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LEE, Seung-Hun
Professor of Physics , Experimental Condensed Matter Physics
University of Virginia
May 10 2010 - August 17 2010
Host: Professor Taku Sato

My friendship with Professor Taku Sato goes all the way back to about 13 years ago when he spent one and half
years at the National Institute of Standards and Technology (NIST). He was visiting NIST as a visiting scholar and
at that time I was an instrument scientist for a neutron scattering spectrometer. Our friendship probably started
with a car. When he arrived at NIST and was looking for a car, I, as a person who had lived in US for a long time,
gave my advice to him to buy a Japanese car. “Definitely a Japanese car”, I told him. At that time and still now,
Japanese cars have the reputation of being very reliable and of keeping running for a long time without any
headaches. Taku, on the other hand, wanted to drive something different from Japanese cars that he had driven in
Japan. So he bought an American car, for a change, a Ford. Just a few days later, I got a call at night from him. His car
got a problem and was back to the dealership for repair, and he needed a ride back home. I drove my car, a Honda
Civic(!), and picked him up at the dealership. On the way back to his place I teased him of not having listened to me.
That was, I think, the beginning of our life long friendship. When he bought his second car, he bought a Japanese car.

Professor Sato and I have a few on-going collaborative projects. Before I came to ISSP, we decided to focus on one
of the projects, the new Fe-based superconductor, during my summer visit. For the purpose I brought one of my
students, Jooseop Lee, with me to ISSP. Jooseop worked very hard, and learned how to grow single crystals from
members of Sato’s lab, and performed several neutron scattering experiments at JAEA with them. I think it was
really an excellent experience for him. The reason that the ISSP is one of the most prestigious institution for solid
state physics in the world is the simple fact that the great scientists with so many different expertise reside in the
same building. It allows one to be very familiar with many different techniques and it also facilitates collaboration
between people with different expertise. The sample my student synthesized was FeTeo.955e0.05 which is not an easy
composition to grow. Even though it was his first time to make samples, single crystal or pollicrytalline, he did
succeed growing several single crystals during his stay. He was amazed at how easy it is to make samples in one lab
and instantly measure X-ray in another lab and also take it down to the basement to measure EDS. This
environment is taken for granted by people at ISSP, but it is not easily available elsewhere, may be not in the US.
This was made possible because of Taku’s kind guidance and his group members’ help. Jooseop was very happy that
he could use a high quality glove box on the first day, then, work with Bridgeman furnace to grow the single crystals,
and perform several sample-characterization methods such as x-ray, MPMS, and EDS to determine the sample
quality immediately after the sample growth. Our neutron scattering experiments on an iron based superconductor
with a different chemical composition using the triple axis spectrometer at JAEA yielded somewhat interesting
evidence for a possible spin-phonon coupling. After we came to the US, we have performed neutorn scattering
experiments on the single crystals that Jooseop had grown in Japan. The crystals were of excellent quality, and we
have obtained very promising results.

My family especially my 7 year old daughter, Sofia, loves coming to Japan. The unique combination of the old



traditions and the modern culture of Japan is fascinating to us. The variety of delicious food also attracts us to
Japan. We have been spending our summers in Japan for the past five years. We were very happy to spend this
summer near Tokyo. We found out that our 2 year old son, Philip, also loves Japanese food. Philip went to the
University of Tokyo Daycare Center, which is a wonderful place for kids. I thank the staff members for their

kindness.

Last but not least, I truly appreciate the people at ISSP and University of Tokyo for their utmost integrity and
professionalism as scientists and scholars which will be properly expressed in details in the memoir that I am now

writing.
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%Ml : Prof. Michael C. Tringides

JtkE : Department of Physics Iowa State University and Ames Laboratory

H®E:

QSE are responsible for the formation of uniform height metal islands at low temperatures [1]. For Pb/Si the
islands form unusually fast within a few minutes at the relatively low temperatures T~150K. With STM [2] and
LEEM [3] it was found that this is due to the superdiffusive "liquid-like" motion of the dense wetting layer that
moves collectively with constant speed. Unstable islands transform into stable islands with the wetting layer
climbing the sides of the unstable islands to complete the next layer. This is directly seen by LEEM with the refilling
of an initial vacant circular region, generated by a laser pulse, occurring at constant speed x/t instead of the normal
x/t12 diffusive motion (with x the profile edge). This unusual mobility is present above a critical coverage 0.~1.25ML,
which corresponds to 5% compression in the layer. It is not clear what is the cause of this unusual diffusive motion
and how mass transport is coupled to the electronic degrees of freedom. Unusually fast wetting layer to build mostly
bet(110) In islands at low temperature is also present during the growth of In on Si(111) [2].

Since the nano-islands have different electronic structure depending on their height, it was found that nucleation
and adsorption depend dramatically on their height [4].

Pb islands, 2-d phases and 2-d In phases on Si(111) were found to be superconducting with both Tc¢ and the gap
depends on the interface [5,6]. The structure of the interfaces is well known [7] so it is not clear how the
superconducting properties relate to interface structure differences.

In collaboration with M. Hupalo, S. Binz, M. S. Altman, K. L. Man.
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[7] S. Stepanovsky, M. Yakes, V. Yeh , M. Hupalo and M. C. Tringides, Surface Science 600 1417 (2006)
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i B X J-—  How to see Majorana edge fermions in terms of electron spin resonances ?
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Massless Majorana fermions are realized in several condensed matter systems, such as boundaries of superfluid
phases of liquid 3He, those of chiral p-wave superconductors and also interface regions between topological
insulators and conventional superconductors/ferromagnets [1].

Being identical to its anti-particle, Majorana fermion is electrically neutral. Thus, focusing on its spin degree of
freedom, I will discuss how to probe this novel emergent particle in terms of the electron spin resonance
(ESR)experiment [2,3,4].

I first argue that Majorana edge modes of two dimensional spin-triplet topological superconductors have Ising-like
spin density whose direction is determined by the d-vector characterizing the spin-triplet pairing symmetry in the
bulk. Exchange coupling between a probe spin and this Majorana fermion spin is therefore Ising-type. When the
field is applied transverse to this Majorana Ising spin, the system can be described by the Ohmic dissipative two-
state system. Based on this observation, I will clarify what kind of anisotropic "Kondo-like' features would be

theoretically expected in the ESR absorption spectrum [4].

M. Z. Hasan and C. L. Kane, arXiv:1002.3895

S. B. Chung and S. C. Zhang, PRL, 103 235301 (2009)

Y. Nagato, S. Higashitani and K. Nagai, JPSJ 78 123603 (2009)
R. Shindou, A. Furusaki and N. Nagaosa, arXiv:1004.0750

B L ;YA L AE3IF— ¢ Manipulation of Charge and Spin in Single Atoms and Molecules
HIf : 20104E 11 H 1 HOD) F#& 3 BE~F& 4 I
S - MTERECT AR 6 B KakE S (A632)
%0l : Prof. Saw-Wai Hla
Jig : Physics & Astronomy Department, Ohio University
e

When two types of molecules having opposite tendency to donate and accept electrons are put together, the
electronic charge can transfer from one molecule to another. By exploiting charge transfer process, we engineer an
ultra-thin molecular superconductor composed of GaCls and BETS molecules on Ag(111). Scanning tunneling
microscope (STM) images of this molecular film show detailed structural features while the dI/dV-V tunneling
spectroscopy data reveal a cogent superconducting gap below 10 K. Furthermore, by means of dI/dV spectroscopic
imaging, the superconducting sites are directly visualized with a sub-molecular resolution. In stark contrast to the
high Tc superconductors, the spectroscopic maps clearly display a nanoscale electronic order indicating a robust
superconductivity down to an extreme spatial limit. Surprisingly, the superconducting gap can still be detected
down to just four pairs of (BETS)2-GaCls molecules having 3.5 nm length [1]. This finding not only opens possibility
of investigating nanoscale superconductivity but also may lead to future applications in nanoelectronics.

Scanning tunneling microscope (STM) manipulation of single atoms allows construction of artificial structures on
an atom-by-atom basis [2]. Using a magnetically coated tip, individual cobalt atoms are manipulated one atom-at-a-

time on an antiferromagnetic spin-spiral substrate formed by a Mn monolayer grown on a W(110) surface. The
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cobalt adatoms ferromagnetically coupled to the underlying spin-spiral substrate and remarkably, the spin-polarized
STM images reveal different shapes and heights for individual cobalt atoms. We find that the appearances of
different atomic shapes are due to their different spin-orientations, and thus, we can not only image the spin-
direction of individual atoms but also able to manipulate the atomic spin using the spin-spiral substrate as a
template [3]. This achievement opens a novel route to spin-resolved experiments on engineered atomic-scale

magnetic structures.

[1]. K. Clark, A. Hassanien, S. Khan, K.-F. Braun, H. Tanaka, and S.-W. Hla. Superconductivity in Just Four Pairs
of (BETS)2 GaCls Molecules. Nature Nanotech. 5 (2010) 261.

[2] S.-W. Hla. Scanning Tunneling Microscope Atom and Molecule Manipulations: Realizing Molecular Switches and
Devices. Jpn. J. Appl. Phys. 47 (2008) 6063.

[3] D. Serrate, P. Ferriani, Y. Yoshida, S.-W. Hla, M. Menzel, K. von Bergmann, S. Heinze, A. Kubetzka, and R.
Wiesendanger. Nature Nanotech. 5 (2010) 350.
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Ml : Professor Zhiyuan Zhu

Ji® : Shanghai Institute of Applied Physics, Chinese Academy of Sciences
e

Shanghai Synchrotron Radiation Facility, SSRF, is a third-generation of synchrotron radiation light source.
There are 40 bending magnets, 16 standard straights (6.5 meters) and 4 long straights (12 meters) along the ring, so
more than 60 beamlines could be installed in the ring.

The 7 initial beamlines are used for macromolecular crystallography, XAFS, hard X-ray microfocus, X-ray imaging
and biomedical application, soft X-ray spectromicroscopy, diffraction and small angle X-ray scattering respectively.
Up to now, SSRF is the biggest scientific platform for science research and technology development in China.

More than thousand of scientists did their research by using SSRF since the first beam time for users in May 2009.
This talk will report the recent progress of research based on SSRF.

Meanwhile, the new initiative project of nuclear energy and the facility related with light source in the Shanghai

Institute of Applied Physics, Chinese Academy of Sciences will be reported.

[FE

Zhiyuan Zhu #i%i%, b &b ERTEMBEOMBRE T, Kk, W—ARrT /) Fa—TR0 TR —la Egkx 1T /1%
W EAFIEARITI Y AdL, PP EDOIIEIC bIEH SN TVWET,

BE, PEOKR - EME OAFEZE B DIE)>, the vice president of CAS Shanghai Branch, the executive council
member of Synchrotron Radiation Committee of Chinese Physical Society.’s & OBk A #56, EEOFE ' it 5%
SSRF/SINAP »7'm =y N —X—D— AT,

PIPERFCIE, BEDEICBE S 52 < OBNFREBA TP TN L W)H 2 & T, ERROEIF—% LTIHIT HHIC
RO FE LIz, ZHOEREO ZSMEWRFE L TWET,
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R i I F — : Superconductivity, charge and spin order, and quantum critical behavior in
correlated electron materials

HIEF : 20104 11 H 12 H(&)  “Fiili 11 BE~7F# 0 I
S - YERAARE 6 B S5 5 B3I —%F (A615)
Ml : Professor M. Brian Maple
JlkE : Department of Physics, University of California, San Diego
i

In this talk, we describe recent experiments performed in our laboratory that address the interrelation between
superconductivity (SC), various types of charge and spin order, and quantum critical behavior in novel d-and f-
electron materials. Examples include URu2Siz subjected to applied pressure (P) or substitution of Re for Ru [1-4],
lanthanide (Ln) tritellurides LnTes under pressure [5], and Yb2Fe12P7 in a magnetic field (H) [6]. An intriguing case
that has attracted the attention of researchers for the past twenty-five years involves the heavy fermion compound
URu2Siz. In this compound, SC and some type of “hidden order” (HO), whose order parameter has not yet been
identified but has features reminiscent of a charge or spin density wave (CDW or SDW), apparently compete for
density of states on the Fermi surface. Experiments on the URu2xRexSi2 system at zero and finite pressure [1-4]
have been carried out in an effort to delineate the regions in the T-x-P phase diagram that correspond to
paramagnetism, antiferromagnetism, ferro-magnetism (FM), HO, SC, and non-Fermi liquid (NFL) behavior. In
particular, the NFL behavior extends deep into the FM state, which occurs in the region x > x. = 0.15, where xc
appears to be a FM quantum critical point (QCP). The partial gapping scenario for URu2Siz may also be applicable
to certain layered materials such as the lanthanide tritellurides LnTes under pressure [5] and F-substituted
lanthanide iron arsenic oxide LnFeAsO compounds, LnFeAsO1.xFx. Application of pressure to ThTes, suppresses two
orthogonal CDWs and yields SC above ~20 kbar with a superconducting critical temperature T. ~ 3 K, whereas
increasing the F concentration x in SmFeAsO1xFx suppresses an SDW and uncovers high temperature SC with a
maximum T¢ of 55 K. Electrical resistivity, specific heat, and magnetization measurements on single crystal specimens
of the noncentrosymmetric compound YbzFe12P7 reveal an unusual T — H phase diagram [6]. This system exhibits a
crossover from a magnetically ordered NFL phase at low H to another NFL phase at higher H. The two NFL phases
are distinguishable by different power law exponents of the electrical resistivity r (r ~ T for H<Hc = 0.7 T; r ~ T1.5 for
H > Hc). The crossover occurs near the value of H where the magnetic ordering temperature TM is no longer
observable in specific heat and electrical resistivity measurements, but not where TM extrapolates smoothly to T = 0

K at a possible QCP. This suggests the occurrence of a quantum phase transition between the two NFL phases.

[1] J. R. Jeffries, N. P. Butch, B. T. Yukich, M. B. Maple, Phys. Rev. Lett. 99, 217207 (2007).

[2] J. R. Jeffries, N. P. Butch, B. T. Yukich, M. B. Maple, J. Phys.: Condens. Matter 20, 095225 (2008).

[3] N. P. Butch, M. B. Maple, Phys. Rev. Lett. 103, 076404 (2009).

[4] N. P. Butch, J. R. Jeffries, S. X. Chi, J. B. Leao, J. W. Lynn, M. B. Maple, Phys. Rev. B 82, 060408 (2010).

[6] J. J. Hamlin, D. A. Zocco, T. A. Sayles, and M. B. Maple, J.-H. Chu, I. R. Fisher, Phys. Rev. Lett. 102 (2009)
177002.

[6] R. E. Baumbach, J. J. Hamlin, L. Shu, D. A. Zocco, J. R. O’ Brien, P.-C. Ho, M. B. Maple, Phys. Rev. Lett. 105,
106403 (2010).
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AR, 2L ORERFBER (VT 7 =0 A v 7 AWE) BRI, A L BROMBROMEAIZHER L2 CRIN 2
WERBLS IR VT STV D, 20 &) BT OBLBEAE S & R AMBEYMIE, TER, A, #uE, BT
EVSZHBEOHA - Wil & (A OT7IAML—vay] RO THBRENYEERNEGL THER, EBRO
BHRERICK L C, T OHEGMMREAIIIET BN TS, AR, Fa 3~ LT 7 el v IPWETH LA T
5 Mn X127 254 (RMnOs) OB OEHLTT VERE L, ZOWENRTEIHKREO SR EMH LT,
BRMIZiE, A CRBHEEHOZ 7 A Mb—va ) & [Dzyaloshinskii-~FAfH AAEM LR B FEOF A %
EELI-MENET VEBEL, 2z L7 U DT T I iEOR R EFRERXOKEHRICL VI Lz, 20
R, EBROICHEONTOAHAREZHERL, EBRofroy 7| < EEHR~7 7 Vi) . TEXFBEICE] T2
Y HATVT A DOHAL v F 7] Lo R BIBREWBG O L I A LN LD TREE LT 5,

BERE : PSR 1 > 7 4+ —< )Lk 3 F— : Symmetry protected topological phases: An entanglement point of view
HEF : 2010 4F 11 H 15 H(A)  F#& 1 |F 30 0 ~F# 2 IKf 30 5y

5 - YEERIARE 6 B S5 B3I —%F (A615)

#fl : Frank Pollmann

k& : Academia Sinica, Taipei

H®E:

We propose a scheme to characterize gapped phases of one dimensional systems in terms of properties of the
entanglement spectrum. We discuss the application of this scheme to the classification of phases in two specific
examples. The first example is the Haldane phase of S=1 chains. We show that the Haldane phase is protected by
certain symmetries and characterized by a double degeneracy of the entanglement spectrum. The degeneracy cannot
be lifted unless either a phase boundary to another, "topologically trivial", phase is crossed or the symmetry is
broken. In the second example we apply these concepts to classify systems of interacting fermions in one dimension

in the presence of time reversal and parity symmetry.

B R T4 eI T RN T EA LG LN O a7 KEEERICBIT 5 AE Y T T gl
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HE:

TR T T AN L—a VEFRFOWME TIE, AV YR T U F LIHR LI A YL 7T ZMEBRMER T LIZ LB S h
BN, FORPFIIRE HoICB i STV, N a7 a7 EORRBMERIIRMFEN 7 7 A ML — AU ROD
WG CTH D, /A 17 o TikFEEE SO ACre04 (A=Zn, Cd, etc.). R:Mo207 (R=Y, Tb, etc.)EDWE TiL., THEE
B L > THNDORENED D EBZXHNDITHINDLT, AL T 7 ABBREILZE-EDOME L 5, ZOFHEIL,
EBIRENILNOKRE S TAF— IV ENDMUERDOA YL 7T AP L IXHANR Y, £, YaMo2Or TiE, FEBRCHIFT
SINDHENOKRE XXt LT, HFRNRHRBIEE O RV IXFERE L 0 b —HRERY, ThO0FEFEF, EEREREN
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PERDFLGRICK T CTND Z EEREL TS, —JF, YaMo20r Tldkkx 72 EBRIC B W CRFTN e 7B 20 BB
MEINTWD, 72, (Zn1.Cdy)Cre04 Tl MEEEE & (F - THRBTF A 70 Cd B CTEINTHERAY 7T X
MBRBEND -0, Btk T EAOBNESAHEEND,

ARERTIE, M mrruT - 772 F— MEEEICBIT 2R 7 7 ABBOMELZHETH 2 L2 HE L, AY
Vo BT REA DRI RE AR RIS OV THET 1], AR, AV - B TREAICERT S
biquadratic fHAAEMZ EATZ/ A v 7 0 TR EORBENENA € o~V TR % | IR % AR Lo ite 7 0
a7 ) AARIERAWTHIT Lz, AV 7T AEBIREEZ R FREANWOKE SOBIE L TROIFER, WHBIRE
DIRFTHIZR R TR & OFEGIZ L > T—HEKEREIND Z EEZWALNI LT, £z, SlhoXK & XITx L TAWGEIR T,
EBRERALY Y KT AEOREITRED, GLILUCKILTZEAEKGFE LARVIESZT|WE R L., Z ORI eMEE
fbiE, AE Y - BTFREAIC L D RFTZR A Y MOS8 L | Z Ul S R OMHEME DZLICER L TV 5,

[1] H. Shinaoka, Y. Tomita, and Y. Motome, arXiv:1010.5625.
[2] H. Shinaoka and Y. Motome, Phys. Rev. B 82, 134420 (2010).
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Ty MERKICF v U 7% F—7 L OBEEZRB T 2 by s BB EERIC BV X, RERICE FREER T 2
=V TREETHY . EOEFROBROD T DITITFER i O Ykl R FTikiE% E (LDOS) % i1/ ffiE & & > TEPE
BT BERR N FOVEAMEE (STM) 2 W 2 EZ b 1596 (STS) IZ L AIFENEFICEE CTHH([1], ZNET
DOFx O STS WFEFERIL. R VREORE) =2 3N B REO R EM 2 AR L, SHICT7 =L IENTF /) A
IV TZERICEL L TS ZEZREB L TWAH[2,3], s TILIADLDORR L, by iRBEEERICBIT 5
LDOS O -IREEAY (1= v h—=R—R)) 4], AHPRIE5,6]4 X OBEHUEIRE[TIC BT 2 WFFERi R 2 28 2 T
T Do B CITROIHNT TR R SN SR B RIC T 5 Fx D STS HFZERRIZ DN T HAM L7z [8],

[1] B zx1E, K. McElroy et al., Science 309, 1048 (2005)

[2] T. Kato et al., Int. J. Mod. Phys. B 21, 3190 (2007)

[3] T. Kato et al., J. Phys.: Conf. Ser. 150, 052101 (2009)

[4] T. Machida et al., J. Phys. Soc. Jpn. 75, 083708 (2006)
[56] T. Machida et al., Phys. Rev. B 82, 180507(R) (2010)

[6] H. Nakamura et al., J. Supercond. Nov. Magn. (in press)
[7] T. Kato et al., Physica C (in press)

[8] T. Kato et al., Phys. Rev. B 80, 180507(R) (2009)
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BN : BBk 2 J— @ Spin current at the surfaces of non-centrosymmetric superconductors.
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%l : Prof. Ilya Vekhter
Jtk& : ISSP/Louisiana State University
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I will report on the investigations of the properties of surfaces and interfaces containing noncentrosymmetric
superconductors. After introducing the main features of non-centrosymmetric materials I will begin by determining
the spectrum of Andreev bound states near the edge of such a superconductor due to surface-induced mixing of
bands with opposite spin helicities for a Rashba-type spin-orbit coupling. Importantly, I will show that the order
parameter suppression near the surface qualitatively changes the bound state spectrum, leading to a peak in the
density of states at a finite energy inside the gap. I will also explain the formalism for determining the surface
density of states using the quasiclassical equations, and show that the absence of inversion symmetry leads to a spin
supercurrent along the interface. I will discuss implications of this result and make a connection with recent

research on topological superconductivity.
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oo, BaIIBS T ROFEMIEATFAROIERARE L., L\ (BRI 1) OfEEE B L7z (1].
Bl —EHERFRS TRICEBWT, ZUFERIE I OMBREIR Ch 5 oM v 23 (B ofETh D
VI UNNMRATFZHRLSARIE L, FY T U A MR S ORBUERDO AT T RICH A TR E e SR FER R M & R
ZEEHOMNT LI, EE. BRERTCEHRICESE RE R 2RI EMIE 2 R T & P SN EER-T7 = F
VoV EE T VAN T ERE—FIEY T VG- TR (ZRIERIERZEIED—2) OREND,
ZOROHEY T U ANMEE B ORDBIEFICRE 2 O FRINEE 2R~ 2 E RV E (2], BE, B LYEE
WIS & | xRS TROMITCHRRGT 21T TRY ., BBEREAR, /7 7=/ 7Vv—0 %%, HxD
REHESHIE A T D RDB RO o TS, A IF—TIL, MHELETLVERAWHES T ROEHREBOZH & ET L
T O FELERH S 1R COERSE B LR RO REE b L2, BB T ROMISEFHECONTRND, £2, FEDORE
BlE LT, vy TR 2ERARTHBGNRBIKRE 2 A XORBS T RO—FB 7037 4 —HEAEICHATE 5 A
IR FEPLBEIS R[4 I DWW T B T HLICHEAN T 5,

[1] M. Nakano et al., "Relationship between Third-Order Nonlinear Optical Properties and Magnetic Interactions in
Open-Shell Systems: A New Paradigm for Nonlinear Optics", Phys. Rev. Lett. 99, 033001 (2007); M. Nakano et
al., "Remarkable Two-Photon Absorption in Open-Shell Singlet Systems", J. Chem. Phys. 131, 114316-1 (2009).

[2] K. Kamada, et al., "Strong Two-Photon Absorption of Singlet Diradical Hydrocarbons," Angew. Chem. Int. Ed., 46,
19, 3544 (2007).

[3] M. Nakano et al., "Giant Electric Field Effect on the Second Hyperpolarizability of Symmetric Singlet Diradical
Molecules", J. Chem. Phys. 133, 154302-1 (2010)

[4] M. Nakano et al., “Approximate Spin-Projected Spin-Unrestricted Density Functional Theory Method:
Application to the Diradical Character Dependences of the (Hyper)polarizabilities in p-Quinodimethane Models”
Chem. Phys. Lett. in press.
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2287E0D, AV bu=s ZASOEANER D HIFESN T AMMEEEERO—>THH[1,2], LArL, Fa—
U—iRENRRIZICERRE FTEbo T0D 2 ENEMMEOREE L 2o TS, RN & EER L W D T oD R 2 FF o7 il
Wt R E EHIEA~ LB —oDmREMEE LT, B S e~T e oR@mROFHRE:z bND, 20
B2 &b EIERE T Fel(Ga,Mn)As RIZxF LT, EIRIZHBWT Mn Ol A7 5 Z W BH S 7-[3].

AEIF—TlErrre buUEEERNTE LN Fe & Mn OBSKIESGO Mn R—78KF, KT, BUEEK
FERET D, FCEEEZEZ 5 2 LIC X0 JORBEIEDRE S0 O BB S~ R S5 Z LN TE 5 L 5 BBREN
FERNSBI ST, ZAUTRE OBALIRIEZ K3 5 FTREEZ B S HIfF S5 b D TH B,

[1] Ohno et al. Appl. Phys. Lett. 69 (1996) 363.
[2] A. H. Macdonald et al. Nature Mat. 453 (2008) 899.
[3] F. Maccherozzi et al. Phys. Rev. Lett. 101 (2008) 267201.
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LA L3 6, S4E, REEHIE TS DR WIEFARRBEOBEIN 2 EM A 152 FE L LT, IEFHEEREDL X EH)
MRERBLEELEDD LS ITRoTE (1], HFFEFWEREDS XL, AV A2y 7 ROYHOPTHEER DL LT,
1990 AEMANGED b EERRIVLAFZENE AN TON TE b DD, ERBIIH E V£ 220, Ll FliE, Btk o ZHE
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2], T XSz, EhAES ZREILEE OREEIE T O NR2VARE 52 5 A THERICa=— 7 RAEFIETH D,

Frld, BREOEN A A2y 7 RICBT DB THEHELOGRAR T —7 Thd Z LICHER L, ZOWEFED
BI% % = OBERIT > CEZ[3,4], BEIF—TiL, AV A2y 7 RZLIEMBERIED X T 20BN 217572
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[1] Y. M. Blanter, and M. Buttiker, Phys. Rep. 336, 1 (2000).

[2] L. Saminadayar, et al. Phys. Rev. Lett. 79, 2526 (1997); R. de-Picciotto et al., Nature 389, 162 (1997)
[3] M. Hashisaka et al., Phys. Rev. B 78, 241303(R) (2008).

[4] M. Hashisaka et al., Rev. Sci. Inst. 80, 096105 (2009).

[6] S. Nakamura et al., Phys. Rev. Lett. 104, 080602 (2010).

[6] Y. Yamauchi et al. submitted.
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When an ion is placed in a cage structure and the ionic radius is smaller than the diameter of the cage, vibrations
of the ion show strong anharmonicity. Such phenomena are observed in filled skutterudite, B-pyrochlore, and
clathrate compounds and are believed to be responsible for unusual properties of these materials [1,2]. When the ion
is magnetic, electrons in the localized orbital of the magnetic ion couple with conduction electrons. This coupling is
the origin of the conventional Kondo effect. On the other hand, when the conduction electrons are scattered by the
ionic vibrations and when the electron-phonon coupling is sufficiently strong it is shown by C. Yu and P.W.
Anderson that a different type of Kondo effect is possible. As the first step towards understanding of the Kondo
effect of a vibrating magnetic ion in a metal we discuss the case where the magnetic ion vibrates in a harmonic

potential. This presentation is based on the work in collaboration with Satoshi Yashiki and Shunsuke Kirino [3].

References

[1] T. Dahm and K. Ueda : Phys. Rev. Lett. 99 (2007) 187003.

[2] M. Takechi and K. Ueda : J. Phys. Soc. Jpn 78 (2009) 024604.

[3] S. Yashiki, S. Kirino, and K. Ueda : J. Phys. Soc. Jpn 79 (2010) 093707.
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B8 - BT > 7 4+ — <)X J—  Quantum Hall Hierarchies: a general approach based on conformal
field theory

HIEf : 2010 4E 12 H 1 HOK)  # 2 Ri~F& 3 Iy

S - MTERERARE 6 B S5 5 23 —% (A615)

#%fh : Thors Hans Hansson

FtiE : Theoretical Physics, Fysikum, Stockholm University

I will summarize and explain the main elements in a fairly general approach to hierarchical Quantum Hall states
that has been developed in Stockholm and Oslo during the last five years. In particular I will discuss how to
construct quasielectron - as opposed to quasihole - wave functions in both abelian and non-abelian states, how to
generate hierarchies of non-abelian states, and how to obtain the the Jain states as condensates of quasielectrons or

quasiholes.

B CREAR TS DT L SRR

HEf : 20104 12 H 6 H(H)  Fi#& 2 K~

5 - YEERIARE 6 B S5 B3I J—%F (A615)

Ml : Prof. Peter P. Vasil'ev

k& : PN Lebedev Physical Institute, Russian Academy of Sciences
H®E:

A review of an experimental study of superradiance in semiconductor 3D, 2D, and 0D structures will be presented.
It is demonstrated that unique properties of superradiant emission are determined by unusual properties of
electrons and holes, namely, the formation of BCS-like state in a system of collectively paired electrons and holes.
This can adequately explain all features of superradiance, including its femtosecond pulse duration, record peak
power, optical spectrum, spatial and temporal coherency and macroscopically large fluctuations. The effect of non-
equilibrium condensation of electrons and holes in the phase domain at room temperature is experimentally

demonstrated.

B ) A7 =) - e ARk — ¢ Magnetic nanostructures excited with the STM

HIEF : 2010 4E 12 H 7 HCK)  F#& 1 K 30 0 ~/F#& 2 k5 30 7

S YEERIARE 6 B 4 B3I —F (A614)

ifl : Prof. Wulf Wulfhekel

AiiE : Physikalisches Institut, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
=®E:

Magnetic nanostructure are at the heart of modern information technology. Classically, the magnetic state is
switched by applying magnetic fields.

In our work, we use scanning tunneling microscopy (STM) to investigate magnetic nanostructures down to the
atomic level. Using STM, not only information on the topographic and electronic properties can be obtained but also
on the spin. In contrast to the conventional use of STM as a high resolution imaging tool, the STM can even be used
to influence magnetism of nanostructures.

The most obvious way to modify the magnetic state is to use the spin of the tunneling electrons that interact with

the nano-structure via the exchange interaction. We demonstrate, that this interaction is non-local in itinerant
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systems and that magnetic excitations in from of magnons can be created, their energy and momentum can be
measured and information on the local magnetic anisotropy of the sample can be gathered.

Less obvious is that also the electric filed in the tunneling junction can manipulate the magnetic state via
magneto-electric coupling. This effect has mainly been observed in complex multiferroic insulators. We demonstrate
that an even stronger magneto-electric coupling is found at the surface of ordinary iron and that with the help of

STM, magnetic information can be written, stored and read in thin Fe films on the nanometer scale.

PR : PG 2 J— : Imbalanced fermi superfluids: effect of trap shape and dimensionality
HEF : 2010 4E 12 H 9 HOR)  “F#& 4 RE~F#& 5 I

5 - YEERIARE 6 B S5 B3I J—%F (A615)

il FER E

g © sUHERRE KRB E D SR

H®E:

The experimental progress in the study of ultracold Fermi atomic gases have realized quantum degenerate
systems with tunable atom-atom interactions and trapping conditions. There have been a debate over the role of the
trap anisotropy in systems with population difference between two hyperfine species, as results from the MIT [1]
and Rice [2] groups have shown significant differences over the validity of local density approximation (LDA) and
the upper bound Pcc of the imbalance ratio for condensation to occur.

By solving the Bogoliubov-de Gennes equations with coupling-constant renormalization appropriate for an
elongated trapped system with a chemical potential difference, we show that Pcc, does not increase with the trap
aspect ratio A.

This is also confirmed by our simulation based on the real-space self-consistent T-matrix approximation (RSTA) .
Moreover, the breakdown of LDA is expected to be minor for the experimental conditions if thermal equilibrium is
reached [3].

I will also comment on the one-dimensional systems with population imbalance [4] or bichromatic potential [5].

References

[1] G. B. Partridge et al.: Phys. Rev. Lett. 97, 190407 (2006) and references therein.
[2] Y.-I. Shin et al.: Nature 451, 689 (2008) and references therein.

[3] M. Tezuka, Y. Yanase, and M. Ueda: arXiv: 0811.1650v3 .

[4] M. Tezuka and M. Ueda: Phys. Rev. Lett. 100, 110403 (2008).

[6] M. Tezuka and A. M. Garcia-Garcia: Phys. Rev. A 82, 043613 (2010).
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HEE Q1D EITEHEFNRREEN 2R T I ERMON TS, EER N R VEEMBEE (STM) 2 AW CEHESR
M) mcHEEN, BREFHIRMEELF OB OTWHRIL, EFOFRFOWMENE 2 222 M T3 i I BBE
RTHD[1-3], BHEFHRMEEEZ S OREMEMPBEERRE CIER SNTZSGE. Ty A EX T A8 &)
OEFORIENEFEN, FORMBEMITA U FEET 5, £ LT, AVUURE LIcTFERNR. A Y U RiE 7 E7EK
ol InD,

AW TIZ, Ao fERREATH STM, A UARMERR b o R VBMEE A VT, AV UIKFEE T T TR
K7/ #iE (Cu (11D B STz Co TA T 2 F) D A ARIBE 2 RFTINICER T2 2 L 2l 6ncd 5, . %
DOFERITE —FREHFIC LV EONTERE L BN —HERTZ LA LMNTT 4],

[1] Y. Hasegawa and Ph. Avouris, PRL 71, 1071 (1993).

[2] M. F. Crommie, C. P. Luts and D. M. Eigler, Nature 363, 6429 (1993).

[3] M. F. Crommie, C. P. Luts and D. M. Eigler, Science 262, 218 (1993).

[4] H. Oka, P. A. Ignatiev, S. Wedekind, G. Rodary, L. Niebergall, V. S. Stepanyuk, D. Sander and J. Kirschner,
Science 327, 843 (2010).

BERE . ek I — : Thermal-transport Studies of Quantum Spin Liquids
HIE : 2010 4E 12 7§ 16 HOK) i 10 K 30 50 ~“Fhii 11 I 30 43

5 - YERAARS 6 B S5 5 B3I —%F (A615)

C T S

g« SERRSA B FE R

#HE:

Quantum spins, coupling antiferromagnetically on a 2D triangular lattice, cannot simultaneously satisfy all
interactions. This frustrated situation is expected to give rise to mysterious fluid-like states of spins without long-
range order, so called quantum spin liquid (QSL). The ground state of QSL and its exotic phenomena have been
extensively discussed for decades, yet to be identified by lack of any real materials. This is why the recent
discoveries of materials possessing an ideal 2D triangular lattice have spurred a great deal of interest.

From thermal conductivity measurements of QSL candidates, k-(BEDT-TTF)2Cu2(CN)s [1] and
EtMesSb[Pd(dmit)z]2 [2], we found the two organic compounds possess different QSL states. Most remarkably, in the
latter compound, a gapless and nearly-ballistic excitation was inferred from a sizable temperature-linear term of
thermal conductivity.

In my talk, I would like to review present status of QSL studies, and discuss relation between theories and our
results, especially for the gapless QSL found in EtMesSb[Pd(dmit)z]2.

This work was done in collaboration with N. Nakata, Y. Senshu, M.Nagata, Y. Kasahara, S. Fujimoto, T.
Shibauchi, Y. Matsuda, T. Sasaki, N. Yoneyama, N. Kobayashi, H. M.Yamamoto and R. Kato.

[1] M. Yamashita et al., Nature Physics 5, 44-47 (2009).
[2] M. Yamashita et al., Science 328, 1246 (2010).
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il © Bl 1 >~ 7 4 —< )bk 32— : Density wave driven metal-insulator transition in nickelates
HIE 2 20114F 1 B 17 HOA)  “Fii 11 Ri~2F2 O Iy
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M : SungBin Lee (1YY EY)

g : YT IV T RFF I N=NTEL

e

The Mott transition in nickelates,RNiO3s,shows unusual magnetic ordering and charge ordering in the insulating
phase.

For the more itinerant nickelates,one may argue that these unusual density waves are actually driven by Fermi-
surface nesting,originated from the large flat regions of Fermi surfaces.Using a tight-binding model of the band
derived from doubly degenerate eg orbitals,we obtain the density wave induced metal-insulator transition phase
diagram in the presence of on-site Coulomb interaction and Hund's coupling,treated in Hartree-Fock
approximation.Furthermore,motivated by recent success in layer by layer growth of nickelates,the thin film effects
in nickelates are also studied.

Finally we calculate the optical conductivity for the various states in our phase diagram,suggesting experimental

measurements to check the theory.

i : The seminar by New Materials Science Div.: Herbertsmithite: a quantum kagome spin liquid /
Frustration and competition of interaction in the Kondo lattice

HEF : 20114E 1 H 17 HD) P& 3 BE~7F# 5 I 30 43

5 - YERAARE 6 B S5 B3I —%F (A615)

#%fh : Professor Philippe Mendels / Professor Claudine Lacroix

Fitig : Univ. of Paris-Sud / CNRS-UJF

#5  Herbertsmithite: a quantum kagome spin liquid

Prof. Philippe Mendels

The discovery of Herbertsmithite ZnCus(OH)sCl2 has triggered an intense activity on new kagome materials and
related theories for the ground state of the kagome Heisenberg antiferromagnet. Various experimental results on
Herbertsmithite will be reviewed and discussed, including our NMR and mSR work and I will try to sketch a state of
the art experimental picture on settled and pending issues, in view of recent models.

Recent developments on some new Cu?* S = 1/2 families studied in my group will be also presented.

Frustration and competition of interactions in the Kondo lattice

Prof. Claudine Lacroix

In this seminar, I will present 2 extensions of the well-known Doniach's diagram for the Kondo lattice:
- the 1st one concerns the underscreened S = 1 Kondo lattice. We have obtained the phase diagram of this model
which yields the coexistence of ferromagnetism and Kondo screening. This underscreened Kondo lattice model can
describe magnetic properties of some Uranium and Neptunium compounds.
- the 2nd one is related to the influence of frustration in the S = 1/2 Kondo lattice: 2 different types of singlet phases
can be stabilized in this model: the Kondo phase, and the collective singlet phase. The global phase diagram will be

discussed with possible applications to some Cerium and Ytterbium compounds.
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#%Ml : Dr. Narcis Avarvari
fil® : CNRS - Universite d’Angers
e

Introduction of chirality into conducting systems is a topic of much current interest as it allows the preparation of
multifunctional materials in which the chirality may modulate the structural disorder or expresses its influence
through the electrical magneto-chiral anisotropy effect. The access to various chiral electroactive precursors for
molecular conductors is therefore of paramount importance.! For example,chirality can influence the structural
disorder of crystalline tetrathiafulvalene (TTF) based materials,and hence their transport properties,such as we
demonstrated within a couple of complete series of (=£),(R)and(S) molecular conductors based on chiral TTF-
Oxazolines (TTF-OX).2 Starting from these results,several new strategies to address the chiral information have

been imagined and will be discussed during the lecture.

1L.N.Avarvari,J.D.Wallis,J. Mater.Chem.2009,19,4061.
2 Fourmigue,J. Am.Chem.So0c.2005,127,5748;b)A.M. Madalan,C.Rethore M.Fourmigue,E.
Canadell,E.BLopes,M.Almeida,P.Auban-Senzier,N.Avarvari,Chem.Eur.J.2010,16,528.

B - SR = J— : Nosé-Hoover network: Design of non-Hamiltonian dynamical equations for molecular-
dynamics with multiple thermostats

HIE : 2011 4¢ 1 H 21 H(&) P& 4 BE~Fi& 5 I

5 - IIYEDRRIAEE 6 BE 55 5 23— (A615)

il : Dr. Tetsuya Morishita

J® : Nanosystem Research Institute (NRI), National Institute of Advanced Industrial Science and
Technology (AIST)

i

Nosé-Hoover (NH) dynamics, in which a single thermostat is implemented, has been widely used to sample the

canonical distribution in the phase space in molecular-dynamics calculations. It is however known that ergodicity is

not satisfied in the NH dynamics for small or stiff systems, which results in insufficient sampling of the canonical

distribution. To remedy this deficiency, multiple thermostat systems are often invoked to enhance the sampling in

the phase space. In this talk, I will show a general framework of NH-type multiple thermostat systems, Nosé-Hoover

network. Many of multiple thermostat systems are actually based on non-Hamiltonian equations of motion and,

unfortunately, they are mostly constructed in an ad hoc manner. Based on the Nosé-Hoover network, in contrast,

one can systematically develop multiple thermostat systems having an arbitrary number of thermostats and

arbitrary connections between a physical system and thermostats. As an example of the Nosé-Hoover network, I will

introduce recursively attached NH thermostats (recursive NH thermostat) and will illustrate its higher efficiency in

sampling the canonical distribution for an one-dimensional double-well system than the Nosé-Hoover chain

thermostat.

24



R B 2 — W= FETFIVICBIT B RFHIZL S 2 A B OMR
HIRE : 2011 4¢ 1 H 28 H(&) Fi% 4 BE~F#& 5 I
5 - IIPEDRRIAEE 6 BE 55 5 3 ) —= (A615)
%Ml : Prof. Philipp Werner
ilE : ETH, Institute for Theoretical Physics
e

We use nonequilibrium dynamical mean field theory in combination with a diagrammatic real-time impurity
solver to study the relaxation dynamics after an interaction quench in the Hubbard model and the heating
associated with different ramp shapes. The heating produced by (sudden) quenches can be considerable. In the case
of ramp times of a few inverse hoppings, the ramp shapes which minimize the excitation energy are characterized by
large-amplitude oscillations with an oscillation frequency related to the bandwidth. The origin of these oscillations

can be understood using a perturbative analysis for infinitesimal ramp amplitude.
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