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My stay at ISSP

I stayed at ISSP for 3 months, from June to August 2014, thanks to a visiting professor position, to work in
collaboration with Professor Kato Takeo. My collaboration with Prof. Kato started some years ago, and I had already
made a few short trips to Japan to visit his group, but this was my first « long stay » in Japan. As I could chose the
date of my stay so as to include the French summer holidays, my family (my wife and our 8 years old daughter) had

the opportunity to join me in Japan in July and August.

Let me first discuss the material conditions of the stay, which were truly excellent and hassle-free. I can say that
everything was taken care of for me ! Lodging was provided in a large and comfortable appartement, in the
Kashiwanoha international lodge. I particularly liked that fact that this large building is the residence of many
Japanese families; simply staying there was an excellent way to observe and experience true Japanese (modern) life !
The location of the lodge is also very convenient, because it is halfway between the Kashiwa campus, and the
Kashiwanoha Tsukuba express station. Both are reached in five minutes by bike, which were also provided. We were
really happy to have bikes for all the family members (even my daughter - with special thanks to Prof. Oshikawa for
providing her a bike). Living in France in a location where we are heavily dependent on our cars for every displacement,

it was extremely nice and relaxing to go everywhere either by bike or by train !

The goal of my stay was of course the scientific collaboration, and this aspect of my stay was also excellent. I enjoyed
the regular seminar of the theory group. The ISSP being a very large laboratory, with a great diversity of research, I
had the opportunity to discuss with other researchers, including experimentalists, about their work, which for a
theoretician like me is very valuable. Being at ISSP as a visitor also meant that I was free of many time-consuming
things which are common at my home laboratory, like meetings and administrative duties. I could thus concentrate
on the research projects only, which is an effective way to make progress and learn new tools or techniques. During
my stay, I learned and practiced, among other things, semi-classical techniques to compute transport properties in
superconductors. The goal being to apply these well-established techniques to new, unconventional types of

superconductors (P-wave superconductor), which are experimentally studied at the ISSP.

The environment of the Kashiwa campus as a whole was also very positive. I was particularly impressed by the
quality of the Japanese courses which were provided for the foreign students and visitors. I could attend Japanese
classes nearly every day of the week, with three different professors. In addition, thanks to the exchange program
provided by the University, we had the opportunity to meet regularly a Japanese family, which was also an excellent

way to learn « real Japanese langage », and to experience the authentic Japanese life.
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I wish to thank the people which made this stay possible and enjoyable. First Prof. Kato, which took care of the
invitation process, and with which I enjoyed work and discussions on a daily basis. Eguchi-san, from the secretary
service of the theory group, which responded kindly and very efficiently to my numerous work-related requests. And
Kameda-san and Seki-san of the International Liaison Office, which were in charge of the billions of things related to

the practical aspects of my stay, and which were able to fulfill all my requests and answer all my questions.

To conclude on a lighter tone, let me tell this short story, which shows one example (among many) of how some
things in Japan, which may look totally natural (and maybe even boring) for Japanese people, look so different and
interesting for us. Each week, I was totally surprised by the song which is played on Friday at 3pm sharp (and so were
my French colleagues who visited ISSP in July) ! It seems that suddenly, out of nowhere, this very peculiar song is
played, in sharp contrast with the overall atmosphere of the place. After asking for explanations, I understood that it
does in fact make sense, since it announces a coffee break with the famous song associated with the Nescafe brand,
song which is immediately recognized by all the Japanese people. But for us foreigner, if just feels like we are suddenly
in the middle of some fairytale !

It is the combination of these small surprising details, with the truly excellent scientific and material conditions,

with made my stay both very enjoyable and professionally successful.
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B8 : Topologically protected spin-textures in ultrathin metallic films

HEf : 2014 4E 11 H 11 HCK)  F#& 4 K~

Dan - MYERET AR 6 B KaksEs (A632)

a0l : Stefan Blugel

g : Peter Griinberg Institute and Institute for Advanced Simulation, Forschungszentrum Jilich
"®E:

In a recent work we could show the relevance of the Dzyaloshinskii-Moriya (DM) interaction in ultrathin films
deposited on metal surfaces [1]. This opened a completely new vista in the field of research on magnetism of thin films.
Appling first-principles calculations based on the density functional theory to ultrathin magnetic films, we explored
the Dzyaloshinskii-Moriya interaction caused by spin-polarized electrons in the structure inversion asymmetric
environment of 3d metal films on W substrates. We found that due to the large spin-orbit interaction of the W substrate
the Dzyaloshinskii interaction exceeds a critical strength and competes with the exchange interaction and causes the
formation of one-dimensional short-period cycloidal magnetic spirals of unique winding sense in the Mn film [1, 2].
The phenomenon is more general than expected and was also found for finite magnetic wires of Fe-double chains
grown in troughs of the reconstructed Ir(100)5x1 substrates [3]. Also the effect of the Dzyaloshinskii-Moriya
interaction on the domain-walls may be discussed [4]. Recently we could go one step further and theoretically design

a magnetic film, a monolayer of Fe on Ir(111) that exhibits a lattice of non-trivial two-dimensional magnetic structures,
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a nano-Skyrmion lattice [5]. We explore the phase diagram of the magnetic system based on parameters obtained from

first-principles and finite size effects e.g. finite Fe clusters on Ir(111).

[1] M. Bode, M. Heide, K. von Bergmann, S. Heinze, G. Bihlmayer, A. Kubetzka, O. Piet-zsch, S. Blugel, R.
Wiesendanger, Nature 447, 190 (2007).

[2] P. Ferriani, K. von Bergmann, E.Y. Vedmedenko, S. Heinze, M. Bode, M. Heide, G. Bihl-mayer, A. Kubetzka, S.
Bliigel, R. Wiesendanger, Phys. Rev. Lett. 101, 027201 (2008).

[3] M. Menzel, Y. Mokrousov, R. Wieser, J. E. Bickel, E. Vedmedenko, S. Bliigel, S. Heinze, K. von Bergmann, A.
Kubetzka, and R. Wiesendanger, Phys. Rev. Lett. 108, 197204 (2012).

[4] M. Heide, G. Bihlmayer, and S. Blugel, Phys. Rev. B 78, 140403 (R) (2008); and Physica B 404, 2678 (2009).

[5] S. Heinze, K. von Bergmann, M. Menzel, J. Brede, A. Kubetzka, R. Wiesendanger, G. Bihlmayer, and S. Blugel,

Nature Phys. 7, 713 (2011).

[REAT#AST]  Stefan Bliigel #3% 13—V v EEF= /€I T 47 - T 4 Lo ¥ —& UCEMARIGIZIT 5 5o
AR L ENOEHEET 2 & & bIT, KRN OEEICHE TEOLIAWEE 2R > T, 8 —RERFHE & AN
PR L UTHMESE T O MR, HFIEMBAREOHEEITTo T b E Lic, RiDIEA E VBRI A Y v —L%)
R ACUHA T IV ABREDAY Y =) AGHTHREBREEEHITONTVET,

B SRHIBE T RICBIDETRIT v I HRIF
HIRE : 2014 4E 12 H 11 HOR) T 4 Rp~"F# 5 I

i TERESE AR 6 B K =8(A632)

Al 2N R

FE © EECRERABRT AR R AR

HHE:

BHIOMAEMATR [RAABEE TR WETIE, xR BRTRWEMRE THENBND Z ENEFEH LN E o
TETBY, TORHE RZREO— DN EESFE S BRI > T 1 R ka2 R [Err~T 4 v 7 )
BFEELEND2HOTH D, Frrld, BENETRILEY URu2Si2[1]. B X OERBEER2,3)IBW T, 2D X 5 2%
LY A TORBENEB L TV D AMEM R | fRx e EBRABRES 2 Z LI K VIR DRAEIT-o T D, AREER T
DX DRI IA AR L, HRAEREE T RIS T 2R EOBIIC OV TiERR L7200,

[1] See, for a review, T. Shibauchi, H. Ikeda, and Y. Matsuda, Philos. Mag. DOI: 10.1080/14786435.2014.887861 (2014).
(2] fiFFnisldr & LC. ENFEM, BT, AAYEYSEE 68(9), 592-601 (2013).
[3] See, for a review, T. Shibauchi, A. Carrington, and Y. Matsuda, Annu. Rev. Condens. Matter Phys. 5, 113-135 (2014).
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i JERE R I — - Bl > 74+ —<)J)V 3 F— : Vortex loops in hexagonal rare earth manganites RMnO;
and the Kibble-Zurek mechanism

HIEF : 2014 4E 10 H 2 HOR) 1% 3 Ri~"F#% 4 I
S - YERAAR 6 B S5 5 B3I —%F (A615)
R = E T
78 : iTHES Research Group and Condensed Matter Theory Laboratory, RIKEN
e

As Onsager and Feynman envisioned, the superfluid to normal transition in Helium-4 can be understood as a
proliferation of U(1) vortex loops. We show that the proliferation of Z6 vortex loops that has been recently observed in
RMnOs (R = rare earth ions) compounds at the ferroelectric critical point is a direct manifestation of this phenomenon
in systems that have lower Z6 symmetry but the U(1) continuous symmetry emerges at the critical point. Direct
imaging of the vortex network in RMnO3 compounds offers unique experimental access to the dual description of the

ferroelectric transition, while enabling tests of the Kibble-Zurek mechanism.

58 ¢ LASOR & X F— : Non-equilibrium electronic structure of transient, laser-excited states in Bi-2212
HEF : 2014 4F 10 H 3 H(®)  Fik 4 B~

S - MTERETAEE 6 B KakFE = (A632)

%Ml : Prof. U. Bovensiepen

Jig : University Duisburg-Essen

HE:

Optical excitations in solid materials typically decay on femto- to picosecond time scales due to elementary
interactions which lead to a redistribution of the excess energy among the electronic, the lattice, and the spin
subsystem, before final dissipation. In femtosecond time-resolved experiments ultrafast dynamical changes are
analyzed in order to shed light on the nature and the dynamics of the superconducting state in high-Tc materials.
Femtosecond optical and THz spectroscopy are powerful methods here [1-3]. Recently a transient dynamic coherence
was reported far above Tc [4]. Femtosecond time and angle-resolved photoemission spectroscopy (tr-ARPES) [5] probes
the electronic structure directly in the presence of optical excitations and opens new opportunities to investigate the
influence of collective excitations on the single particle spectral function. Tr-ARPES has been employed to analyze the
response of the electronic structure to optical excitations in optimally doped Bi-2212 below Tec [6,7]. In this talk, we
discuss the transient electronic structure above Tc at 100 K. We analyze an increased electronic mass and quantify
an effective hole photo-doping [8]. We further discuss changes of the relaxation times in the vicinity of the 70 meV
kink energy above the Fermi energy originating from to coupling to a Boson mode and recent results obtained for
underdoped Bi-2212.

FEHINN—T  HEE
http://www.issp.u-tokyo.ac.jp/issp wms/DATA/OPTION/abstract20141003.doc
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B : ¥ 39— : Neutron Scattering in High Magnetic Fields: tools of today and tomorrow
HEf : 20144 10 H 6 HOY) F#& 1 K 30 o~

5 - ERAAR 6 B B4 B3I —F (A614)

ifl : Dr. Oleksandr Prokhnenko

k& : Helmholtz-Zentrum Berlin (HZB)

e

The Helmholtz-Zentrum Berlin (HZB), Germany, operates two large scale research facilities: the medium flux
research reactor BER II and the third generation synchrotron source BESSY II. Wide range of instruments and sample
environment, especially in field of sciences at extreme conditions, is available at both facilities for external and internal
researchers. Holding a world record of 17.4 T steady state field available for neutron experiments, an ambitious project
of extending this range significantly beyond 25 T is close to completion. In this talk I will make an overview of the
project and present its main components: The High Field Magnet (HFM), the most powerful DC magnet for neutron
scattering in the world, and its neutron counterpart the Extreme Environment Diffractometer (EXED).

Built in collaboration with National High Magnetic Field Laboratory in Tallahassee (USA), the HFM is a horizontal
field magnet based on Series Connected Hybrid System Technology. With help of resistive insert coils, which are
mounted in the room temperature bore of a superconducting solenoid, fields above 30 Tesla can be obtained. The
magnet operation requires complex technical infrastructure which comprises the 20 kA power supply, the water
cooling system for the resistive coil and the 4 K Helium refrigerator for cooling the superconducting coil. Because of
the infrastructure as well as the magnet dimensions, the HFM cannot be transferred among different instruments
like standard split-pair or horizontal superconducting magnets do. As a result, it will be permanently mounted on the
dedicated EXED instrument.

A special feature of the HFM is 30° conical openings at both ends of the resistive insert envisaged for neutron
scattering access. Covering sufficient @ -range in such a restricted geometry requires a special approach in the neutron
instrument design. EXED makes use of polychromatic (time-of-flight) technique enabling to compensate the limited
angular access by the extended wavelength range. Combined with 15° magnet rotation, it enables gapless coverage of
@-range from about 0.1 up to 12 A~ for diffraction experiments. Due to the variable time resolution (from a few ps to
the ms-range) and the width of wavelength band (0.6-14.5 A), the primary instrument becomes very flexible and
adjustable to a particular problem.

Based on the science case, the instrument capabilities have been further expanding to include a pin-hole TOF SANS
and a direct TOF Spectroscopy (under development). The former extends the low-@ range beyond 102 A1l The latter
will enable inelastic neutron scattering experiments over a limited @-range < 1.8 A1 with an energy resolution of a
few percent and E; < 25 meV.

By the end of this year HFM and EXED will merge together to form a dedicated high field facility for neutron

scattering which will be open for users from 2015 on.
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PR : S 2 7 4+ —<IV 2 J— : Negative Coulomb drag in coupled quantum wires
HEf : 2014 4E 10 H 9 HOR)  “Filii 11 Bf~F8& O K
5 - YERA AR 6 B S5 5 B3I —%F (A615)
Ml : Dr. Shunsuke Furuya
k& : DPMC-MaNEP, University of Geneva, Switzerland
i

When two parallel quantum wires are coupled only capacitively, an electric current in a wire can drive a current in
the other wire purely out of the Coulomb interaction between the wires. This phenomenon is known as Coulomb drag.
Recent experimental works [1,2] minutely investigated Coulomb drag and found a negative drag phenomenon in which
the drag current flows anti-parallel to the drive one. The observation of the negative drag was “unexpected” [1] because
of the absence of theory explaining the negative drag. To the best of our knowledge, existing theories predict only the
positive drag. In Ref. [1], the Wigner crystallization in the drag wire was deemed responsible for the negative drag.
However Ref. [2] later showed that the negative drag also occurs when the Wigner crystal is not formed. The origin of
the negative drag is yet to be fully understood. In this talk, we will propose a simple mechanism to allow for the
negative drag based on a theory of the Tomonaga-Luttinger liquid with the long-range Coulomb interaction. We will

discuss that the long-range nature of the Coulomb interaction plays the key role in realizing the negative drag.

[1] M. Yamamoto, et al., Science 313, 204 (2006); [LIAfmAM, EIALE 41, 679 (2006).
[2] D. Laroche, et al., Nature nanotech. 6, 793 (2011); D. Laroche et al., Science 343, 631 (2014).
[3] S. C. Furuya, H. Matsuura and M. Ogata, in preparation.

R BERT 7 4 — <)V 32 F— : Topological states out of equilibrium
HI : 20144 10 H 10 H(&) PRl 11 B~7F# 0 I

5 - YERAAR 6 B S5 B3I —%F (A615)

%Ml : Mr. Evert van Nieuwenburg

il : ETH Zurich

HE:

In this talk I will consider what happens to one of the simplest 1D symmetry protected topological phases when one
switches on a coupling to an environment. For this specific case, we find that the topological nature of this state always
gets lost after a certain period of time. I will partially discuss the numerical method we have used (a version of an
iTEBD code that can be used for simulating a Lindblad type master equation), and propose a method for a classification

scheme for topology in mixed states.
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B :2U—ZAE3IF— MBEat—L > R 26 BIH Ultrafast time-resolved magneto-optical imaging
of coherent spin-waves in a garnet film|

HEF : 2014 4F 10 H 14 H(K)  F#& 2 K~

Lin : WtERE S ACEE 6 B 5 1 23k (A636)

sl KEA {hgY

FiE : T BT RRE

"°E:

As a powerful tool for monitoring spatio-temporal resolved spin dynamics, we have developed a new ultrafast time-
resolved magneto-optical (MO) microscope with 100 femtosecond time resolution, sub-micrometer spatial resolution,
and millidegree accuracy for the light polarization angle [1]. Our system relies on the rotation analyzer method to
determine the light polarization angle, which represents the magnetization orientation through MO effects, and a low-
noise CCD camera with millions of pixels to obtain the MO images. The main difference of the new system with
conventional methods using scanning is the speed of the experiments. Our system gets one MO image in 15 seconds,
which is thousands times faster than the conventional technique. By using our new system, we here demonstrate the

propagation dynamics of the optically excited coherent spin-waves in a bismuth-doped Garnet film.

pRE © Bt 3 ) — @ Propulsion of a domain wall in an antiferromagnet by magnons
HIE : 2014 4E 10 H 17 H(&) PR 4 BE~F# 5 I
5 - TERA AR 6 B S5 B3I —%F (A615)
%Ml : Prof. Oleg Tchernyshyov
k& : Johns Hopkins University
HE:
Domain walls in magnetic nanowires can be used to store information and perform logical operations.
Whereas the mechanism of domain wall propulsion in ferromagnet (by an applied field, spin-polarized current, or a

flux of magnons) are well understood, much less is known about the antiferromagnetic domain walls.

We analyze the dynamics of a domain wall in an easy-axis antiferromagnet driven by a current of circularly polarized
magnons.

Magnons pass through a stationary domain wall without reflection and thus exert no force on it. However, they
reverse their spin upon transmission, thereby transferring two quanta of angular momentum to the domain wall and
causing it to precess. A precessing domain wall partially reflects magnons back to the source. The reflection of spin
waves creates a previously identified reactive force. We point out a second mechanism of propulsion, which we term
redshift: magnons passing through a precessing domain wall lower their frequency by twice the angular velocity of
the domain wall; the concomitant reduction of magnons' linear momentum indicates momentum transfer to the
domain wall. We solve the equations of motion for spin waves in the background of a uniformly precessing domain
wall with the aid of supersymmetric quantum mechanics and compute the net force and torque applied by magnons
to the domain wall. Redshift is the dominant mechanism of propulsion at low spin-wave intensities; reflection
dominates at higher intensities. We derive a set of coupled algebraic equations to determine the linear velocity and

angular frequency of the domain wall in a steady state.
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SrCu2(BOs)z is the archetypal quantum magnet with a gapped dimer-singlet ground state and triplon excitations.
It serves as an excellent realization of the Shastry Sutherland model, up to small anisotropies arising from
Dzyaloshinskii Moriya (DM) interactions. We demonstrate that the DM couplings in fact give rise to topological
character in the triplon band structure. The triplons form a new kind of a Dirac cone with three bands touching at a
single point, a spin-1 generalization of graphene. An applied magnetic field opens band gaps leaving us with topological
bands with Chern numbers pm 2. SrCu2(BOs)z is thus a magnetic analogue of the integer quantum Hall effect and
supports topologically protected edge modes. At a critical value of the magnetic field set by the strength of DM
interactions, the three triplon bands touch once again in a spin-1 Dirac cone, and lose their topological character. We

predict a strong thermal Hall signature in the topological regime.
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Although it is believed that two-dimensional honeycomb structures consisting of silicon atoms do not exist
experimentally due to relative instability of its hybridized sp2 orbitals, a recent experiment clearly demonstrates that
silicene, honeycomb structure of silicon atoms, can be fabricated on ZrB2 (0001) thin films [1]. Here, we report on
detailed studies for geometrical and electronic structures of silicene on ZrB2 and a related two-dimensional structure
by means of electronic structure calculations based on density functional theories (DFT), guided by a close
collaboration with experiments performed by the Yamada-Takamura group of JAIST [1-6]. Theoretical chemical shift
of Si-2p states [1] and band structure calculations [4] strongly support the formation of silicene having a planar-like
structure. The stability of the planar-like structure over the regularly buckled structure can be understood by
interaction between states of the silicene and surface states consisting of the d-orbital of the top Zr atoms [2]. We also
propose a possible mechanism for the formation of the domain structure of silicene on ZrB2 [1,5]. It is inferred that
the domain structure is induced by an instability of a phonon having a nearly zero frequency, and is formed in such a
way that the k-points having the zero frequency can be removed from the first Brillouin zone. The mechanism is
verified by performing large-scale total energy calculations. We further explore a possible structure of multi-layer
silicene, and find that the MoS2 structure consisting of silicon atoms is stabilized with atoms in the inner layer having

a sixfold coordination, which results in cigar-shaped nematic orbitals originating from the Si-sp2 orbitals [6].

[1] A. Fleurence, R. Friedlein, T. Ozaki, H. Kawai, Y. Wang, and Y. Yamada-Takamura, Phys. Rev. Lett. 108, 245501
(2012).
[2] C.-C. Lee, A. Fleurence, R. Friedlein, Y. Yamada-Takamura, and T. Ozaki, Phys. Rev. B 88, 165404 (2013).
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[3] A. Fleurence, Y. Yoshida, C.-C. Lee, T. Ozaki, Y. Yamada-Takamura, and Y. Hasegawa, Appl. Phys. Lett. 104,
021605 (2014).

[4] C.-C. Lee, A. Fleurence, Y. Yamada-Takamura, T. Ozaki, and R. Friedlein, Phys. Rev. B 90, 075422 (2014).

[6] C.-C. Lee, A. Fleurence, R. Friedlein, Y. Yamada-Takamura, and T. Ozaki, submitted to Phys. Rev. Lett.;
arXiv:1408.2588.

[6] F. Gimbert, C.-C. Lee, R. Friedlein, A. Fleurence, Y. Yamada-Takamura, and T. Ozaki, Phys. Rev. B, in press;
arXiv:1401.0142.
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Ferromagnetic (FM) and antiferromagnetic (AFM) structures can be employed to store and manipulate information
by means of topological spin textures, such as skyrmions, vortices, or domain walls. We study current and field driven
spin-texture dynamics in thin FM and AFM nanostructures. We derive effective equations of motion describing the
dynamics of a spin-texture soft modes associated with its topological defects. Because these spin textures are
topological objects, the equations are rather universal and depend only on a few parameters.

This method allows us to include in FMs such effects as Dzyaloshinskii-Moriya interaction (DMI) and breaking of
translational invariance for nonuniform nanowires. Furthermore, we argue that the combined effects of space
curvature and spin-orbit induced DMI can lead to even more exciting possibilities for domain wall propagation.

For example, we show that domain walls are more robust to perturbations in ferromagnetic nanotubes with DMI

and can be manipulated differently depending on their orientation and chirality.

B . £k I J— [Real-Time Studies of Atomic Layer Deposition and Chemical Vapour Deposition by
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Atomic layer deposition (ALD) and the closely related Chemical vapour deposition (CVD) are two of the most
important methods to achieve a controlled growth of thin films on surfaces. Relatively little is known, however, about
which molecular and surface species play a role during the growth and how chemical kinetics affect the growth process
and quality of films. One of the reasons is that few real-time studies have been performed which can identify such
species. We aim at addressing this lack and clarify the type and role of surface species during thin film growth using
ambient pressure x-ray photoelectron spectroscopy (APXPS). Recent efforts were targeted towards the ALD of TiO2
from different precursors as well as the CVD of SiOx.

Further, I will give a brief overview of the status of the new MAX IV synchrotron light source and briefly present

the APXPS beamlines SPECIES and HIPPIE.
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Tetrathiafulvalenes (TTFs) and other electro-active analogues have been extensively studied in the search for
molecular conductors and superconductors.1 These properties are ascribed to the presence of mixed valence species.
The formation of such species is not easy to control unless two electro-active units interact either through space or
through bond in a dimeric structure. Accordingly, a range of TTF dimers linked by various organic linkers have been
synthesized.2 The interplay between two redox active TTF generates a multistage redox behaviour affected by the
type of linker. Most of the interactions detected through the organic linkers are weak and in order to increase these
interactions the elaboration of transition metal complexes containing two TTF ligands has been developed.3 In this
context we recently investigated the synthesis and the influence of redox active ligands such as TTF acetylacetonate,4

TTF acetylide5 and TTF dithiolate, that will be presented during the lecture.
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The corner-sharing simplex nature of the pyrochlore lattice underlies a rich variety of correlated electron physics.
In the insulating semi-classical limit, materials such as Dy2Ti207 and Ho2Ti207 form magnetic analogues of water ice
with Pauling entropy and emergent magnetic monopoles. Quantum fluctuations may melt spin ice and in pursuit of
the putative spin liquid, experiments on materials such as Pr2Zr207 and Yb2Ti207 have encountered dynamic
magnetism and extreme sensitivity to subtle sample characteristics. Simplex physics also underlies the cooperative
paramagnetism of chromium spinels, with dynamics cluster correlations, and spin-Peierls-like magneto-structural
transitions. Adding mobile fermions in LiV204 and Pralr207 yields heavy fermion physics and anomalous transport
linked to non-collinear spin correlations. The talk provides an overview of an active field of research with ample

opportunities for discoveries of fundamental and technological significance.
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[1] M. Uehara et al., J. Phys. Soc. Jpn. 65, 2764 (1996).

[2] Y. Nambu et al., Phys. Rev. B 85, 064413 (2012).

[3] F. Du et al., Phys. Rev. B 85, 214436 (2012).

[4] F. Du, Y. Hirata et al., Phys. Rev. B 90, 085143 (2014).
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Symmetry protected topological (SPT) states are a new kind of gapped states that do not break any symmetry and
have no topological order. Despite having no symmetry breaking order and having no fractionalized topological

excitations, SPT states can still be non-trivial. I will present,

(1) a systematic theory of SPT order based on non-linear sigma model and its topological terms,
(2) ways to probe/measure SPT orders, and the connection to anomalies,

(3) mechanism to generate SPT orders.
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Active or living systems, defined by their ability to continuously extract local energy from the medium and convert
it into mechanical work (constituting a non-equilibrium system), have attracted immense attention in recent years.
The reason is simple, these systems are found everywhere in nature and are fundamental to all biological processes.
Examples include bacteria and spermatozoa, as well as newly created nano-motors. Active matter systems have been
shown to exhibit physical properties that are completely different from their (equilibrium) non-active counterparts.
These phenomena include anomalous diffusion and viscosity, collective motion, giant number fluctuations, and self-
sustained turbulence, among many others. While we have a basic understanding of the specific propulsion mechanism
(i.e., how they swim), our knowledge of their collective behavior is still very poor. One of the main problems, is the

difficulty of properly treating the hydrodynamic interactions among the particles.

The goal of our work is to understand the influence of the swimming motion on the collective properties of swimming
suspensions. For this, it is necessary to use a detailed model that includes the many body hydrodynamic interactions
among the particles. We have implemented a simple (spherical) swimmer model using the Smooth Profile Method
(SPM), which accurately resolves both the fluid and particle motion, and which is capable of treating both pushers
and pullers (swimmers with the propulsion mechanism at the back and front, respectively). Using this direct
numerical simulation method, we have studied the interplay between hydrodynamic and particle interactions, which
gives rise to two very different time and length scales. We consider how these two regimes affect the collective motion

of suspensions in bulk 3D solutions, as well as in the confined 2D geometries common in experimental setups.
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Quantum critical phenomena fascinate solid-state physicists for quite some time now, as emerging phases of matter
can be observed in the vicinity of quantum critical points (QCPs).

Pressure, magnetic field, or chemical substitution are the common parameters to drive a material from one ground
state to another and to explore the phase diagram. How a ferromagnetic (FM) state disappears has long been the
subject of intense research. There is presently strong evidence that in most materials a quantum phase transition is
prevented by the coupling of the FM order parameter to particle hole soft modes, which induces a first order transition
or other types of magnetic order before the Curie temperature, TC, reaches T=0. Therefore, the recent observation of

FM quantum criticality in the new heavy-fermion material YbNisP2 substituted with As was remarkable [1].
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In this presentation, I review the crystal growth and the thermodynamic characterization of YbNisP2 which is a
stoichiopmetric FM-Kondo lattice with a severely reduced Curie temperature (TC=0.17 K) due to strong Kondo
screening (TK~8 K) already very close to the FM QCP [2]. The crystal structure of YbNisP2 is novel among heavy-
fermion systems with quasi-one-dimensional Yb-chains along the c-axis of the tetragonal unit cell. Substituting larger
As for P tunes the system towards the FM quantum critical point. The FM transition stays second order and
ferromagnetic down to TC=30 mK, which is the lowest ferromagnetic transition temperature ever observed. The
unexpected power-law exponents in all thermodynamic quantities indicate the presence of strong FM quantum critical
fluctuations and require new theoretical concepts to describe this FM QCP.

Work in collaboration with M. Brando, C. Geibel, K. Kliemt, R. Kiichler, S. Lausberg, M. Nicklas, H. Pfau, F. Steglich,
A. Steppke

[1] A. Steppke et al., Science 339, 933 (2013).
[2] C. Krellner et al., New J. Phys. 13, 103014 (2011).
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There are a variety of states of matter called “topological”, that defy the traditional Landau-type description based
on local order parameters. Prototypical examples are fractional quantum Hall states and quantum spin liquids which
are characterized by long-range entanglement and are known to host fractionalized exotic quasi-particles. The
discovery of topological insulators/superconductors sparked the study of another species of topological phases, now
dubbed “symmetry-protected topological (SPT)”, which is stable only in the presence of certain symmetries (e.g., time-
reversal, reflection, space groups, etc.) [1,2].

In this talk, I show how various SPT phases appear in SU(V)-symmetric ultra-cold fermions [3] loaded in one-
dimensional optical lattice and characterize these phases by using entanglement spectrum [4]. An interesting

connection between entanglement spectrum and non-local order parameters will be discussed, too.

[1] X-L. Qi and S-C. Zhang, Rev.Mod.Phys. 83, 1057 (2011).

[2] F. Pollmann et al., Phys.Rev.B 81, 064439 (2010); Z. Gu et al., ibid, 83, 035107 (2011); A. Vishwanath and T.Senthil,
Phys.Rev.X 3, 011016 (2013).

[3] A.V. Gorshkov et al., Nat.Phys. 6, 289 (2010); S. Taie et al., ibid., 8, 825 (2012).

[4] H. Nonne et al., Europhys.Lett. 102, 37008 (2013); V. Bois et al., arXiv:1410.2974
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[1] T. Katayama, A. Chikamatsu, et al., J. Phys. D: Appl. Phys. 47, 135304 (2014).

[2] T. Katayama, A. Chikamatsu, et al., J. Mater. Chem. C 2, 5350 (2014).

[3] T. Katayama, A. Chikamatsu, et al., J. Sol-Gel Sci. Tech. in press. DOI:10.1007/s10971-014-3499-x
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