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Abstract It was found that the relaxation time of the orientation fluctuation of the nematic director
changes depending on the distribution of the polymer chains in the nematic gel due to the dynamic
coupling of the motion of polymer chains and the orientation of nematic liquid crystals.

© 2021 Department of Physics, Kyoto University
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Abstract We investigated the high-field superconducting phase of FeSe, which is located in the
BCS-BEC crossover regime. Specific heat exhibits a distinct kink anomaly below H, parallel to c-axis,
providing a thermodynamic evidence for a phase transition inside the superconducting phase. This

high-field phase is discussed in terms of FFLO state.
© 2021 Department of Physics, Kyoto University
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Abstract Toward understanding the design principle of molecular motors, we study stochastic models
with kinetic asymmetry by focusing on the two efficiencies based on thermodynamic and kinetic
uncertainty relations. We find that the kinetic efficiency becomes optimal at a parameter value for a
model of kinesin-1.

© 2021 Department of Physics, Kyoto University
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Abstract YblrsSi; is a newly discovered Kondo
antiferromagnetic phases. Low-temperature thermal conductivity and specific heat measurements
revealed the presence of itinerant neutral fermions. Furthermore, we observed field-induced
thermal metal-insulator/semimetal transition driven by the magnetic transition. These results
suggest that spin degrees of freedom couple to the neutral fermions.

© 2021 Department of Physics, Kyoto University
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Abstract Motivated by recent fabrication of artificially engineered heavy fermion superlattices, we study
superconductivity in the Rashba-Hubbard model. We employ fluctuation-exchange approximation to
describe quantum critical magnetic fluctuations and resulting superconductivity. As a result, robust Fermi
surfaces against magnetic fluctuations, incommensurate spin fluctuations, and a strongly parity-mixed
superconducting phase are demonstrated.

© 2021 Department of Physics, Kyoto University
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Abstract

The Anderson's theorem is shown to be satisfied in the polar phase of superfluid Helium-3 in strongly
anisotropic aerogels. We examine the phase diagram and the energy gap by constructing more refined
model. Also we investigate the stability of half-quantum vortex pairs, which appear as quantum vortices,
against magnetic fields. © 2021 Department of Physics, Kyoto University

R E) 3He DFETAHTIH 5 Polar FHIZES T2 2 DDOWIFE AT 7=,

1. HWiFERWiATH D P IEEBIRE 3He 1%, 7 = /L I WAL GFHTHREENIZIEMHBEL TWA Z 2 &KX
Me U TRk % 72 2 A 7" O XIFRE DR AL % SEBLC & 2 BULBRTR Y BT EEi IR A T%é IR, —HhEGMEE A
THZT YLl )EE RO 3He T Polar PRIENHELT 2 Z EHL MR -72[1], EHIZ
BUELIR T & 2 BRR D FF IS FERITH - 7o (G PED TR MBRIR ) ##%1E Tl Polar xHIRIEDE 1785 (FE
hE) AR BEELN R 2 2 T e 2 e 3o Tz (2], ZHud S (R EIZI1T 5 Anderson DEBD T
Jry—E LTCEEIND, FlZIX, SRR EELN TRV R TH Polar fHORBIRE N HE D T
DARVERFER[1]Z2 X<HAT S, AT, =7 8 Y o VOO EGFHEICHET HET L2 EA
LT, fH » =R F—F v v 7ORIRIZE T IR D FNIZON T TN EROBREEZ T > 72 [2],
F72. FH EOREE A EFD Planar =7 22 = /L [3]13 Anderson D EFDO T F 1 2— T ABM xPIRFEA Y-
R—hrT2, 2HbOLLETNAEHANTHL X I ITRIEEZIT- 72,

2.7 1Y = LHEHRE) 3He @ Polar FATIT hAR 2 P H LEGEE & L T30 (HQV) i 23 HEL9 5 (4],
HQV 13— JEIZ 2 & d X7 v - (AR elmlds U C itk 2 R oiiiiiE 72, HQV xf O #lE Polar
BT 6 T E 7oy (LR« BiRGE) ZHIIN L T NMR TYfThbhiz, & 2 AN, Ml % & 0iRE RN
L CTEIN SN D IMOREN 72 5 & ) EBREER WS S [6]. Bl 2 BikEhiss Th1 206
FIAn Uit 572>, 8588 T4 (CEIINT 2 5> CREEGR (SQV) /HQV it D —FEFHO MR 3B ST D, NMR
THWLRRE DK E S ORS TiltEENE D D L) OIFIEFICBBRE D, ARBFFETIL, i « A1
FIAEAEA % 2 & Te Ginzburg-Landau H = R /LF—Z AW B RO 2, S X 5iR e
VLD FEO B 72 FAMIZE SV THE L L, HQV NI T DB OB L Z ORI Z 5 HQV 3 A%
FEADA = A LEH BN Le, £z, RIEFEBLL TV 720 chiral A #H HQV %HZBI L C Planar =7
0V VR BHIBITAIA T VT 4 EREOHBIZ OV T HIERT %,
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Abstract: In this work, we have investigated generation and detection scheme of infrared entangled
photons for quantum sensing. Simultaneous parametric down-conversion process was
demonstrated a broadband generation scheme of infrared entangled-photon pairs. We also
constructed the up-conversion detecting system with the quantum efficiency 1% for counting the
infrared photon number.

© 2021 Department of Physics, Kyoto University

WL EHA RO MBESCR A A2 TR T 2 e i & LT, &b one Tt & V=& FaHlps e
HINTW5D, FrZ, RO EER L2 LSRN E 21T 9 BT 7R3t (Quantum infrared
spectroscopy; QIS) %, JRIMKIZI 1T D HANIH 2 g3 5 HikE LTERB SN TS, LivL, %
FEICHWDONDERENT A N v 78 (SPDC) (3R AFHROMR SO BB MEDZ LR, 34
Gt (NAREEA M) 1T LIRS N-MEE 2 5, £7o. ML Ot o BT HERFIH S
TWAIZHLELLT, AL ONK T B RO E T HEEZEEOICBII L= W RE LRV, 208 HR
2%, BHEE 70 E O SN X0 RO FBGEHAI AT RE 72 Y8R R AR 3 2 VW 2 E R ET b D,

AWFFED HIIE, FRAMRICBIT D b o OB HEOFMEEZITH Z & THDH, £ 2T, B T
FroMBERZ RS 5720, O SPDC OJRHHEAL - W R AT ZE(k, @ HEURERFISRIEZROME, %
HigL7-, OB\ T, SPDC % fiffICLHikib 372 FHEZ B s R, K 1ICRT L9 ICREDS
T2 DK AR AET D LD REPFET D22 AW OENI L, ZHUT kY| fifERER
KT 2~5 um DJEWIRIMRIRIZE 1T 5 SPDC D7 A R T —HFAEO AR Lic, & 512, EBRMHR
AEE LT, SPDC AR 7t e L TR 0.638 pm OYRZ AW BEDNFRID I b, FIATA RT7—
&I D AR AE L2 7o 0.72-0.78 ym B A AN—FH AT MLEBRILTZ, Zh
WZED ., AT A KT =& LT 38.5-5.6 um D JLARIE 7R IRINE DA AT REM: 2 SEBRNIC R LT, QI
LT, EERL—F—RE2HW=T v 7Far "= g VIBRRIC LY . RO SRR TR
WATEHT 2 Z & T, AIURICR T 2 FEGHUER SRR lRE7e 2 LICyEH Lz, BfmatEIc L v, BE
FO L —P—=HIRIIZ R VEREER BT 5 R Z NS Z 22X 0, B2 1 0% %22 5N 6
ThdIembrol, 22T, 77 ANRN—_R—2ADOFEWRENNVAL—F—ZHEL, Ty Far/\—
Va CRICHAIAT Z LT EmEBRIERIE R ARG LTz, FEBRAUMEEE LT, #EREE T X —
N —H#— (QCL) &R W TEWRS R ZFHI L, ZBHHENR 1% THDH Z L 2R LT,

ZOMMARE S HIZHETDHIETETIHEL %L EZBEEL, OIZBWTH L NIT Uiz AR
ST A KT —REBRT D, SHITITNETEEHNZITH 2 L TR TRMEEOFEBRRGEEZIT O 2 &85

HBOMETH 5,
toffler

0,

92  Visible region

lnfrayed reéion

Fig.1 Conceptual diagram of two simultaneous SPDC processes. From the incident pump light, two SPDC
photons simultaneously produced in the same QPM condition, in which signals are generated in the visible
region and idlers in the IR region.
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Abstract We investigated the dynamic coupling between undulation fluctuation of lamellar and Brownian
motion of colloidal particles in the water solution by DLS. The relaxation frequency of the undulation
fluctuation become small by mixing of colloidal particles. It means that colloidal particles inhibit the
direct collisions of adjacent lamellar, then the layer compression modulus was reduced.

© 2021 Department of Physics, Kyoto University

C12E5 /KIFIRITIEISVREIR T T X AR L, BED
RFE & bITERIT RO Bk E CRAET 2 2 L 3H 5
nNTns, I, BEEEBEHEL YV NSVWEROMEa A R
BT EIMZ, BHEAZEHINL TCan A N2 REnES ST 5
&L auA MRFOREHRER & EEBIEFE LTI A TR
REENZAT D Z Lo TW5D [1], AWFZE TIREIRE
HELEEHWT I AT L aa A RRIFIREROFAFTI T A
ZRUEL, ZAT7OWEHI>BELELan A FhTOT T
EB)OBENIRE S OB 21T 5 17,

C12E5 /KIEHRO=6Wt%2MED 7 A ZHIZfidE = 1 A R
(A& R=20nm) /KIA ®=0.15Wt% % Il 2 7= IR-A 1Ak % . SRt
BELEDOLS) 2 W TE O BERZHIE LTz, ¢=6wt% Tl,
Z A FFOEBIEEE X 62.5nm & RiED Hbiv., aa A N+
ERD IFRETH D, PERRIL, 0=0.15Wt%DHiFL7e 2 1
A FRiF@mE el asns an A NRi+07 7 v U iEH), B
J Do=6wt% D CI12E5 KIRIFIZH T DT A FHOW 5 bIEH &
DIYEBIR & el U, a4 FRFRE o KIEMEIC W T bk
WL,

IRARO A BRI, ZFEEOKEME— FABHI S
2o IbiTENEN, 2aA RRITOT T 0 g E T AT
FHOW O BRELE LB BND, IBRERD 2 O0F— RO
gz Tz, #ikean A RRIT-0O7 7 7 L EB) 05
o, MiFE2 T XA ZHOW 5 HIED T OBEIR & kT 5 &
anA NRFOT7 70 EBENE, IRESRICEBWTHIZIFEEN
RIPoSTZbDD, TATHOW S biEbEiE, auA NOES
WCEVBET A Z ERbroTz, 61T, aaA NRFRE O
IREMEDBIED S, @ BREWVIEIE T A THOWE H BIEDL XX
KRELBHLTWD Z LR LHERENT,

auA FEERIZBITAZT AT O I HHES EOEEIL,
anvA FRIFDEICHEET D Z &2k v, BT 5 EFE+
D EFEEZENE S, BRI OSLRREE /13850 b TEIE
FEHMERIME T L7 D L BfiECTX 5,
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Fig. 1 Autocorrelation function of mixture.
There are two relaxation mode. Fast mode is
Brownian motion of colloidal particles, and
slow mode is undulation of lamella phase.
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Fig. 2. Dispersion relation of water

solution of pure colloid particles, pure
lamella phase, and the mixture.
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Abstract Both the robustness of string order of S=1 Heisenberg model against the Kondo interaction
between spin chain and electron system and the generalization of ordinary S=1/2 Kondo lattice model can
be studied through S=1 Kondo-Heisenberg chain. We studied this model by the perturbation theory under
the condition where Kondo coupling is strong and by the numerical method of Density Matrix
Renormalization Group (DMRG).

© 2021 Department of Physics, Kyoto University

{REE T & RARNCIE A ERAEA 2 & OB Ji &% 2 5 S B [TV EF R O
ZHFET L ODERNRET VL TH D, TR RIS WTREA Y &2 S=1 L L, SHIZREA
v N IEEER R BAEH] Jy e AVTERIS A8 LA B~V 7 8{TH D, (Fig. 1.)

Hin =t 3 3 (clseivro + HC) + Ik D i Sit Juy_ Si+ Sisa
i ocT,l i i
B2 AW Tk L BEITHI ) ZHRERIIC X A B FIETZ OTT VO RKERREEDMEE
Ze T,

Jk 2 DWEIR TIIMREE T & S=I DRIEAE U PR THX 7 Ly IR AECHHRELZ LS9
L V7 Ly NETEET 8 O VTR AR & 1T 7 B RRREE N BT 5, m%ﬁ%@ﬁ#+@%
A MILERICYA. Jr 2o ORRIED S OBEGHIZL U . BRIV F=T IR 1/2 O RBENE
AP~ T I D, — RO EERTIZ, F7 Ly FOESAE U HBEICLY Jov/t BREWVERES
TOLEE T OEE)OBNE~D TG OB E O T & B D500 Jy/t=0 OEGEITITE
W OWTFRIE TR OYA LR U SBEREEDNREIETH D Z LN oo Tz, S OIBEETOHNRRD
YA NEDK DA Ik /=0 B REL LTV o7z & & Jy/t=0 TOMBEMRRFEN i X 5k
e 72 A B AR E OB OFE R KDV, 7 = VR, KKEBE~E 2L T 25 2 ENFEEITHIK D Z
HEZ L DEHE T o Tz,

fth i T, A 1A B~V TR EEZ D LAY Y | BN NA B o~ 7 ST mE
EFREMESELLDOLARED, T TAY Y 1 EHMENA B~ L 78R B DA N U TR
DIGETE TR L OMBEERO FTOMMEZHRD7201, SEIX ik 2 J/t=0 PHHR2ICKEL LT
Sl x| BETH Y ZHBETHEA LERREICB T 2 REAE VO A N v TR EASE A
L7z & ZARBRBME J¢ 2o TRET D5 Z g7z, (Fig. 2.)
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Fig. 1. Kondo-Heisenberg model. Green rounds describe
local spins, and red ones conduction electrons. Fig. 2. Decrease of hidden string order in localized S=1 spin.
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Abstract It has been suggested that atomically thin films of the Kitaev magnet are important to detect
non-Abelian anyons, but thin film growth of a-RuCl; has never been reported. Here, we report the
fabrication of a-RuCl; and CrClj; thin films by pulsed laser deposition.

© 2021 Department of Physics, Kyoto University

AEVRIZEBWT, BOEFRED &1 XK 0l FE £ TR BEERR-OFRE OB & 2R S 220 R 7R
REEIZE A A UIRIK EFEIEL D, 2006 4EIZ A. Kitaev (28D ZIRITeN= 0 D+ CTEA A B U iRIK%E
LR AN RRE SN [1], ZOBBIIEFZEAY R THLHIZHED LT, EERENEEIC
REDEFAL KL 2D Z ENFMBN TS, Kitaev A B U EAIRRED FHEIRRE TlX, B ALV

MRHUIE~ I 7 TR L > TR SN D Zy il LB~ 3 7 TR B3B8l 5, 2D O AR 11X
Kk 7o idtE 2 FFodE A =4 TH Y . PR U NVEFFEICBW TR R EE 25 Z &
bRERELEEDTND

mext/&mwﬁﬁ% E LT WA Y AR EER 22T v MR o-RuCls 237ER %
HEH T 5, a-RuCly | ?H&JW kwv(TN_7K7:/7%7ﬁwniﬁ&mﬁ%*%ﬁﬁwxEﬁW@ﬁ
XV Z OFGRBEMERRFIZZERITINH S A B RMIREDNEBR T 5, 2 O A © R IRTEIIC
DB — VRREN D, BR— RGN T T h— %TL\%@ﬁﬁﬁﬁg%f~w¢%f%ﬁé
WDMED N3 70 D R AR — 5 el [2], Zhid, BE~ 3 7 TR+ h A
TNy Ve B NIRRT =4 OfFEE /R THRD 25EH L CTh 5, BB TOERR b > VK
85 (STM) SCEET b o R HIE (STS)IZ L » T, ZOFEa#ar =4 o Z B CT& % alREME 2 Fe 1
EINTNDHOD[3-5], HBEROEMEN ML L TE 57, RHEROBE L0,

%:f%@ﬁﬁ 1%, 2V A LY —HEREIEIC L D a-RuCl E/ERL 23772, ZOFiEZAND Z &
T, STMBIEIZHWD Z R TE, 2OF X VT R—E 7D DBBRNET NA R 72 LI TE
HREFEDOHEREDOIERZ B Lz, 7 7 A 7R E~DZEFITB W TIL, Ru & Cl OB LIRS
LI FEHIIIHKRES LEbONRALNTZHOD, T X v /LA EIZR N7,
—7J7C a-RUCl; Bififl E~DREE X X U v VK EILARETH -7, &2 THLEULEW TH D CrCly
WZHEH LA EIT>T2, ZOWEIL, a-RuCly & [A UAEEE 2 B0 B EH bW D, Ny 7 78
ELTHIT 22 L CHRERTFERD~ v F o 7 om R cx 5, £-MEEKRE LTHIHT S
Z & T, BRI X D R OMIE NS FRE TH D, AROFERY T 7 A T HER IS5 O HfE
R E DAL, O ORERNEZMRT D ENTE T,
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Abstract Tolman length represents the curvature dependence of interface tension. In computing it by
simulation, it is crucial to estimate finite-size effects. We derive the size and curvature dependence of the
interface tension by extending the flat interface argument to the spherical case and compare the results
with previous research.

© 2021 Department of Physics, Kyoto University

i Ot BATREICBT 2EMMEEYS 720 OB R LF—Th 03, RENEREmOLA, K
DYRRIEAFT D, FRROLEEORERNZY(R)ETDHLEE, 777 ADHERA
AP:ﬁgQ(Am1zo@m®Eﬁ%)
DO NSE Y ITHEImE LD E, RBFOREVE X

y =2 (L ERESTEOSE OREEN)

1+?

DX BT D, 51 Tolman £ [1] & FRFIL, BERT A T 7 AR OICEEE KFTHR, =
NEFEBEICHET 2 Z LIxR#ETH 5,

Troster HIFA P TETAERANEZY I 21— 30T, RERARY A B E2 R LZ[2], K
TELDOd RITOFDOHTITH L HEE R OEKEIIXT 2K MEmE Iy, (R) 1. BEpIIkT2HHATRLE
—EEzf(p) LT DL,

ByL(R)A = Lde(P) = Vafi(pa) — VﬁfL(Pﬁ)

MBFREIND, T2 TpldREERDEEL, po, pplTBFADEEE. V,, VaITFMHOKEE AL L, AT ED
[ CTdH D, Troster 1% y,(R) DL - co®D & & DR DTN,

BYu(B) = BY"(R) — "l + 5 (L R 2 R W
ThoDEWREL THITEZITo 7o, FH2HFREOMEOHHEICL S hr v —2{bEaERT, EKE(E
DB OGS L KDY E & T, Tolman £ DHMERMEIL—E T~ & 7203, (D IZEKSL Troster &
DOFETIERI > TN D,

Hx 132 DR RITRmE O P 5 ERFEUNCE D ANDILTWRNZDTEEZE 2 7=, FHEA S DGEIC
IERAEIRESIE ORI E 2T ANTEHAEDFELRB], Ya2b—rarto—HbERINTND
[4], WU &5 7 RaEBRE LI%a. v (RIS TRE 2 EEC, Cr & VT

ByL(R) = py(R) + C, lnTL + Cg lnTR + % (CIEL, RITIE B 72V ER)
DIEDARY A ZWRBEFEN D, EEFA OFIRTIX, €, = —d,Cg < 0THILIE, Troster HDED
ROFNZOWTIHAT 5 Z LR ATREL 2 D,

AW TIL, R EEO5E D b & Offam & Bl D& ICIRiE LT, ERimOREEINZBITHH
PR A ZAZNR & Wik 28T 5, £/2, ENZHATIE L BT 2 2 L1280 2 D2 S MO0
Tiam 9~ 2o
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Abstract We performed magneto-spectroscopy of monolayer graphene electric field effect transistor.
using continuous terahertz wave. Quantum oscillations of magnetoresistance was confirmed at 4.2K.
No Kerr rotation was observed below 1 THz, whereas the reduction of the magnetoresistance at charge
neutral point was observed under terahertz irradiation presumably due to carrier excitation.

© 2021 Department of Physics, Kyoto University

R FB AN D BUAK A IRICESN T D IR E CTH D 7T 7 = VICHBEICHS ZHNT 5 &, A7
o huEERNE LS, BER e X (T X T HEND) IR BT D, N R 2 REFR T
WL SN2 8 O 8K 2 RILFE R Tl R X — M BN ERIRICES T 2 01Cx L, 777 =0%
REH LB ET DT 4 T v 7 B ETIEAY RRBE TR END Z &AM LT, %M
FEICEAT 5[], T F OB LTS T 7 2 BN TR I E CEMEBRIC R T 2 L E 7R
— VNSRBI S TN DS, S O JER R (77 7~ fEHIB) IS 380 T h P AR — AR FE
7T h—iEEE LD ENFHREICE Y THER2], T T RERREE G A B T2 SRR Tl
B72 RL—T 7 VI LRIEMENRTND Z Enh, 77 h—iEaE L5 Z s niz[3].

Fxlx, 7772028 D T X UEENER Z FERICTR D 72002, RIS HEREE G 7 7
IV SR W ST F A~V R D TR AT DL LT, BEUESUEL DPPH & 7z
HFROFMZ LY, B ATREZ R /N A & BT Nimin~3x10Y,  FRHEEE 13 2310 spins/mT, £ £ /3 fi#hE
IX10mrad & BAE D Sz, X LIRS FRIE OBEER X 2R~ BAMRE LT T~V e T 20
BLTEZ 77 2 BT D &, T X VYRR N FERIZ K0 A A PR EIS R 2 RIS E
WA UC, KEHEDOREmEIXEEET 5. WLEHERA O 3R — BB Z KB L TV D72 2 aflE
THZ LK EFAR—REBZCOERE CHNTE 5. EHCIFHE /7 7 = v ERIRE N T Y
ABEMMHL, 7F— FMEEICED 72 b I LUV EEREEIC L7z, [X2124.2 K, B=5 T2\ T=E
BN & 0BG LB OBRIEHTO 7 — RS, 7 2K F M2 w3, BT MR (Vg=2 V) Z A TIEXIFR
PR FRA T ARLEME B Stz BT R K 0 ARV EEEER (R — V% v U 7 ER) TR R
B ST, T T~ RAHAEIZ B TR G O BRI IBLA T & 2o 72, ZHUTRGE OfE]
AN AEGIEREZ THl> TWA DI TERhoTe B2 oND. £z, 7T~V RS T T
DOEEREIC LY, B PR CHEKIETIAED T2 50 VR E LN, 2T 7~ I
KA HENEE TNWDHTDTHLEELZLND.
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Fig 1. Terahertz polarization -20 -10 0 10 20
resolved magneto-spectroscopy. Vg [V]
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Estimating a self-excitation kernel from a series of events

Non-linear dynamics group Luis Ivan Hernandez Ruiz

Abstract In self-exciting processes, past events facilitate the occurrence of future events. We developed
a method for estimating the future influence that one event has exerted and the reproduction number of

the process from the autocorrelation function and the Fano factor of a given series of events.
© 2021 Department of Physics, Kyoto University

Self-exciting processes describe phenomena in which past event-occurrences facilitate the occurrence of future
events, as seen in the spread of the Covid-19 disease. In 1971, Alan Hawkes proposed a mathematical model that
represents the manner in which the rate of event-occurrence A(t) is increased due to the occurrences of past events:

Aty =p+ R> bt —t,)
tt;
where p is a baseline rate of spontaneous occurrence, R is the reproduction number, representing the average
fraction of additional events generated by one event, and h(t) is a normalized kernel function representing the
temporal influence of one event, which has occurred at the time t;, is transmitted to future times. The above
expression can be utilized for simulating an event series; however, it has been shown that the kernel function can
be estimated from the data of a given spike train by solving an integral equation that involves the autocorrelation
function of the spike train [2, 3].

In the present study, we have improved existing methods in two ways. Firstly, we improved on estimating the
autocorrelation from a given event series. This was done by selecting an optimal bin size when constructing spline
polynomials to connect the mid-points of bar histograms. Secondly, we improved on estimating the kernel from the
autocorrelation. This was done by solving the integral equation using a Reproducing Kernel Hilbert Space method
[4]. Furthermore, we discovered that the reproduction number R can be estimated independently from the Fano
factor of the spike train. The independent estimation of the reproduction number was used to validate the estimation
of R performed by integrating RA(t).

Our method was superior in performance to existing methods [2]. Finally, we applied our method to spike trains
obtained from biological neuron data.

O (0 ...

\f,% Original 0.04 ‘\ Original

Fig 1. Estimation performed on an exponential kernel. (a) Existing method. (b) Our method.
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Abstract We numerically investigate behavior of the quantum vortices with the two-component two-
dimensional Gross-Pitaevskii equation. We find that clusters do not appear when the intercomponent
interaction is strong. We also associate the number of vortices with the intercomponent interaction
coefficient.

© 2021 Department of Physics, Kyoto University

MR BT 2 T R H R F XA O BRI EI B EIE Gross-Pitaevskii ARERIC X DEdkand Z e
MonTwa, EFE. BTHEICE VT Kolmogorov @ —5/3 RIZERI X TR, BTELIR & dHEELTRD
FELEICE B LRICBI LD EE 5o TWwb, Onsager IZX % L MAET VBV TIZARENEHL, 0
CEMRN T T AT B 0D ZEBRIBEINTVS (1], F2FEEIC 1 DR TRICB W THIEFE S HER
TINEHEPD STV 2 BETFRTDID XD BRERIF 2 KOTHMELTIC B W TAHIBEHEI KBS 2 2
LM oNTNWS, —J5T 2 MmRIZBWT Gross-Pitaevskii FEEFIE,

) R
ih@%(’"i) = (—QmVQ +V(r) + glpi(r, 1) + 912|¢3i(7“,t)|2) pi(r,t)
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Fig.1 (a) A classification of detected vortices. The background is the density distribution. White
dots are vortex pairs, red dots are positive vortices, and blue dots are negative vortices. Identified
clusters are drown with red and blue lines. (b) The inter-component interaction(gi2) dependence
of the number of vortices(Ngg) in statistical quasi-equilibrium and its theoretical value.
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Abstract. We study the space of short-range entangled states and the ground state line bundles over them.
To determine the topology of the space and the holonomy of the line bundle over it, we study the matrix
product state and its algebraic structure. We obtain a non-trivial fermion parity pump and holonomy
associated to the line bundle.

© 2021 Department of Physics, Kyoto University

22 d + 1 YR7G Short Range Entangled(SRE) A58 & 1% £ D%/ d IRt % k4K | T gapped 7> unique
BEBREBZFHONIN =T VOEBEREE UTEBINLRE] OZETHB. K2 d+1IRIED SRE
RELEOREE A LB 2IZT 5. ZI°T|0) 13 SREREBOZEMOME Y BRI THY, EHITH
A PVERED. EEO NRASANERT /T — ORI &> TUFD &5 7% 4,0 DRAFEBINE
BEHFANRD Z L OYPEEEMNIIHS MR- TE:

(DSRE REDOFFDHEELMEH X, SREREZEGREFL CR—FHLEGE, REDOTVVIVRICEAL TH¥T
BEETZILTHS (e [1)@[X) ~[0)®[0). #>T .45 DERERD mo(AG) ITiET > Y ABUC
BT 2HEENAD, ZOBIZE > TREd+ 1RGO SRERBEZ ST HZ LA TES. SRE RE%H
A TH—# U 72 H Dl Symmetry Protected Topological(SPT) # L XN TE D no(‘//qg;’l ) CHEEINS.

(2)Kitaev I% SRE IREED 22 AS Q//qg)“ ~ //43) PARTY: " p _

REWETZLEFALE. SITQRW={r: g IXxModoMo) -+ lodoNadx>

[0,1] = X.|y(0) =y(1) =} TEHEL, ~ & homotopy 3 1 1 1 _ "
AR RT. CRIERIC LS BUENERIIESS. 6 ‘TN’O"O"Q + - DOROROIXY € s
#22 d IR D E W7 SRE RIE |0), € 45 & —R7TH

Tl R 7RI, B 41 IRIED EBA% SRE IR loXodoNo) --- |°>‘°>|°>‘°>>

00,1 € AL DB, WICEREORE d 7T SRE d¢ (:RRA®

IREE | x) € '//llc(i» 3. ZIZHLTIRO LS4 //{lg>+1 Figure 1: A construction of a generalized Thouless pump.
HWDN— T2 KT 5 Z LM TES (Fig.l). Q//qg;l DICIXFZE d+1 IRTTDO—MR{E S 17z Thouless R 7%
5Z2%. > T—MftE 17z Thouless K > 7 nO(Q//ll‘(i);Ll) ~ M (//4‘5;’1) THEINS. £ nl(‘//lﬁ)“) ~
no(.//llg>) X DB d+1 RTD—{E S 17z Thouless K> 7ld d R7t®D SPTHEICE > THEINBZ & A
HfFEh3d. LA LADS Kitaey DFRBIEKRALFAASNTE ST, HICHEFEROHZRICH L TIdER
BRREED R ST ULV L,
B) &R |x) € //1';’);1 2B B fiber 1° Ly, = {C|x)} TEHEINDEHREMK 2 — //z'gjl 2EZD. LT
TERLZER o PABZLPHONTED, (£,) DR (L, o) BRI RTDT /) —%58T
2SN TWS 2.
MEHMEFHD® % SREREE TS OIE—RICHHETH 225, K22 1+ 1 K824 Matrix Product State(MPS)
EIFIEN DRI R FIEDBEEL, ROFFOME 2 REMICHBGII 2 &b TES (3]
ARRFETIE7 £V T4 V1239 % MPS & T2 1+ 1 0T SRERIEDEM 25 OFFHEES
BEMICEBT L. 2K > THEER®D®H % SRE RAEICK L TIEBBFIEIC $ 17 % fermion parity 7R >/
TOEHEEEIO. I Kitaev SHOIEEHBFIZ BT 5 fermion parity N> 7O — b2 Ex 5. 7=
L — //4});'1 % BARIZHER L, holonomy DETR%1T-> T (£, o DEEZEREL L.

References
[1]Kitaev, ” On the classification of short-range entangled states. ” Talk at Simons Center (2013).
[2]X.-z. Dai and D. S. Freed, J.Math Phys. 35 (1994) 5155-5194.
[3]Bultinck, et.al., Phys. Rev. B 95, 075108 (2017).



HERILYT RO E I RTEFHEBOWE
Wb R R B RIEA

Abstract The Cluster-1sing model is an exact solvable model of spin-1/2. For this model, we solve the
ground state assuming quantum states can be expressed by artificial neural network quantum state and see
if we could detect a quantum phase transition.
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Fig.1. RBM ground-state energy at each step of
the optimization. Alpha is the ratio of the number
of sites in hidden layer to that in visible layer.
References
[1] G. Carleo and M. Troyer, Science 335, 602 (2017).
[2] P. Smacchia, L. Amico, P. Facchi, R. Fazio, G. Florio, S. Pascazio, and V. Vedral, Phys. Rev. A 84, 022304
(2011).
[3] W. Son, L. Amico, R. Faizo, A. Hamma, S. Pascazio and V. Vedral, Europhy. Lett. 95, 50001 (2011).



Cw0 IZ8 11 D e F DFFE K7 5t
SRR TRk

Abstract We have observed blue and violet excitons in Cu,O by the sum-frequency-generation (SFQG)
spectroscopy using a broadband light source. It was revealed that resonant energies of 2 photon-SFG
and 3 photon-SFG are different. The energy difference was explained by the exciton polariton
dispersions calculated including a large damping term.
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Fig. 1. (a) Concept of sum-frequency-generation (SFG) spectroscopy using a broadband light source.
(b) 3-SFG and 2-SFG spectra of blue and violet excitons in CuyO at 6 K. Red and blue dashed lines
show resonance energies calculated with and without considering the damping term.
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Abstract We discovered that CaSh; exhibits superconductivity with the transition temperature of about
1.7 K. CaSh; is a candidate of the line-nodal material and possibility of topological superconductivity is
theoretically proposed. We also succeeded in synthesizing single crystals of CaShy, crucially important

for further investigation of its physical properties.
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Fig. 1. Unit cell of CaSh,. The blue spheres
represent Ca and the brown ones represent Sh.
CaSh; belongs to the space group P2:/m with the
screw axis along b. This figure is produced using

the program VESTA [3].
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Abstract We performed nuclear quadrupole resonance (NQR) and ac susceptibility measurements to
investigate the superconducting properties of recently discovered CeRh,As, which has a lack of inversion
symmetry at the Ce site. The linewidth of the NQR spectrum is broadened below superconducting
transition temperature T, suggesting antiferromagnetic order inside the superconducting phase.
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Abstract We investigated hot exciton dynamics in lead halide perovskite nanocrystals. Effects of hot
excitons on optical gain were clarified by single-pump and double-pump transient absorption
spectroscopies. Exciton generation processes were controlled by the double-pump method, and we
succeeded in suppressing hot-exciton-induced reabsorption. We also demonstrated improvement of optical
gain properties.
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Fig. 1. Pump interval time (At) dependence
of optical gain thresholds ({Ng)) under the
double-pump method. Threshold values at
At =10~30 ps are
threshold under the single-pump method (the
line: (Ng) =7.3 ). This
corresponds to the reduction in the optical

smaller than the
broken result

gain threshold by the double-pump method.
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Abstract Motivated by the recent observation of a giant spontaneous Hall effect in a Weyl-Kondo
semimetal( WKSM) candidate, we numerically study the relation between strong correlation and
nonlinear responses. We clarify the temperature dependence of nonlinear conductivities of WKSM, and
find that strong correlation can enhance nonlinear responses.

© 2021 Department of Physics, Kyoto University

ZE [ SRR PR OV 7 R COIERIEIEE TIE, 7 b Ly RREIER— AR &L noiz,
BIISE TIEBNE R WEE 2 ZSERNEND Z ENMBN TS (1], KR, FERIE R — LB Rizo0n
TiX, RO 2 SO EREBRE, F9°, BIEIGE TIERERM R FED T COR— L RITFF S e
2. FERIEIGE CIERFRI R RFRED T CTHAHRICR VG R, £ LT, TOR—IREER, RV —
M= &9 . RO MR T DALl Ny g % KB U T2 & L B ICRE OONCn D 1 Th B (2],
%BFHE O MAERIATIUT, DREDORIET AR PNy RS 2 EHICBLIHITE TV Ry, R
Bl hRa U gn Ea, MBSO MNORILND &) BT R R — AR H 7 7 FE R
FREELTOLHIFF SN,

ZOEO MG LHY, MHEBE MR Y IAMEO—DTH D, VA INVEHEY-EROFEMYE
Ce3Bi Pz 12BN T, FERIER— VIR ORE T3], £ LT, B R&EZ L2, BFOTIA L
PRI AN THR—AANR1031E ERE W, BERARIFRIE R — VRSB Sz, 2 OFERIL, IERIE
R VRN RN RIS L > THIE SN TWA Z L AR L TWAR, — 5T, BRI, JEE
JSEIZBET HH7E D% 137 V) — 72252 TORHTIC SN T & 7272910, 3RFHEIRN IR & IERIZIS A D Bf%
VI 5272 5 TR0,

Z T, Fexld, VA NVERRESRICER L, BB & IR ORISR & T2, BRRIC
1%, Ce3BiyPdy DRI FRIEIZ IS W 7 o & — v R A B8 B R (DMFT) & %5l < 0 3A Z it
(NRG) & T, SRAHBEZN R 2 B AN TR L. Z OIERIE R — V=B L IR S 2 35 L
Too TORER, FEMBINRIIIIMAERE 2R LS5 2 L. £ LT, EBRTOERRIERIER—1%)
B, BRI AbDLE LTHEMTEX S 2R LT,

5

-
354%™ Renomalization —e— |
Free ‘

-40 :
0.0001 0.001 0.01
Titc
Fig. 1. Temperature dependence of nonlinear Hall conductivity calculated for three cases. DMFT: The self-

energy calculated with DMFT is used. Renormalization: The renormalization effect and the chemical

potential shift by the self-energy are considered. Free: Only the chemical potential shift is considered.
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Abstract We investigated the birefringence induced by periodically modulated flow in the isotropic phase
near I-N phase transition of lyotropic liquid crystal. It is obvious a large critical phenomenon resulting
from a near second-order I-N phase transition. Slow relaxation time (~10s) suggest us the phenomenon
should be related the sphere to rod shape transformation. © 2021 Department of Physics, Kyoto University
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Abstract The coupling between the nematic superconductivity and the strain is an interesting
issue. We developed an apparatus for dilatometry at low temperatures using fiber Bragg grating,
and measured multi-axis thermal expansion of SrxBi.Ses. Lattice deformation associated with the
nematic superconductivity was not observed within our experimental resolution of 107 strain.
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Abstract We studied low-temperature photoluminescence (PL) spectra of single perovskite. PL
spectra were measured as a function of nanocrystal size and excitation laser fluence. The size
dependence of trion and biexciton binding energies was clarified, and the LO photon energies of
perovskite nanocrystals were determined from the LO-sideband PL spectra.
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Abstract In order to measure spatial distribution of flow in liquid *He, we used DANTE pulse
to draw lines in real space. Successive MRI measurement with different waiting time provided
flow due to spin diffusion.
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Abstract We studied the mechanism of higher harmonics generation from semiconductor perovskite
nanocrystal (NC) films under strong mid-infrared laser illumination. The polarization dependence of
harmonic intensity could be explained by the selection rules arising from the rotational symmetry of the
NC crystal structure.
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Abstract We numerically investigate the propulsion efficiency in multiple swimming methods and
shapes in two dimensions. We find that changing the angle of attack appropriately is more efficient
than keeping constant. Regarding the shape, an elliptical shape is more efficient than an airfoil in the
Reynolds number of this study. () 2021 Department of Physics, Kyoto University
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Abstract In non-Hermitian physics, almost all energy eigenstates sometimes are localized at edges
under the open boundary condition. Previous research in [2] has predicted that this phenomenon can
occur by applying a magnetic field to a non-Hermitian Weyl semimetal. We numerically confirm the
prediction and establish this new non-Hermitian effect - the chiral magnetic skin effect.
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Abstract We numerically study ferroelectric nematic liquid crystal phase by considering rod-like
molecules with a bulky central part. This bulky central part is likely to weaken the side-by-side
attractive interaction among the molecules. Although spontaneous orderings have not been
observed, our molecular systems possibly show ferroelectric nematic order.
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Fig.1 The conventional model of liquid crystal molecules Fig.2 Plots of the nematic order (red points) and polar
with 7=1 (top) and our model with a bulky central part order in the system with » = 1.5 after removing the

r=1.5 (bottom). r is the ratio of the radii of the central bulky  applied external field against the volume fraction.
particles and radii of the other particles.
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Abstract In order to show the advantage of quantum computing over classical computing, the sampling
problem has been gathering much attention recently. We show that there exist quantum algorithms which
cannot be classically sampled even in exponential times based on some conjectures on problems of
graphs and geometry.)

© 2021 Department of Physics, Kyoto University

HIEMBEOER T, =1 3E COHRMICHET 2RO 7 Z A (BQP) 23 i iR TR ARIT 5 R
DY T A(BPP) & EAZ R/ B 0IRMIECH D0, BEFFENATHFAE LY b EETHDL Z a2
T2 DICH « EBROMFIZEBNTHEA e RN s ST\ b, JE, o7 ) 7S W ) BEIC
BOWTETFHEOEBMNMEZ RTHEREANRENTWD, Vo7 o IMEE X, BFitEoH o
RN SNDEEDOFHPNTY T 7l ETH S, Vo7 v REICET 5 &
FEEtEE, LI LIE T&8B 8 (Quantum Supremacy) | EFEIEN S, o 7Y U VRIEEZE 2 TR
FEAMEZ RS 2 22T () THRFREEHR CIHEFITHENO LW EFE LA TV AREICE SN TE
TFENMEEZRTZENTED (DHEFEHAINTWAELIRETFE Y bbb, /A XDHDET
AL Ea—F—TH a7 —OHERBSHOT NTY XL[1] R ELHRL L) BEMNEELTE S A
FL—hLRTWV (i) 2= A"—P AL TEHRVWEFHEOET IZOWNT S B FEMEZ T I &N
TED, LW ATy IRBDH, FEERIZ, 2019 FFI2IE, 53 BBy b7 s T AFARERE 2
a—X—% T, BEFEBAMERT L Z & E2RATERP I NTZ[2],

PEROFERCIE, THFFEEHRICRIT S [ZHEABBESRE LRV EWHIREICESE, &1t
HOHNOMRSAMANSHEXBEH TH 7V 7 TERY, 0D 2 ERERBI 4] 72 Slcks T b
NTWe, LL, 2O X5 fERr 6%, EFitESESEAR R Ty Ia L — N TE 5
MH LR WNE W) AIEEMEEZ B ET S Z ENTE TV ReroTz, Fx OB TIX, Orthogonal Vectors
(OV). 3-SUM, All-Pairs Shortest Paths(APSP) &\ Y9 77T 7 0% a2 7o EEIZ BE L C oo L FH R &3
ST DRSS B BN #EME O AE (Fine-grained Complexity) [5]12E-3& | B3R SRR 2MT T
By 2 2 L— hTEARWVE W DR (Fine-grained Quantum Supremacy) Z 7= L7= (£ 1), &EFFHEN
FEEFRINT CH My I 2 b— R TERWZ L 2R T 7200 TR 6] [TV TIE, SRFEERHR]
R (SETH) <2, SETH IZHELOMEN W =iy, Fex BHWAUENL, SETH L0 b ZE, HDH W
1% SETH & IS 22ETH H DT, RIC SETH BN THAR R LD L LTEZESL LD TH 5,

Table 1. Our lower bounds of classical sampling based on each conjecture. N is the
number of qubits of quantum computation.

TR {5

250N (¥5>0,3c>0)| OV
gmsi N (v, > 0) | 3-SUM
2°5°N (5 > 0) APSP
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Abstract By using the Yb 1S, and 3P, two-orbital system, we realize the spin transport induced by
localized impurities in the quasi (0+1)D system. In addition, we measure the isotope shifts with an error
of 30 Hz for every bosonic pair of Yb for the physics beyond the standard model.

© 2021 Department of Physics, Kyoto University

AR, IRITOMEF DG 72 2@ EICHIE TX 720, SR+ TconHAREF2HWizEF oL
— a3 VOMFENEANATOILTWD, BHFERETIX, EISA v T A E T A YD) R & %5 & Lioarse
7o T0D, YORTORE LT, 2B TR Th D7D, FIEINAELS, & YL EIRBESPo N TFAE L,
TNOERIRDUEDE A & A LT 2BER N FET 5 2 & ZERNAR (Boson: 5f#, Fermion: 27&)
DEELAFET D ENFET oD, 22T, RS TIE, YbDISe-PoD2§E R 7 HW T, BT ALY
VHE DB & BBISB MRS 7 FOBE LD 2 T O AT o T,

MEE AT, MHEAICEB W TR AW DB IS B W CHEEREE 2 - LT\ D, BRI RIZINNE
RTHLHTOIHRE DD LY B, ZivE ClREBRZ BT 205803 H F VA TIER) o7,
L LI T, & 7R E AW TESEHSEEZ BT &0 ) 2 ERARRIZR > TV D, BilxiX, &
IR SN RFERT U VXV EERFE LT, AV R a by I RBTRA Y har Xy MEGEEEZZRIC
B+ 52 LT, 20oDMFEDar #0720 Z0BHENFEIESNIE[L], S HIC. KiF, BGIEFR
DA HHBEZFH L ETEEEROS LW HFIEMER SN TVD[R,3,4], ZIUHDRET, A
VERIZBWTEFIEZIT O 720, [LDO X 2 TR T vy VEHET 20BN, BERE
FEGEDOBIOEREITH) ZENHETX S, ZOXIRERDOE & AWFFETIE. AWFFEE THESIC
X LT %, 180 3@ -3Po JRITE D (0+ 1) IR AR ICRICEB W T, RMICHE Sz B A B Uik iign
FZoTNWDZEEFERITR LI, SDICERDONRT A—=F ZH#IT 2 2 & ThHRLIZAE ks A
TV RAEBMET D LB LTz, ZORRICE VAU EZMELZH LWT FA =27 AOER
=525,

— 7. THEOBHETZ AW E SRR O RITE U<, MEERRIZ 8 2 2 e 258 7
TTy R T H =Ll TS, ilT, KingZ'a v FOIEREIEEZRGEST 5 2 & THRL 2R TE D
AIREPEMRE S 47z, KingZ' 1> b &iX, HEORNAEIHI L, 220 FEE DORIMKS 7 k &2k
TR Ty M5 L EAERR OFIAN TILE W E CRIBICIES 2 L Th D, 7277 L., FEAERTR
DOFPANTH BIRONEEEET D LKingZ 1 v FORBIEHERENS Z ENmbNTW5S, £ZTED
%< OBEBERANVCTRITEZIEELZKIngZ 2y h2E X5 2 E TERROEEMEETHZENTE, B
KA L DIERIEED R R R TED LR D T EIMREBEINTWD, F 2 CTRIFZETIE, Bk
ROBHNY & LT ORRIE R L — Y —% & F ) TLSe-3Poi®E % D 41 A4~~~ T dBoson R 412 DT
FRIEEXI0 Hz TR A Z LIk Lz, £7o, AR Y 7 N ORFRREZFHET 2 72012, & RAED
JEEERC27k D Zeemans 7 R ZHIE L. T _TDOBoson[Ffii &~ 7125 L TR 7 k&30 Hz ¥,
ECHIEZTIT -T2, FATHIZRICBIT DY A A2 TORNLIR S 7 FOFER[5] & fAEbE 5 Z & T3WRT
DOKingZ 1 v FZEVERR L. 3OO I3FH EICEY . 15027 1FKing7 2 v kO D> 5340 D IR
M ERTZ L aRT D ENTE,
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Abstract By restricting the “view angle” in the Vicsek model, the density concentrates in a banded
structure. We approach this so-called banded-liquid phase with continuum versions of the Vicsek
model. We find numerically a similar phase, which is a transient state in a finite domain. © 2027
Department of Physics, Kyoto University

BoBeoilldan ——R Y OEMEFH 2R T 270 e LT, Vicsek EFADHISNTWS [1], 24U
—EDEX ZRHOHCHEN FOEZ D IZBWT, 2R 2 ISR T2 H 2R 1 O HE I
MEEEHLEZ WS BEMRFEFEEERET AN TH D, TOETIVIIHN TFTORIPEE, /) £ X8 DR
TR=REBNEIED LI X o TERBEELRT, AL THERT 2MEIE. Ko HEEIER T 2 AEH
B GREF ) Z2HIRT 2 2 21Tk o THAZ BN Y FINRIEHTH 2 [2], N> PR 2 13, #HRIC
H o J R FEOFICRMMN R ZEORFDP R ONIMIETH 5, FAIZINELRITHI [2] & B 28T T
VBl THEL., ZofEoEEtEiEsro (Figl), X5 IZFAROMEIEFAE T IICBVWTHENS D
CIOMEMENPD D720, UTOWMBIFEFBERNEZHAWERES I 2V — 3 V&2 ZRUHAEBRENTITo 12

9o+ V-w = DAp, ey
oW + %Vp = [u(p) — E|W|*|w + DiAW + D, V(V - w) — A (w - V)w — (V- w)w — A3V w2 (2)

ZZT. o FEES. wIEES. D,D;, D, u, &, A, A0, A3 3T X=X TH 2, F72 u(p) EEHE DB
TH b,

3. HEAGIRICHET 27 X =& (2] TREINTWE) 2FELTEIHE L, Viesek €71 —f
2. EFEREERY A4 RIEEA SN T0 B, EEIZK (1),2) OFERD ., NS RFIEMEETIE N Y FIVRIEHE
BObOMMELNTD, WTNEHICKE->TLE S, sIREFEHEKEL T2 EE LWIREIcAD» S 2 Abh
S0, BUERNCALE L BD ¥ I a b —2 a YHPRIBEE o Tz, £ 2T, A & b HliZzEhiike 7L [4]
D¥Ial—2aryiiTR5I2IC Lk, ZOHMETNVIZIE Solitary wave (EHEITHM) & Stationary
aster CEFIR) L WO ZODEPBNRNI XA —=RISCTHRET 2 ZePHILNTVWS, FAIZZDZODEDH
REBIZ N Y FIEARED D 2 & PRLUTEHREZTo 7o BTHEBEERY A XE2EZ TR T2 & ZENCiE =20
EOWTNDIRAET 2 H DD, @IRTIE NS FIRAHE 2 EEmcEbofEs R oni (Fig2). 512,
ERIRIBICE 2 £ COPCRRFRIE, fEE 4 o0t U CHREEIBIVICIEN S 2 Z e b o 7o ZORERIE, #
MEFTNMICBWTHDLEWVER T, N2 FIREHEIFEIIEEFIREEY L TR Z 2R LTV,
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Fig.1 Density contour map (discrete Vicsek model). Fig.2 Density contour map (continuum Vicsek model).
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Abstract When a nematic liquid crystal is restrained in a droplet, various structures appear since its
increased frustration beside defect arrangements. We observed behaviors of droplets in two phase system
of liquid crystals. Liquid crystal inner droplets were affected by the outer liquid crystal.

© 2021 Department of Physics, Kyoto University

Ry o 7R~ ad 32— X 3ERIKOK EHBPFRBEL T D 08IRIR Ch 5, 1 OBEREROS
BlE, FERRECHT R EORITHY T 572495, TlE, OSBRI E 757455, FRZ Ku
v 7Ly hELTHBINNTWAIRNEZ L TH D, Wi (nematic) HIZHZIAR (isotropic) Fm v 7L
v MBS ENTWS & & HEHEERICE>TRey 7Ly MIKROXRMEN L TESLEZY,
KA ATZY 35, Fay 7Ly MBRERRFREOHE 2 ZEMICHE S Z b, 2T biEx
~F v aaA FELFEINTHERED DN TEX (1], WIS, WEBN ey 7Ly hOGEIFE D
RBIEAIM, AT v ZHEWD 1O R G 2 FFOMMEEE ZERKICA LA D &, K& 7T A |
L=y a UINBRETHOTRIBEEZIZILD E LTSI EEEN KBTS, Kay 7Ly hodA
ART VIV T TOKINE KL » TREWEIT R D, FRRBHAROERGFET LD, &F
SFE7p~A T aEEED FESO[2], BREBOZEMER E 3]0, EFER S TWb, Sl Fx
IXFAMNTIE G OF DA OB AR 2 R o 72, SIS -0 Fe vy 7Ly FofEe, BicE
25E Ry 7Ly NNEOBEE TS 2 ZERARICL > UIF 1 2k 5, — 5 THMUl b iREEFE O
e, Toh ) T OEMMENFME R E 2w LT, W OS2 BETE 2 aRENH 5,

FERTIE, AR &K EFRIEPEDIR O — DS D 2 D& ATz, MFRED 572 2 AR R 1 o
MO B E (AR O 722 ECBIBR SN D0, —RICEN D IIARLERTZOEFRNR LD L LTHD
TEIFEELY, 22T, B~ TF v ZHEEOMAEEM 2 EZRTH S 72012, KIZo# LIRS
FRDMIEER & 72 D S ORI & BUKBY 72085 D& DR DO EBRR 2 MiT Lz, fFbhiz Fr vy 7Ly b
IROKEEORELIREZ 2 5 Z &L THREBEZ 2L S TEREZITo 12,

Fig. 1. Polarization images of droplets in the phase separated system of two liquid crystals.
Observation were taken under crossed nicols. Scale bars, 100um.
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Abstract A *Co-NMR measurement was performed on a single-crystalline ferromagnetic
superconductor UCoGe under high fields along the a and b-axes. We found that the enhancement of
superconductivity in H || b is induced by critical ferromagnetic fluctuations along the c-axis. Moreover,
first-order like ferromagnetic transition was observed in H || b. © 2021 Department of Physics, Kyoto University

UCoGe IFiafélt & B EDEENFE B TH D EEZ LNV WE (7T RBMER R
) O—>THVY, ZOEFIT USF OIBEE T TH5H, UCoGe IE ¢ BT RIZTRVA 0 7 B A FF
B ¢ fill 5 ORGS THIRE N BRI S D, TOD, 2 OWEOBILEIRBEEIC ¢ fill s m o
A D2 TR R D D ENIELS b T0H EEZX LN TVA[L], — . ZOMRD D E Z 4|
L7e\ a, b il 5 M OBGICR LTk, v UBRIRZ K& < x5 EEERRRIS He 2852, FRZ b i)y
WS EREICEYS 2 T 5 & RS R S D FF R Ho DIRDEEN(Y = b7 v MNEEE)Z 72,
ZHUTKE L a i F I O/RE T Tk, 20 X ) 2 B8R R O T ICERBIEE LR 35 (K),

I 512, UCoGe 1IMAFERIC IV T & BLBRIROVEE S A2 Fro, — kI, By - % T CoOmMmBE
1L 2 SRR & LTSI TV DAY, UCoGe DB A IERISAED FC 1 kil 4 793, ML
Z RS EAR T H D UGe[4]° URNhGe[BIIZ B W THEIL L T\ % ZEEFES(TQP)R, 2N &
FF R DedsThrEdd 5 wing HEE[6]IC 1 RFBESFRER) 72 iR A3 Bl 2 72 8, UCoGe |23\ T % wing
REENFEBR L TWVEMNE 9 NI %%ﬁﬁthfwé

e~ 1T UCoGe O b BlIZRESS %2 DT T2 A B DR R BIE O E 2 HRT 572012, BRGHE
I8 % T ¥Co-NMR IE & 1T~ 7=, HIE i\ W M OFEIC L > TY =2 b T > MRRER I -
IR A RIEZEES -0, b RS T & a i Tl 7 T1T-> T, UCoGe TIEb 7372 ¢ filifk sy
D L VR K E S BEEZ T 5720, a3 0.05 ° OREECAERIEZIT -7, BihLE
ﬁﬁﬁ@&m@%%k%%bt#XE/%%ﬁﬁ4un Nz, BEGH M ORI S & L BfRT D%
A Y - AV URREFNER UT, ORIEIC L VR D S EDRSGTHEEZTARD Z ENFRETH D, FI1.5K TOH
ENG, 1T, UTe iﬁfﬁ%tﬁﬂéﬁbxﬁ HALD b T O TR FiET DOk L, a flifgdss Tldsh L
BESGRATF R Te N E W FERB B DT, RO LEIZOWTFE LT L7 & Z A, b filim o
TTHEEMEEG S X ci N TEETHY . 2o cliiFfoERD b MBI ERBORIETH
5z t#TWéhéo_hiﬁMEﬁh%%UM@e@ﬁh%ﬁﬁ&ﬂ%f%éﬂm FHELERDDH
XD H M OENDGTFET D, 25 — ;

F72, UCoGe DA DREMZHR % 72112 ¥Co-NMR UCoGe
DAY N IVORBEMRAFE « B EEBRE L-, 20 20 .
FER. Buofidh T TROINTWE 1 IRFHERE HY 72 5ok M i R D\D\l‘i /] b-axis |

wn
T

B2 HRES T C B AkEE L CRIIS N, E7z clTICRE € oo oy

B BEMIT TOTHEBRTH D Z L2 F R LT, \_U)E;’AA T 10k 5 1x1s\\ #] |
SRR, TQP N A DG H 2D X 9 72 wing #iE D o
EHRERELRZWRER E RS TND, S \1\\ (b)

- c-axis g,
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Creation of large mass imbalanced ultracold atomic mixtures of
alkali and rare-earth metals with tunable interactions

Quantum Optics Group Naoto Mizukami

Abstract We have realized a mixture with up to three different atomic species, Erbium, Ytterbium and
Lithium. While Lithium is very light, the other species are heavy and large mass imbalanced systems can
be realized. Indications of tunable interactions between the heavy Erbium and the light Lithium atoms are
found.

© 2021 Department of Physics, Kyoto University

Ultracold atoms in an optical lattice are an ideal platform for quantum (a)
simulations. Quantum simulation is a method to simulate quantum phenomena in
a highly controllable quantum system. Atoms in an optical lattice, imitate the _;ﬁ;oo =
situation of electron in a crystal and one can reproduce a real substance with a .
high controllability. Typically up to 10°, atoms can be tuned in terms of (b}
inter-atomic interaction, density and dimensionality. However, this system is
sometimes "too perfect" with no defects and impurities which real substances are At
likely to have. What is notable here is that impurities sometimes induce important 290pm

phenomena such as the Kondo effect [1], Anderson localization [2], and ©
Anderson’s orthogonal catastrophe [3]. In our research, we have realized a
mixture of atoms with a large mass imbalance aiming to address these impurity

problems. When both heavy and light atoms are introduced into an optical lattice, 500 um
heavy atoms tend to localize in the sites of the lattice. On the other hand, light . . :
atoms move freely through the optical lattice. Interpreting localized heavy atoms Fig. 1. Three atomic species
trapped simultaneously.

(a) Er. N = 5x10°. (b) Yb. N

~5x10°. (¢) Li. N = 1x10°.

as impurities, we expect to simulate impurity problems. Furthermore, such a
mixture is expected to be highly useful for other researches, too. In many-body
physics it is a promising candidate for realizing p-wave superfluidity in two
dimensions [4]. In few-body physics we may be able to investigate Efimov states involving two Fermions [5].

As a light atomic species, we are using Lithium (Li) atoms. As a heavy atom, we have cooled Ytterbium
(YDb) and Erbium (Er) atoms (see Fig. 1). With Yb and Li, we can
cool the two species simultaneously down to quantum degeneracy.

Using a Yb and Li mixture, we have done imaging of the cloud in a
high magnetic field hoping to see the density profiles of the mixture.
As a Yb-Li mixture offers only very limited control of the
inter-species interaction by means of Feshbach resonances [6], we
are recently focusing on Er-Li mixtures which are predicted to
feature numerous inter-species Feshbach resonances [7]. By cooling

N (mixture) - N (single species) (k)
|

Er
— Ll

Er and Li to temperatures well below 10 uK, we were now able to

T T T T T T
14.5 15.0 155 16.0 16.5 17.0

experimentally confirm inter-species Feshbach resonances between Macnatic fi
agnetic field (G)

these strongly mass-imbalances species (see Fig. 2).
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Abstract. Integrated analytical method with Small-Angle X-ray Scattering (SAXS) and Analytical
UltraCentrifugation (AUC) was established for the selective observation of a biomacromolecule in
multi-component system. This method was applied to the elucidation of solution structure of a clock
protein complex under association-dissociation equilibrium.

© 2020 Department of Physics, Kyoto University

BRI —CHRET 2 Z L IIMTh v | ARG T TS 1 L fifHES G L h HRSREA F B
%o W0 T, 29 LIZRITET DERS T OMBEZ FIRT D 72 DITIE, S0 T RET DR (=
ZGR) BT D& & DERG T ORBIERNT RO DD, EBEL T ERT) TOAKS T O
TEMRAT IR L LT X B/ NMAaTEL (Small-Angle X-ray Scattering: SAXS) 73&1 HHTWA73, £y 5% Tl
AT 2 B DERIEEEET — 2 2 525720, TOFE TILEWERS T OHOEET — % 215
DT ENTERY, &I CERDERNS BERG FOHOBET —F 2G50 HED 1S L
T, #0508 (Analytical UltraCentrifugation: AUC) % SAXS & flZAiot7- TAUC-SAXS 5] H3Ba%E
Stz [, ZHVE T AUC-SAXS VETlE, 1HESHDERSY T & 2 DUERE EieR, KOS A Fi
FER IO, AR T OHEET — 2 OBHIZRD L TN D, —J, FEEOAEFSM T ClikiE
e ORBES A TP OFIC X VBRSO R THH Z EREL . TD X H RICKT 5D AUC-SAXS
O ANEIIHESL L TOR, £ 2 TARIRSUTHE, FiFHF 37 8 KaiA, KaiC Ofifia A iR (KaiA+
KaiC <> KaiA-KaiC A1) 26 LT, K0 EMERZESRITHT D AUC-SAXS IEDIENLZ{T S T2,

AUC HIE T S - ERIE S5 o(Som) (Figure 1(a)) 725, KaiA+KaiC IR ATAIR I KaiA (A).
KaiA 581K (Ag). KaiC (C). KaiC #¢{K (Cg). KaiA-KaiC AR (AC) @ 5y nifFEd 25 2 &2
Molz, 5T, SAXS JIE CIRAEROFLNHBEL T v 7 7 A L I(QIENQ)D L o iz b,

I1(q) = cala(q) + caglag(q) + ccic(q) + ccgicg (@) + caciaclq) (1)

ZZ T, GlFAar k(=A Ag, C,Cg, AC) DEFILE, i) k DR EEREH - OBEL 7 v~
7 A, qUIEEELR Y MV OHERHECH D, LIRS FIETIRAEIE D 1(q) (Figure 1(b) F3L)2> 5 AC
BEOBOBELT 0 7 7 A )V iac(Q) % L=, O: KaiA K& O KaiC HAMEHEIZ 395 AUC-SAXS[1]%1F
VY, ia(Q), Tag(@) S DV ie(q), icg(q) & ENEIR DTz, @: IRATAHRIZHTT D c(S0w) (Figure 1(a)) & 0 45k
FOBEERE{CIERDIZ, @: OLQ@QTHOLNIEANKTOBELT 77 7 A L L EEEE, KO I(g)% =
(DIZARA L iac(q)Z 572 (Figure 1(b) SBitL), I, EFLOFIETHE LI iac()Z FELT s 2 H
b TENIFHEEZ AW TR L. ACHEHARO =WoctEidE (Figure L(b)ffi AIX) ZfiFH] L7z,

r——-—---—-—-—-=-= T === = - ) )
(@ 30+ | . i KaiC | oz KaiC | (b) 0207 " kaia+ Kaic
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Figure 1. (a) Weight concentration distribution, c(sz2ow), as a function of sedimentation coefficient, syow, obtained
with AUC measurement. Insets represent the expansions of c(Sxow) iN2 S -7 S (Left) and 14 S - 16 S (Right),
respectively. (b) SAXS profiles for KaiA+KaiC mixture (1(q); open circles) and AC complex (iac(q); closed
circles). Inset shows the structure of AC complex built with coarse-grained molecular dynamics simulation.

Reference: [1] K. Morishima et al. Commun. Biol. 3 294 (2020).
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Abstract Superfluid Weight (SWF) leads to Meissner effect and zero DC resistance which define
superconductivity. SWF can be separated into conventional contribution and multiband-drived
geometrical contribution. we have calculated SFW for monolayer FeSe and found that the geometrical
contribution plays an important role.
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Fig. 2. Temperature dependence of SWF. The Fig. 1 T/ Tekr as a function of A¢(T = 0) for
intersection of the SFW and the straight line various filling n. T is the increment of the
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Abstract Valence-electron momentum distribution in sodium in the solid and liquid state were measured
by high-resolution x-ray Compton scattering. Discontinuity of momentum densities at the Fermi
momentum was observed and renormalization factor Zr was evaluated.
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Abstract: By mixing the azo-dye into alignment films, we succeed in arbitrary and reversible controlling
the anchoring energy W of the slippery interface under UV light illumination. ¥ is defined by the
deformation of the surface director on the slippery interface when a magnetic field is applied.
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measurement system

WLt MTR~T v 7 MK (E44) & s A=10%, T=30°C , B=0.24T x=10% , T=30°C
AL, FigLITRTEEL AT, # p ety =
GIEUNT COBBEREI(OPLEILE ] 2 Fio - on
MEL, REZA L7 2o (DR E § = 5 5 .
ﬁgﬁ L/7L:o E 5+ “; \:Jm[ -~ f‘ 5 i R [
[ 528 & R d<<l<<§(—kzv}§d 073 " < o3

0 ! I‘:,\*;a 0 ° L !

i b O ]//Zﬁf ”—1A B 7/jj 0 i 5 P’ o 0.02 0.04 0,06
X Time [sec] B*[T?]

o &C7T Eﬁ‘%gﬁr B, WSS RIS, /—\I@éﬁﬂfwo\ SN rﬁzm%&ma@ 5. A

IO DGR L WV IRE ST B U 7516 & BN 8 D 783/ A3 45°

B roliceN

(ATl 2 FIIN %, RESGEIINIERIZ15sec TH 5, BB SEHTREEI() 2 HE L, I(t) = I,sin?2¢4(t) %

FAWT, ¢ps(OIZEHT S (Fig. 2),

HNESBEIINEO BB 2L X=X DH FL 7 RT o ZRBEICE

H— 5 ¢s @%kfﬁd)s_steady D E{J\ﬁi
dl _ po'Axd 5.0E-06 I=30°C

Pssteady =353 =y B? ! UV OFF
T DT 2Ty steary PREBHBEB AT A TIEL, T ] * UVON
Ps steady DB T HEHENBW DK E S &Rz, g 30E0T
UV EHRIFRE IR & DN 2 Z & 2050 s steaay (T =, 2.08-06 1 . .
j(l,f:?s@\ Wz’ﬁ‘i@w\ LTWbZ ED5h 5 (Fig 3), 1.0E-06 + . !
Bl S DIRE L E 2L ST R H TW DR 0.0E+00 | | ¢
& éé’z‘ubt (Fig. 4, L EDO#ER, O Vo FORE 0 5 10 s

e, @QUV HRREHZ LD WOKRE S EEEIC
FEEHZ L0 Al cHlE 35 = Sk Lz,

=

B [Wt%]

Fig.4: Variation of W with mixing ratio of azo-dye





