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The phase which appears bellow 18 Kelvin in the moderate heavy fermion compound URusSiz is one of the long
lived mystery of quantum condensed matter theory. The transition to this so called "Hidden order" (HO) phase is
characterized by a large jump in the specific heat, but no microscopic physical parameter could yet be directly
associated to it from any experimental probe. It was shown only recently, from inelastic neutron scattering
experiments, that the HO phase is characterized by low energy magnetic excitations. These excitations reveal a
space commensurate modulation of the spin state of the system, despite a lack of magnetic order.

Theories have been proposed, introducing more and more sophisticated ways of ordering including quadrupolar,
octupolar or hexadecapolar.

None of them managed to provide a mechanism which could be simple and experimentally checkable. Recently, we
introduced a new and simple concept, the Modulated Spin Liquid, in order to explain the mysterious phase

transition.

Reference
C. Pépin, M.R. Norman, S. Burdin, A. Ferraz, Phys. Rev. Lett. 106, 106601 (2011)

i : Surface chemical bonding in alloy catalysis & ultrafast surface chemistry using soft X-ray free
electron laser
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In the bimetallic system, there are two fundamental effects in modification of the electronic structure of a metal
surface in a bimetallic system: strain and ligand effects. Using soft x-ray emission and x-ray absorption spectroscopy
station at SSRL BL13-2, we investigated how strain and ligand effects modifies the chemical bonding between
oxygen atom and Pt surface. Ambient pressure XPS study of fuel cell catalyst using ambient pressure photoemission
station at SSRL BL13-2 will also be shown.

New possibilities for the study of chemical reactions on surfaces using X-ray free-electron lasers (Linac Coherent
Light Source, or LCLS) will be presented. We have studied excited-state dynamics of CO on Ru(0001) using x-ray
emission spectroscopy resonantly tuned to the oxygen core level with ultrashort x-ray pulses delivered from LCLS.
We can directly study the time evolution of molecular orbital in oxygen atom specific way on a subpicosecond
timescale. With synchronized excitation by a femtosecond optical laser pulse, we induced the hot electron mediated
excitation of CO on Ru(0001). We have followed the ultrafast evolution of the bond distortions, weakening and

breaking.



B : e = - — © Electronic versus Lattice Match for Metal-Semiconductor Epitaxial Growth:
A case study for Pb films on Ge(111) and Ge(100) surfaces

HI : 20114 9 H 8 HOR) 1% 3 ke~
5 - ERAAR 6 B B4 B3I —F (A614)
%M : Prof. Shu-Jung Tang
FiEg : National Tsing Hua University, National Synchrotron Radiation Research Center, Taiwan
i

We have investigated the thickness dependence of electronic and lattice structures of Pb films deposited on
Ge(100) and Ge(100) substrate by angle-resolved photoemission spectroscopy (ARPES) and low energy electron
diffraction (LEED), respectively. We find there is a subtle relationship between lattice and electrons for the epitaxial
growth of Pb films. For Pb films on Ge(111), an accidental lattice match leads to a+v/3 x V3 configuration involving a
30° in-plane rotation at large film thicknesses, but it gives way to an incommensurate (1X1) configuration at small
film thickness. We show that a competing mechanism, electronic match, can dominate at small film thicknesses for
metal-semiconductor systems, where quantum confinement and symmetry requirements may favor a different
growth pattern from the pattern determined by the lattice match. For Pb films on Ge(100), we find that Pb films
grow in (111) direction with two hexagonal (1x1) domains rotated 90 degree with each other in spite of square lattice
of Ge(100), and correspondingly, the heavy hole(HH) band edge of Ge doesn't interact with quantum-well-state
(QWS) bands of Pb films. Therefore, lattice and electronic match compete with each other to determine the growth
configuration in the former case; whereas, lattice and electronic match both give ways consonantly in the latter case

to attain the configuration close to a free-standing film.
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iR BT > 7 4 — <)V 3 J— : Lattice frustration in 1/4-filled strongly-correlated systems
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Ml : R. Torsten Clay
J® : Mississippi State University & ISSP
e

The competition between antiferromagnetic and spin-singlet ground states within quantum spin models and the
1/2-filled band Hubbard model has received intense scrutiny. In comparison, relatively little is known about the
effect of lattice frustration in strongly correlated models away from 1/2 filling. Here we consider the effect of
frustration in the two-dimensional interacting 1/4-filled band, and show that a frustration-induced transition from
Neel antiferromagnetism to a spin-singlet state occurs. While the antiferromagnetic state has equal charge densities
0.5 on all sites, the spin-singlet state is a paired-electron crystal (PEC), with pairs of charge-rich sites separated by
pairs of charge-poor sites. The PEC provides a natural description of the spin-gapped state proximate to

superconductivity (SC) in many organic charge-transfer solids.

References:
H. Li, R. T. Clay and S. Mazumdar, J. Phys. Condens. Matter. 22, 272201 (2010).
S. Dayal, R. T. Clay, H. Li, and S. Mazumdar, Phys. Rev. B 83, 245106 (2011)
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FiE - RECREMPEEFE

=25 :

Quantum fluctuations can be enhanced by subjecting a system to geometric confinement. In my thesis I studied
two exemplary cases of geometrically confined bosons. First, I investigated the quantum critical phenomena of
bosons confined to disordered 3D substrates. Second, due to the lack of transverse degrees of freedom, the nature of
superfluidity in 1D is markedly different to higher dimensional cases and a coherent theory has been lacking so far,
a situation which I have tried to remedy in my thesis work. In this talk, I will present the two resulting theories and

their comparison to recent experimental results.

WRE B > 7 4+ — <)k 3 F— @ Spectroscopy for cold atoms by periodic modulation of optical lattices
HIEF : 20114 9 H 28 HOK) 1% 4 Bi~7F# 5 I
5 - YERAIAR 6 B S5 I —%F (A615)
Al fRRE Rt
F® : University of Geneva
e

Cold atoms in optical lattices are vigorously studied experimentally and theoretically as one of the candidates for a
quantum simulator and as new quantum states. However, at the same time, further development of probes to
microscopic structure of systems is needed. We propose a novel spectroscopy in cold atom experiments by use of

periodic phase-modulation of optical lattice potentials. Corresponding to the statistics of atoms, we formulate the



different observables: The energy absorption rate for bosonic atom gases, and the doublon production rate for
fermionic atom gases. These observables are formulated within the linear response theory. Interestingly they are
given by the imaginary part of the retarded current-current correlation function which is familiar as a quantity
corresponding to an optical conductivity in electron systems. As an example, we discuss Mott insulating state for
bosons in one-, two- and three-dimension, and also compare our spectroscopy with another known spectroscopy by

amplitude-modulation of an optical lattice.

Reference

Akiyuki Tokuno and Thierry Giamarchi, Phys. Rev. Lett. 106, 205301 (2011).
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