]
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Journal of Physical
Chemistry

Nitrogen doping of TiO2
photocatalyst forms a second
eg state in the Oxygen (1s)
NEXAFS pre-edge

By A. Braun, K.K. Akurati, G.
Fortunato, F.A. Reifler, A. Ritter, A.S.
Harvey, A. Vital, T. Graule

J. Phys. Chem. C, 2010, 114 (1)

[ link to publication ]

Materials

Heat Transfer and Geometrical
Analysis of Thermoelectric
Converters Driven by
Concentrated Solar Radiation

By C. Suter, P. Tomes, A.
Weidenkaff, A. Steinfeld
Materials, 3 (2010) 2735-2752
[ link to publication ]

Thermoelectric oxide modules
(TOMs) for the direct

conversion of simulated solar
radiation into electrical energy

By P. Tomes, M. Trottmann, C. Suter,
M. H. Aguirre, A. Steinfeld, P. Haueter,
A. Weidenkaff

Materials, 3 (2010) 2801-2814

[ link to publication ]
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Materials Science and
Engineering

The effects of switching time
and SrTiO3-xNy
nanostructures on the
operation of Al/SrTiO3.xNy/Al
memristors

By A. Shkabko
(picture/EMPA),
M.H. Aguirre, P.
Hug, A. Weidenkaff,
|. Marozau, T.
Lippert,

Materials Science
and Engineering 8
(2010) 012035

[ link to publication ]

Nature materials

Spatially homogeneous
ferromagnetism of (Ga, Mn)As

By S. R. Dunsiger, J.
P. Carlo, T. Goko, G.
Nieuwenhuys, T.
Prokscha, A. Suter,

Morenzoni(picture/PSI), D. Chiba, Y.

Nishitani, T. Tanikawa, F. Matsukura, H.

Ohno, J. Ohe, S. Maekawa, Y. J.
Uemura

Nature Materials 9, 299 (2010)

[ link to publication ]
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Physical Review B

Temperature-dependent
photoemission in 1T-TiSe3:
Interpretation within the
exciton condensate phase
model

By C. Monney
(picture/PSlI), E.F.
Schwier, M.G.
Garnier, N.

| Mariotti, C. Didiot,

-~ H. Beck, P. Aebi,

H. Cercellier, J.
Marcus, C.
Battaglia, H.

Berger, A.N. Titov

Phys. Rev. B 81, 155104 (2010)

[ link to publication ]

Influence of Mg deficiency on
crystal structure and
superconducting properties
in MgB2 single crystals

By N. D. Zhigadlo
(picture/ETHZ), S.
Katrych, J.
Karpinski, and B.
Batlogg

Phys. Rev. B 81,
054520 (2010)
[link to publication]
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Itinerant half metallic
ferromagnets Co,TiZ (Z = Si,
Ge, Sn): Ab initio calculations
and measurement of the
electronic structure and
transport properties

By J. Barth, G. H Fecher, B. Balke, S.
Quardi, T. Graf, A. Shkabko, A.
Weidenkaff, C. Felser, C., et al.

Phys. Rev. B, 81, (2010) 064404
[ link to publication ]

Physical Review Letters

Tunable Rashba Interaction at
Oxide Interfaces

By A. D. Caviglia
(picture/UNIGE),
M. Gabay, S.
Gariglio, N.
Reyren, C.
Cancellieri, and
J.-M. Triscone
Phys. Rev. Lett. 104, 126803 (2010)

[ link to publication ]

Evidence for magnetically
driven superconducting Q
phase of CeColns

By M.
Kenzelmann
(picture/PSlI), S.
Gerber, N.

| Egetenmeyer, J.
| Gavilano, Th.
Strassle, A.D.
Bianchi, E.
Ressouche, R.
Movshovich, E.D.
Bauer, J.L. Sarrao, J.D. Thompson
Phys. Rev. Lett. 104, 127001 (2010)
[ link to publication ]
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Mesoscopic Coulomb Drag,
Broken Detailed Balance, and
Fluctuation Relations

By Rafael Sanchez,
Rosa Lépez, David
Sanchez, and
Markus Biittiker
(picture/UNIGE)
Phys. Rev. Lett. 104,
076801 (2010)

[ link to publication ]

Supersolid Phase with Cold
Polar Molecules on a
Triangular Lattice

2

By L. Pollet
(picture/ETHZ), J.
D. Picon, H. P.
Buchler, and M.
Troyer

Phys. Rev. Lett.
104, 125302
(2010)

[ link to publication

]
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Evolution of Two-Gap
Behavior of the
Superconductor FeSeq.x

By R. Khasanov
&% (picture/PSl) et

Physical Review
Letters 104,

% 087004 (2010)
2 [link to

publication ]

Pressure Induced Static
Magnetic Order in
Superconducting FeSe1-x

| By M. Bendele
(picture/PSI) et al.
Phys. Rev. Lett.
104, 087003
(2010)

[ link to publication
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Solid State
Communications

Seebeck coefficients of
half-metallic ferromagnets,

By B. Bakke, S. Quardi, T. Graf, J.
Barth, J., C. Blum, G. Fecher, A.
Shkabko, A. Weidenkaff, C. Felser

Solid State Communications 150 (2010)

529-532
[ link to publication ]

Zeitschrift fur
Anorganische und
Allgemeine Chemie

Investigation of the
thermoelectric properties of
the solid solution TiCo.
xNixSnySb1.x

By J. Barth, L. M. Schoop, A.

Gloskovskii, C. Felser, A. Shkabko, P.

Klar, A. Weidenkaff

Z. Anorg. Allg.Chem., 635 (2010)
132-136

[ link to publication ]
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SWITZERLAND

http://www.manep.ch

24, Quai Ernest-Ansermet
CH -1211 Geneva 4
Switzerland

Phone : +41 22 379 62 18
Fax : +41 22 379 35 89
Mail : communication@manep.ch

e-Newsletter editor :
Adriana Bonito Aleman
+41 22 379 64 99

MaNEP is a long term research
programme which gathers 250
scientists from Swiss universities and
industry to study new electronic
materials which are at the forefront of
future technologies.

MaNEP is hosted by the

UNIVERSITE
' DE GENEVE

R-
I
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MaNEP is a research instrument of the
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Swiss NATIONAL SCIENCE FOUNDATION
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Swiss Physical Society Meeting

June 21-22, 2010
Basel
[Learn more: http://dpmc.unige.ch/manep/sps10]

LEES 2010

July 5-10, 2010
Les Diablerets
[Learn more: http://www.lees2010.ch/LEES2010_welcome.htm]

Nuit de la science

July 10-11, 2010

Around the Museum of the History of Sciences
in the Parc de la Perle du Lac, Geneva

[More information will be soon

available on http://www.ville-ge.ch/culture/nuit/]

Summer school on computational methods

September 13-17, 2010
CECAM-ETHZ, Ziirich
[Learn more: http://www.cecam.org/workshop-473.html]

14th Colloque Wright - "Quantum Revolution"

November 15-19, 2010
University of Geneva, salle Piaget, Uni Dufour
More information will follow

Thermoelectrics goes Automotive

December 9-10, 2010

Berlin

Organized by the International Thermoelectric Society

[Learn more: http://www.its.org/content/thermoelectrics-goes-automotive]

MaNEP Winter School

January 10-16, 2011
Saas Fee
More information will follow
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