IR R AT FE
Condensed Matter Theory Laboratory

EEMER Hig i R (E))
FURUSAKI, Akira (Ph.D)

F—kUTUR

1. WE O 72 M E 2 PR 5

2. WEOLERMZ BT 5

3. FTLWIEHAE B2 %

4. FHEBBLE 2 BfiE4 2

F—U—F:

SRFABIRE TR, MMk, BEE, FrarE TRy, BB, MR e U uiERis, 7o ¥ —Y U RTE

AR

BHFIEETIX, WEHORTWAWARWE L WEFOE Ik 2 MG (B 70mEt %)

IHESWTHGRMIZHAT 2 Z L2 BB L THIEL T\ 5, Z2EOE TS HAELMEM LooEE L T
é%ﬁ%+fi HHEHN SR OB 72 BRFFRAMERIR TBLAL, IR - 86355 - [JE /R EDE(kE L bIT
PR NE X 5, EBARE - & TEB L0 TSR © OMERE 1R ICB T 2 BEEOME S 2
DOHAFTHY | TN D DEFBEROEREME L WEIZAN L= ZRRkIEE RS 5,

=S A R, A e a T EOSGREMERRED T F A ML —v g VORVVETAE Y
F T, BRI ORI GV CIHAARRIFRENE LD, TO—FITHDL AL RIK, AL -
AT Ay THRAA FZARFHOMEIZOWTHIE L T\ D, £, RFTERFEERZ & 72720 FR
oA AR, B (REY) F—LRARED FRa P h AR bR e Ul VB RE R
LML HAT - TN D,

1. mﬂﬁﬁTéBfHVﬁwﬁﬁw-ﬁfﬁwwﬁﬁ(éﬁhh&w
XY v 7 OHDLEM T 2V I A RO MR Y VRO FE XL BZEMRITIZB N T,
10@ﬁ%ﬁmohﬁ3o@ﬁ%ﬁﬂﬁﬁQWW$myﬁwﬁfE%éM5hvaﬁww%%%\2
DOORHN Ze AR NP THEEIND, Fxld, EERITHFROGEIITEFFMHAEIEHIC
Ko TZ N ZInlTHIRESND Z L%, BB 7~ B2 Ve — GRS L > TR L7z (n 1322 MR
TCERHEIC L > THRELHRED .

2. TUELEBEbOTETATYY c T NANIF DT E—Y URE (FIR, Mudry)

~ AR\ 2 NAERRIRRS R AR e A NVBREROAIME TH 5T 4 T v VALK LT, BEEEEY T
VHERILIEEEDOT A= VRTERIBE AR LTz, 1RIT - 2 R0C - 3 RITD bR 1 Y A LERRIA -
BAREROT &2 — ) VREOMK O 250 Uz, Ziud, 2 onBHE 1A — VRO 7 T h—I[Hls
B DO— AT Y T 5,

8. JUVIUENT 4 v IRMEIISFEONTET 4T v c UL VLR (Bojesen, i)

B FEAF



SRR B A AAEH OB < M CIE. N RE Yy v TR R (T4 7 v 7 ) IXREE RS
& IR FED FCIIARZERD T, T4 7 v 7 ML ENAFAET D T2 OITIIAHINE 72 kR DS o
EThHDH, Bxlx, Typelll /¥ UELT 4 v 7 REEF A DL ST T-MEICL T, T4 T v
JIRRT AT v VN BEEICFET D 2Lz, S50, BERREZOWTHIFE LT,

4, ZRIEEOERFHEICIVSFONT PR U HIAVEOSE (HH, HRF)

I, SnTe (2B W TEIRIFRMEIZ K - T5F 5417z topological crystalline insulators O FEEL AL i
TW5, —F, BREEFRTREINT MR a U UEE OBEESIIRIFMEIC Lo TRES L FAR e
TV (symmetry protected topological phases)~ & L3R S 4v, 8FHES D bose Ki 1%, spin RIZE
WTHREBLT 5, AWFFTIX, Chern-Simons Bl oS X | SEBHMEIC L > TRES - AR Y
TINABDGFAEAITV, BIBKIFEIZ Ko TIRFE SN Z RS spin ROETVEHE LT, I 5HIT,
fermi B 1R CIIEEIE T T~V & d hAR v VB VFIZRAEBIZ RIC L 0 Za OREE 7o T M2 LT
LEPHBILTNDN, ZRICRTH RO R A5G-,

5. bARw UM ViTEREE IR A ERBESR (M)

T ZHUE, TR O ] L LT BTV SmBe A b AR 1 U W IEE A 2 R bR
2 A VIR IR OEE & L CIER SN T, £ 2 Tk bR r U Ik A B e i & iR R
NRDNIE I > T T 72 O BAR AR S LD 7= b, L6k - Bigmmm CEP e e STV D,
LA L, FR D R O BRI DI & A ST B EICR O TR Y . EBRAICE 7
INT A =B THDHMEDROMBIANRRD HiILD, &I TARMETITIA L VR — %k E R~ T EOE
F# Cd 5 Kane-Mele-Kondo lattice O FEZNFOMENT 21T - 7=, BRI EEIBRERIZ K D fRbT G Sttt
FETITEBEIRICLY bR POV ERARARBEENE SN TS5 THARIREFEE CIX bR
aVIVCIER A E 2R L, IBESRICEIY bR e MEE S NS Z AR L,

6. BInERF L BIBFOLEFERICEN 2 HERE (T )

PRI ERAE 2 R8T xF L T skyrmion #31& % & D Jm ATk D 828 4 Fi ~ 7o, BERASHI A
DIZRTET 2RAEL LT L <A B S Shiba IREEIZELLOREED skyrmion OH.OICEND Z L 2B 5
MINT LTe, 7272 LAMIFE T D T IRBR IR B B S BERVIZIGR T 2 MU W Tl F [T EIC R 2 5 2
ExR Lz, FERICB W TIA B UM STM IZ L - TZEOREZ B TE 5 Z & &4 L7,

7. Kitaev B-FI2361) D BB HDOER (i)

SEATIZAE AT 2 R0 Kitaev 85 ORI A 72 B A AT FH % FH~ 5 = & ©, Majorana Stk REN & 72 59
¥¢ ¥ 72 Josephson #& & Zikam L7-, Majorana MilkEENE R = XL X —ThH Z LICHKL T
Josephson fif & IZEM D ~ > FNAEED 1 IROZHFR & L THEN D728 1@H O Josephson #t & & AHA
WAL D, BEAOREL L CNMREHT 2 - L CHBRRICEN TS EREICHEEAENS 3 - L %
O LTz, #iik L7 AR EBIIE IR R~ DISH R EIR SN 5,

8. =AKTETFIiaMEM Ba3CoSh209 0EIFIMHE (=)
BasCoSb20g iE Co2*DFZN A L Setr = 1/2 12 L 5 ZAKFEA A B~ 7 =57 /L OIRIEHER
IRFEBHIC, Buiils Tt 120 EEBEOMSKEFNFET L, BT Tl 1/3 b7 7 b—iZxhind 5

ERK 27 A/ FY 2015



up-up-down HE&EZIED, BETNRICE > TREL ST 2 OFRIFHENEST 5, Fkx ZILFEE S
N—TNZ K D8 a5 O FERME M T EGELIEBR & i35 BN, ~ 7 R OF BAE A % IRk TH
VIANTEFRRIE A B IR BRER DT 21T o 1o ZORER. ~ 7 ) U AT L DERTEDH LWELH
FEPFEH A2 TH D A EBER T TE RN &R o, TOZ LIE, ToE 2k
JERBEDHEESFFAE L TN TH, RIKITE 7 7 A R b— MR TRERD 2 2 & A F 3 7 AT d LA HE
B L EMICRRDGAN DD Z EETFBRLTND,

9. 7J A bL— FNETREEERIZETABEIMMIRDO KTy NT—I#EHE (R)

RIS RG-SR DN T H D7 T A R L— bR T A B UL 7 7 VO fafgs 5 Tk S
NDMRERFEZRRT2, D OB T WSRO 2 IO EAEH Z2:8M3 5 & EHZEm T
SR 7e (R —Fi B2 220) EEOWEER Y b o~ 7 ) U RS TX v v S LR b, ek
I~ 7 ) v ERER ARy B T T 58Ik o TED XS R OMAE ORI L - THEE
MEDNEL 2 D& iRt L7z, HRIC. 3IRTTAYZR A 1F 9 A B MG D T 2 LAY 70 e — R oD
S EERE AL 2 2 S 2 BERICHT H M L,

10. EFHT7 7 A b L— MEEEMEMRIZIIT B order by disorder 1 (HkJ. Sindzingre, Shannon)
SRR AAE 2 Fi> 7 T 2 b b— b UToBEMEIRIZ BN 2 8 a7 7o et Al 2 i~ 7z, e o7 v\
Vialb—YarE AV UEEREHW, BSET OB EZRANT-, EOfRE, 7T A b L— bR
KOLAE L ITRR DL OFHUNELIENE R L, £7°. H2REOHAIER T A—%TiL, #
G OARREMEMN, 1/3 77 F—HHb 8D =AM ORBMEIR ORBG HHRK L 1ZER Cic b 2 &
R LTz, WIS, MAER/RT A—2 % ZOmno b, i L ECR AR EB) & 22 o fhi EICHHE LTFEE
THNRTG A—ZEICBEIT D L. FEIC ZODOH LWHENHERT S Z L3S hotz, —Dl. ﬁﬁﬁ‘(mf‘
BT DA RIRIZ > TR | AL UAEER T S(@QIZ ) v ZHERBENLIRETH D, b O —
Wit AR OZE QIREBIR-TnD, ZNOLDRLIFBENEZZ L FrE—IENLHER LT,

11. ARV A + CusVeO7(OH)2(H20)2 D A & ARFIDEH L gkt (M. &)1, Sindzingre)

7 A b L— MR « RILRB A b CusVeO7(OH)2(H20)2 % HHE &L OfE s S 2 AWV CF 1 e
IR ZATV, AV CMAERZRE LTz, ZORE, 3 DOBET 2 AR AHEEHL, FTA
~—EEDBMEIRIZ I > TS Z E Ny ote, TOEFETANLAX— LT, KRICBIT DAL A
PR 28 U Te, 2 O A B URANL, BE U3 IZIEWEL T 7 b —% b, EBRCBII ST\ 5 1/3
Wt 7 h—% B BBLT 5, Wb 13 LLTF OfEIE, MR GEZFFOIESE LD Ji-Jo-J AT
FLIR XD Z EBN o te, T ORBENT, BE 1/8 ORIGE FIZBW T~ ) UEOREIC L D2 A -
X~T 4 v 7 HERD, ERTHEAL 1/3 OE FISHaRHERBH S TEY . ZOMPRE~T 4 v 7
ThoreTHLE,

12. 3faza7A Y Vv LB OFE—REFE (NEFH)

FXxtEREy 2 ) =7 T A B BRI RSV B R EIC Lo T, M e e 7y A Y
7 NERAERE AolreO7 (7272 L. Al3Ai L34 4 Pr,Nd, Sm, Eu, 83X Y) ZM#r L7-, i
fbDZIT, KRBMERERTE— A > b, BWX v v 7, Weyl ROFEDOHWIZHONT, %A |

7 —na UAREAEH UK T DIRFEHZ R~ Tz, EOoWEIZBWTH, Ux KEL<T5HI2o1 T,

B FEAF



W AE 5 all-in, all-out BN Weyl =428, all-in, all-out K FRBEMERGRZ AR ~Z R AHERR 3
HT EER LI, Prb EuY &, A A ERP/INEL 25 TR, MKsHEE, B, &Rk
W E U D UDENBAT 5, ZHUTER TEIM S T D 2 EVERIICE T3 5,

13. R RIA U DT ABRIEICHT BB —REEFHE (NEFH)

T X L TreOs Z AR /2 > 2 U =7 /T A B B BB RS W - — R BRI
K o THE S TS - BB RS A MRAT U 7=, IS BB 7 N SV 7 e @%éﬁﬁﬁ%@%ﬁMgﬂmD
ZHAWESA, SO LINDOs (0001) 2 AW =HaIc 20T, kb a4\, /7 —a v
FEAER UDSEE PN, T ORESE, w?ﬂ®%ﬁ%l%V&fuL@U”iof@ﬁ%ﬁ%%%
WML, 2-in,2-out (T VBRI 2 22 EAL T 2 TR RIAE BAEHI 3% BT,

14. BT HNVBHEIC LD BF AL T A 2% Th2Ti207 OREKAIEE OfFENT (NEFH)

NA vy a7 TR T D Th3 A F o DBKINFES T~ — A ZEEIT LT, — A2 ol 2
VL V2 B A B T TV BB Ko TTREST L. FEBRAVICELI S AU 7o WA bR MR AR A M A BB
DFAEAERZESZ U, B B bihfR7e okt 2 e o7 v m BHR L FEBRE & o tbigie & b
E BT, TbeTi2O7 (kT 2 AERE L ZIHE LT,

15. KEREE B FHEEOE —FEHEIC L 28R% K2)

KFEREENEFRE LS L, ITERTE SN TSRS 5 85— R EEH LI L D418
AT o 1o PERD T FIEEMAR L& HEfafE 2 FAE L7222 08 2 IROT2 A BER GO/~ Ry
DHOREFET D Lo Te, MAGEET VEAMEL, ERTBHI S TS E v MERK(EOR
RO, AV RIRRRIR D BV O & iam LT, £70. KFEDOENL & BT AL a2 @ < |
IKFEREEITHREIR T % Rk e SR O T REME 2 5 L 72,

16. BRI 7 T A L —v a Ve TFHBHEORKEICL 2 NFEMELE (W2)

B =ZAKT FOMAEERTHIAE L VAT 2 LI F U RITHRA N AL A I kT B T %
WESHEEETLVEZHNT, BRTZTA ML —a r ERTEHBENEY 23HELY AT I 7 2%
N, WVARC T RS LTc R OROERRIFERZ , M AEEZ TR L72RER, AT
A TRVEATRRFF DS U R 2@ R RS 2 R 72 D B 3 R5 A O BT R IR~ % KRS 7
U7y UL E 2 ER s A O

17. FEERBLER - BIRBIRICK T2 CEEE Y Y FBINFE (BB
BT OHER T CRRF A oL, A2V 2—FR7 « RV¥ AL B OEESE S
ELTOX Y v 7 HEADHWOND, v v 7 HRERAE TCEOHMEM LS OITEFRETH L3,
—RICRIZB WL ATFE S RO AYLIET 5 2 & TP TE 5, FFICHRIE, VU b ORFfH
IR DRRESR N IE & RO ST THEB EZEDTWD, B I 3OMMEERE. Y 7Ly b p %
DIEPERABAEAR - IR R T ZARRICEBT D SUN)-RH T =V IR R eGSR~ —
it L7e, 2L T, ZRAORIFADOAE L XA FI 7 A0, VU M AHEET 5~ 3 7 TR O
WEB BT LT,

ERK 27 A/ FY 2015



18. A7 TR b L—3 g VB OEH NV FBEEEKICBIT L EDOHME  (Bojesen)

BE OB & R OBRERIC B T DS OMAD 7 T A R L— g 3 a7 bR o0
VRO 2 A A TR REE R B D, ZOWRE T, 2O X 5 RBEREEIZKIT AL T0EE, XY
TN =T B AV SEEE L, 7 7 A2 =PRI, B X OKBISEE T Ara it EIC
L ORIz, ZOfRR, BEPLEOHRIIMETE 5 L BbNL TV D 3RITICEB W T, F— U0k
LERHWTRAA T NERREZIEEZ T EEFRALL,

Key Sentence:

1. Understand universal properties of materials

2. Understand diversities of materials

3. Find a new state of matter

4. Understand phase transitions

Key Words:

strongly-correlated electron systems, magnetism, superconductivity, novel quantum orders,

quantum phase transitions, topological insulators, Anderson localization

Outline

Main aims of our research are to discover theoretically novel properties of materials and
understand them from microscopic theory (quantum and statistical physics). Many-electron
systems go into ordered phases with spontaneous symmetry breaking at low temperatures. Typical
examples are superconductivity and magnetism of strongly-correlated electron systems in
transition-metal or rare-earth oxides and molecular conductors, and these are our major research
subjects.

However, in strongly-frustrated quantum spin systems such as triangular, kagome, and
pyrochlore antiferromagnets, exotic quantum states without conventional magnetic order are
expected to emerge. For example, we have recently studied spin liquids, spin nematic states, and
chiral ordered states. In addition, we study novel topological states of matter: topological insulators

and superconductors, and other symmetry protected topological states.

1. Classification of topological insulators and superconductors with quartic interactions (Furusaki,
Mudry)

According to the classification of gapped nonineteracting fermions, at each spatial dimension, 3
symmetry classes have topological phases with an integer (Z) topological index while 2 symmetry
classes have topological phases with a Zs topological index. Using nonlinear sigma models, we have
shown that in general, at odd spatial dimensions, quartic contact interactions reduce Z
classifications to Zn classifications, where n is an integer depending on the spatial dimension and

symmetry.

2. Anderson localization of Dirac fermions with random mass (Furusaki, Mudry)
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We have studied Anderson localization of Dirac ferimions with random mass, as a model for
disordered topological insulators and superconductors and determined generic phase diagrams for
one, two, and there dimensions. This problem is a generalization of plateau transitions in integer

quantum Hall systems in two dimensions.

3. Dirac and Weyl semimetals protected by nonsymmorphic symmetries (Bojesen, Furusaki)

In crystalline systems with strong spin-orbit interaction, energy bands do not touch in the
Brillouin zone under time reversal and inversion symmetries, and thus additional symmetries are
needed for the band touching to be ensured. We studied the topological protection of point and line
nodes in 3D Dirac and Weyl semimetals by nonsymmorphic symmetries. We have found that a
special kind of nonsymmorphic symmetries, dubbed type-II nonsymmorphic symmetries, together
with inversion and time reversal symmetry, plays a central role in protecting these structures,
providing them with a nontrivial, integer topological charge. We also studied the surface states of
such systems. This was done by analytical (k*p Hamiltonian analysis, K-theory) and numerical

(tight binding modelling) means.

4. Classification of symmetry protected topological phases with reflection symmetry (Yoshida,
Furusaki)

Topological crystalline insulators such as SnTe are protected by reflection symmetry. Recently,
the concept of topological insulators is extended to a symmetry protected topological (SPT) phase
which can be realized in correlated systems including boson and spin systems. In this study, by
employing Chern-Simons approach, we have addressed classification of SPT phases with reflection
symmetry and proposed a spin model having SPT phases with reflection symmetry. We have also
analyzed instability of boundary gapless modes in topological crystalline insulators with reflection

symmetry in the presence of electron correlations.

5. Finite-temperature effects on topological Kondo insulators (Yoshida)

In these years, SmBs, a representative example of Kondo insulators, has been proposed as a
topological Kondo insulator. This system is expected to show novel phenomena due to electron
correlations and topologically nontrivial properties and is extensively studied experimentally and
theoretically. Most of these theoretical studies, however, are restricted to zero temperature, and
temperature effects relevant for experiments have not been studied yet. We have analyzed the
Kane-Mele-Kondo lattice model using dynamical mean field theory. Our study elucidates
restoration of topological properties at finite temperatures which are destroyed due to the Kondo

effect at zero temperature.

6. Bound state in magnet/superconductor system (Nakosai)
The effect of local magnetic field with a particular spatial structure such as a skyrmion on
superconducting systems is discussed. We find that some of scattered states are trapped around the

core of the skyrmion which are similar to well-known Shiba states. However, those two are different
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in that wavefunctions of the newly found trapped states has power-law behavior. We point out that

these states could be experimentally observed by using spin-polarized STM measurement.

7. Modulation in the phase of superconducting order parameter in Kitaev ladder (Nakosai)

We investigate the two Kitaev chains put in parallel, i.e., Kitaev ladder. The m-junction between
the Majorana bound states at the ends of the chains competes with the usual Josephson coupling
along the chain, and this frustration leads to the modulation of the phase difference of the
superconducting order parameter. We show that this modulation gives doubly degenerate ground
states, which can be manipulated by external electric and magnetic fields. They can probably be

used as implementation of qubits.

8. Dynamical properties of the S = 1/2 triangular-lattice antiferromagnet BasCoSb209 (Kamiya)
We employed the nonlinear spin-wave theory on the quasi-2D triangular-lattice XXZ
Hamiltonian of the easy-plane type to be compared with the recent inelastic neutron-scattering
experiments on BasCoSb209 performed by our collaborators. This compound is an equilateral
triangular-lattice pseudospin-1/2 compound without Dzyaloshinskii-Moriya interactions up to
several lattice spacing, thus providing an ideal opportunity to investigate the triangular-lattice
antiferromagnetic Heisenberg model, a paradigmatic frustrated quantum system. We found that
the magnon spectrum is strongly renormalized by interaction effects. More importantly, we also
found that the large-S approximation, which is conventionally employed to predict magnon decay in
non-collinear magnets, is inadequate to explain the new experimental observation of spectral
broadening. Thus, our results call for a new theoretical framework for describing excitation spectra

in low-dimensional frustrated magnets under strong quantum effects.

9. Three-dimensional crystallization of vortex strings in frustrated quantum magnets (Kamiya)
We demonstrated that frustrated exchange interactions can produce exotic 3D crystals of vortex
strings near the saturation field of body- and face-centered cubic Mott insulators. The combination
of cubic symmetry and frustration leads to a magnon spectrum of the fully polarized spin state with
degenerate minima at multiple non-coplanar Q@ vectors. This spectrum becomes gapless at the
saturation field and the induced magnetic ordering can be formally described as a condensate of a
dilute gas of bosons. By expanding in the lattice gas parameter, we found that different vortex
crystals span sizable regions of the phase diagrams for isotropic exchange and are further stabilized

by symmetric exchange anisotropy.

10. Novel phases in a square-lattice frustrated ferromagnet (Momoi, Sindzingre, Shannon)

We explore some of the new phases which arise in a model with frustrated ferromagnetic
interactions, the J1-J2-Js Heisenberg model on the square lattice. Using a combination of classical
Monte-Carlo simulation and spin-wave theory, we uncover behavior reminiscent of some
widely-studied frustrated antiferromagnets, but with a number of new twists. We first demonstrate

that, for a suitable choice of parameters, the phase diagram as a function of magnetic field and
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temperature is nearly identical to that of the Heisenberg antiferromagnet on a triangular lattice,
including the 1/3-magnetisation plateau. We then examine how this phase diagram changes when
the model is tuned to a point where the classical ground-state is highly degenerate. In this case, two
new phases emerge: (i) a classical, finite-temperature spin-liquid, characterized by a "ring" in the
spin structure-factor S(qg), and (ii) a vortex crystal, a multiple-Q state with finite magnetization,

which can be viewed as an ordered lattice of magnetic vortices.

11. Magnetic behavior of volborthite CusV207(OH)2(H20)2 determined by coupled trimers (Momoi,
Furukawa, Sindzingre)

Motivated by recent experiments on volborthite single crystals showing a wide 1/3-magnetization
plateau, we perform microscopic modeling by means of density functional theory (DFT) with the
single-crystal structural data as a starting point. Using DFT+U, we find four leading magnetic
exchanges: antiferromagnetic J and J2, as well as ferromagnetic J' and Ji1. Simulations of the
derived spin Hamiltonian show good agreement with the experiment. The 1/3-plateau phase
pertains to polarized magnetic trimers formed by strong J bonds. An effective J—c© model shows a

tendency towards condensation of magnon bound states preceding the plateau phase.

12. First-principles calculations of pyrochlore iridates (Onoda)

Pyrochlore iridium oxides A2Ir207, with A being rare-earth elements like Pr, Nd, Sm, and Eu, and
Y, were studied by first-principles calculations based on the relativistic noncollinear local spin
density functional. Using the optimized crystal structure for each case, the dependence of the
antiferromagnetic ordered moment, the charge gap, and the presence or absence of Weyl points in
the Ir bands on the on-site Coulomb interaction U was examined in detail. It was found that with
increasing U, all the above materials showed successive transitions from paramagnetic semimetal
through all-in, all-out antiferromagnetic Weyl semimetal to all-in, all-out antiferromagnetic
insulator. With decrease in the ionic radius from Pr to Eu and to Y, the critical U values of the
antiferromagnetic transitions and the metal-to-insulator transitions decrease, in qualitative

agreement with the experimentally observed tendency.

13. First-principles calculations of spinel iridates (Onoda)

The epitaxial thin film material Ir204 was studied by first-principles calculations based on the
relativistic noncollinear local spin density functional. In particular, the stable crystal structures
and the dependence of the electronic structure on the on-site Coulomb repulsion U were
investigated in a hypothetical cubic bulk case and in the cases grown on the tetragonal and
rhombohedral substrates of MgO (001) and LiNbOs (0001), respectively. It was found that a
metal-to-insulator transition occurs at U~1.5 eV and the Ir moments interact with each other by an
interaction strength of a few to tens meV, depending on the value of U, so that they orient in a 2-in,

2-out like ordered structure.

14. Analysis of magnetic properties of Tb2Ti2O7 by Monte-Carlo calculations (Onoda)
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A generic nearest-neighbor pseudospin-1/2 model for non-Kramers magnetic doublets of Tb3* ions
on the pyrochlore lattice was analyzed by means of the quantum Monte-Carlo method. We obtained
exchange coupling parameters that explain the temperature dependence of the magnetic
susceptibility. Together with comparison between classical Monte-Carlo calculations and
experiments on the specific heat and the magnetization curve, a plausible set of exchange coupling

constants was identified.

15. First-principles study of hydrogen-bonded molecular conductors (Seo)

We have studied a newly synthesized system of molecular conductors which contain
hydrogen-bonding using first-principles calculations. In contrast with conventional molecular
conductors, they do not have insulating layers, which is reflected in their quasi-two-dimensional
electronic structure with relatively large interlayer dispersion. A tight-binding model is constructed
whose parameter values are evaluated; relations with the observed Mott insulating and spin liquid
behaviors are discussed. Moreover, we have pointed out a possible phase transition owing to the
hydrogen-bonding, where a hydrogen displacement and charge disproportionation occur in a

cooperative way.

16. Photo-induced phase transition due to charge frustration and coupling to lattice (Seo)

We have studied photo-induced dynamics of an interacting spinless fermion system on a
triangular lattice coupled with Holstein-type classical lattice degrees of freedom. Real-time
evolution of the system after irradiating a pump-photon pulse is analyzed by the exact
diagonalization method. We find that a stripe-type charge order is melted and converted to a 3-fold

charge ordered state, through a characteristic intermediate time domain.

17. Self-consistent soliton dynamics in unconventional superconductors and superfluids
(Takahashi)

The order parameters and quasiparticle excitations in superconductors or fermionic superfluids
are described by the Bogoliubov-de Gennes equation and the gap equation as a self-consistent
condition. While it is generally a difficult task to obtain an analytical solution satisfying the
self-consistency, in one-dimensional systems, we can construct a solution using the techniques of
classical integrable systems. In particular, the time-dependent multi-soliton dynamics is a recent
hot topic both in condensed-matter and high-energy physics. We generalized the theory to
multi-component systems, including triplet p-wave superfluids and SU(n)-symmetric fermions in
ultracold atoms, and revealed various kinds of spin dynamics and behaviors of Majorana fermions

localized around solitons.

18. Fluctuation effects in phase-frustrated multiband superconductors (Bojesen)
Superconductors with multiple superconducting components may experience inter-component
phase frustration, which can lead to novel topological excitations and phases not found in

conventional (single component) superconductors. In this work, we investigated the effect of

B FEAF



fluctuations in such superconductors by means of mean-field calculations, cluster mean field
calculations and large scale Monte Carlo simulations on a Ginzburg-Landau model. We found that
in 3 dimensions, where fluctuation effects are usually considered negligible, gauge field fluctuations
are crucial in bringing about a novel chiral metallic state. Hence a conventional mean field (BCS)

approach does not give the correct description of the physics in these systems.
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