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“Discovery and Exploration of Spin-Induced Multiferroics”
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“Establishment of the sub-PeV gamma ray astronomy and elucidation of

the origin of galactic cosmic rays”

#H EA K
WORUR T TR JERT « 2%

XHMEEFE

FEHIEANKIE, hEFRy b (BiR4,300m) IZ3%E S N EFHROBRY v v — Bl
E2Y0E LR T R X —FH 7 v~ 2z, R THOTH 7PeV (1014 EFH L
F2» 51015 BRIV b =100 TeVHr 51 PeV )DOH v~ d5 & & Hiz, PeVilk
FHAROEIFBIRRNIZD S Z E 2 LT, TV 7 PeV H U <R CFEDAIKIC
DEPLEETH D, FHRIIBEM 2R > TB YRS THIFOATLE > L, Z0
RIFMHO TR E L TINES Nl 2 E L ERE LRI E NS S r X
—H VA H SN TE 2, HEIE65,700 EJ7 A — BADZERY ¥ U —EllEEETH
% [Tibet ASy FEE ] ITKMBEDKEP B DZKF =Ly A 7MD I 2 —F Ul 2%
i U, TR S o < iRIROH S 20T 5 ik L - M Lz, 2L T2019 4,

ZREPOB O TITeVEBZ DT Vi E5.6> V~DHEETHRILLEZ L2
YT, MDOBEEDOREDP S H100 TeVEBZ D H V<28l Lk, Hiz20214E, )
WIZIR > T, BERIOTeVA v~ HiR L BN T2 528D 400 TeVEL_ED 7 > < i hs
MELTNBZ L% 59 P/ OARETIHRA L. THUXBRNOFHFRIED S B
SN FHRPHIIZH 5 ERWE L HRE L TERINE T <R TH Y, MRNART
SELFELRV. ThITX Y, 1958 4D O U o N TE B PeVEL DT Hifk A ERT
ZANEFETH AT L2 R THDOTIEEL 2. T o DRI, HhEEIF DTibet
ASYEBRIN—TE L TOHRRTIEIDH S5, FV—72 BT 2 HHKIEI NS DRI
AENREHZLTRBY, ZOHRITHTICREVWEHBIN S,



19
ZEOHM

FHIMT19124FITHE RS N TELR, ZORE LN A =X LOfHEZHIEL TS D
W7 SN TE =, 19584E, TRAF—0% PeV (105 B RV E) 28x25E AT
MRIEDSRBIZIP LTWB Z EBR R ENTE,
ZDHFFLHEGRIERD D, BPeV LIFDOFH
PSRN TERIN TS EE2HbNTE
eh, ZOBEMPNRAINI R H o> Te. FRIE
FELTHBFRANY LR R ETH DM,
B ZRE-STBY3YA 7 a iy 2O
THIFSNTLE 9728, FHBOEHEZES
eI SmEnh 2l 57 <=2
— MY JBEETH B, HHEKROBIZETIE, M
WS N TR R &R U 2RI Ak
SNBd70 BEDORIRINT—H U MITER L. £ 95 LA =T iHiof1/10
DT RANFX—Z RO, PeVEIO TR 2R D 2OITIZY 7PeV (1014 BRIV EA 5
1015 ARV b =100 TeVAr 51 PeV) DOF < 28MIT 2 LERDH o 7=,

BEH IR EF Xy b (BE5&4,300m) 1Z53% 150, 150
& NIZ65,700 ThA— b ADEKL ¥ T STTTTTTTTY
—BIEEE 2 FW =55 (Tibet AS v F5k)
(K1) ZRNTEZ, KT, SR TH
IR ¥ U —4EE T H D MR H 8 1T hn
A, T 2.4m OWSIT 50cm HEDINEE L
TR L KO KR DRBKF LY
ATHMOI a—F U BEEREL, Ja— '
F VBB OGEZ TR, Ia—F v

X1. Tibet AS y F2BREEE D Hh LM H 37
R T ZET L D)

S0, .

Relative position [m]
=]
|
k-

Relative timing [ns]

Relative position [m]

BB DI NGEIT <l e niET 5T
HEHHEKPRELE, 20074E1CI3/NE 72
(72mX7.2mX1.5m REI) lBRHI 2 —F
VBRHERERE L, ZRFEEINICS £ <E)
R 2L DERZEFT»T7295 2T, 20144EF TIT

X 2. FBREEGED AKX, SR EBOMAD
ZWE. B 7oA TREINEZBT BT
ICRESINEI a—F Ui, aoO0nEi
bR AR THI S L =250TeV v ~<fijA
RV bOfEFERT. CCH1]LD)

AR 3400FEH A — MDA KF LYy I 7R T I 2 —F U3 (M221R)

ZitEk, SR TERZIToL

201TAEE TOTIIAT DT =R 2L, 1 a—F L BOPRNWEXAT X T —ZELT



20

N hﬁ‘.@.‘;“;g 3 3
% ‘*Iﬁg I
B 10 Madels
14F 3 'E‘\'-,':: o}
; (b) E>100 TeV & e
o 12 x O )
S x AN
2 10§ 2 10 o Tibet ASsMD LN
@ L F )
= 8 = C Tibet-lll \ v
(=] = - T
oy : = | + Tibet AS+Proto.MD [ \
_“QE‘ 61 £ L | & HESS(2003-2005)
-:; T T = . < HESS(2013)
Z I I 11 111 l l l S 10 El o macic
20 10 RN L ﬁi F HEGRA
ey S o e o o 2 T ] el
% 0.5 1 15 1 10 102 10°
¢ (deg Energy (TeV)

X3 : /2) Tibet AS vy FZBRTEIM E N7/=100TeV UL LD v ~iflif X2 DB F I & 2ITHE
ZOHMEDOHE. ) PIREEZEOH AP SLDH VMO IZRNLEF—ARYT b, #18HT100TeV
BBABZZRINF—DH <l iz, CCiklil& )

LT, 100TeVEL ETIE, =itz 90% Ll ORI THE L, i £0.08%E TH & Lk,
ZORER, 2019 FITHFRTHDTI00TeV LU LD VBB PITRED T ML LKL
TWbZE%56 VI/OHENETHRINLE (X3) Gl . 28, Thboh v <k
DEGA T = ALTDONTIE. ZOmLHhTIE, BrEXETOHay 7 hrikdle LTK
TEAF—DOTFT—=ZEZNFHLEET AL TEILSAHHATES L LTS,

122021 4EIZIE, X< B X 9 MEHMO 2 /5 (TASG J2019 + 368 L UNTASG J2032 +414)
2 H100TeV ZWA2 5T~z L Cekl2]) , £, @FrakikG106.3+2.7 5
$100TeV ZWA 5T o ~igz®lll Lz CGRIBD o 2O, B#EITONWT, Hr <
PN =05 TRRLJTLD T FEPHRTNWBEZ &R L, MERBHNT -2 301

XF—IZDOBEMFOBE» OB FRIETII R, FHBRP T FELHEREL T AW
L= V<D TREMED Y, 72 HPeV & THE & 5 S i Bt DRI KAl 0
12LRVS5B5ZLZMDTRLE,

2021 4ERIT, DI 2 —F VEEZHOTE LWL Y 2L, 400TeV DA XV
MZOWT, HU iR ER0%ETHETI L L3S, @FOTFHiRE
100 557D 1 DIEFITENL RV ETHEE Lk, FolH U wiio T — 2 2Hk L
T AHAIZIR > T, 400TeV L EDOH V<P RTNEZ L %259 ¥ 7/~DHELETH
ﬁbto%bfﬁmiﬁﬁ:amm,:n%wﬁyvﬁwﬂ%ﬁmm%ﬂ@ﬂwﬁyvﬁ
BEEENLEH P S THo T (M4) o PeV DT RIANF—% o B I3 IEEOw
vvﬁnbnvmﬁ%mi0¢¢Km$w#—%%ofbiotb,%ﬂ@ﬂwﬁyvﬁ
B HEENTZ & T A0 HR TS <SR i N O F IR O B & L= F o
SR B R L2 L CTEREND o0 BFEOT v E XL bN, 1958 4EHH
PHEONTNE PeV T X)L X —HHIELL T OFHFRO NI R RNICEIET B IE



21

AR BIIEELZ A THIO T E H AL DTH D CCikl4])
BEHR

[1] M. Amenomori et al. (Tibet ASvy collaboration), “First Detection of Photons with
Energy beyond 100 TeV from an Astrophysical Source”, Phys. Rev. Lett. 123, 051101
(2019).

Number of events

Isotropic MG ======- | |
Diffuse Model MC ———
Data >398TeV —e—
P —

0.1 1 10

Distance to the closest TeV source [deg.]

X|4:72)400TeV 2261 PeVOT < HA RV NDBR S T 5541 BFRASERMTIT . ARD s UIBEAIDERIR N
TeV HL <. 5 ABF RYMEEBR TSN <A RUb, IR TER W, ) bt
WEERIDZRI RNTeV L < R IEPOD S RIDT o fHIRDOE AN T MIE SN < TndE
T AET I, FEROL AT AR HDdiffuse T ~<#ET IV, COCHk4]1XD)

[2] M. Amenomori et al. (Tibet ASy collaboration), “Gamma-Ray Observation of the
Cygnus Region in the 100-TeV Energy Region”, Phys. Rev. Lett. 127, 031102 (2021).

[3] Tibet AS v collaboration, “Potential PeVatron supernova remnant G106.3+2.7 seen

in the highest-energy gamma rays”, Nature Astronomy 5, 460 (2021).

[4] M. Amenomori et al. (Tibet AS ¥ collaboration), “First Detection of sub-PeV Diffuse
Gamma Rays from the Galactic Disk: Evidence for Ubiquitous Galactic Cosmic Rays

beyond PeV Energies”, Phys. Rev. Lett. 126, 141101 (2021).



22

[FIE S EREFERE T A T DBRFEIT X 5 BRF D B
“Observational Cosmology through the Development of Wide Field Cameras

for Subaru Telescope”

HARBIEDITER R LR CE etz > X — « 8%

XHMEEFE

PURI AR IZ R S D KBIBREE DB & AL OBINE, X —I <X —L X —J TR LX
— DRI OB L5BRNTFHROEELRT —<ThH D, HRRKIZ, % < OBIMRRZ
PEAH LTETIEXD LS LGB X Suprime-Cam BRFEDHIE A LV N—E L TEDSE
WAZEHRN L 2. ZOFEBITHEDE, TEORBRILHLE % b DHyper Suprime-Cam (HSC) D%
EIZIRD < A, 20134FIZ58 S . TV FITE 2 W W R ECR R ER A B RE 2 i 2. 72
AT THDB

ERGIE, 2014480 S EBILFEIEF — ATk B L HY—7uy e 7 bokEEELE LT,
WL DOPDRIEELMT 4 M EZ —T330 1 THSCTHB L, MR iR HEE %
PEA LT, SR D3R TTHIX T — X R— 2% D<K 1), BHIITHHO & £ IR
AL LTz, 20184RITI3LIRIT DT DIFFERCR Z2 408 D IR G X & L TRE L,

S HICHIFKOIE, HROELGHMOIIRIZEOND THWES L X8R ORI
WRAHDUEP S, X—7 <X =050 E— 7 PEEITHE OIS T 5 Z & 2R
L, ¥=0 <X —O0EEREN. LTz, £z, ZD3RITLZMI A OBA-RAER O RFAIEAL
PoOX—=7<X—DHEHREGOKT LML PIT L. 61T, RARBIREE TOLHED
BRI DA 2> bR D IWEIRTHTT N DOERD, HRITRBE1000D RO 5 5B O 57
P DRONTMELE TN TS REAH S T & bR L 1.



23

INHERVINGILFENIZEE LTORRTH 545, Hilk RS — O EAMBARE 2 12385 L5
WS EIZHSCIZ X o TR LNIZKRET —Z DB TH 5. HSCZ W TFEIZEBRIC
b WVEHli 25200 TR Y, i RO BT H b DR~ D HER 3D TR E W,

X o F M

=< — (BEYWE) ¢X—rzx ¥ — IFRZFLT—) X210y -
THmIZREMNTF ONIRELH L RS TEY, REBRTHEEADP b T DI LIRS
L2~ D 2 EBZDMHUNDFEP Y 25 25 LHIFS N TND.

19904EARUT. HIFKIZKBICCDE DR E, v~V Fa—ty Y TRRZEDY v h—V
WFeir (MIT/LL) & L6 CTHkE LTz, =58 OB Tl R iR D 72 O VT A 0 & A3

FWZ EBREBERFNE LR D, B S IEPRI50nm TH
KOCCODDMUGEDKEZET L, RHEHTFD3HMTIEZED
fBE THOUITE 2, 1Z&A EREZR S BHERET D Z &0
ARER T R RRCCDE 2T 5 LTk L,
ZDCCDH 110 % 1 Z 35D L ¥ 77 A 7 (Suprime-
Cam)%, FIWEBLEFHD 77— AT A MZEDLET
2000415 S ¥ T2, TDH A Z I Rp Tih D BRE % 7
S B E DOk L] & 722 0, BT D SR ER AR T
BHHHORER ETRERMRZZET T, TORMIEERT
] FIF 2007412 H AR SRR am X B 22 B LTz,

H IR Gl Suprime-Cam5ERk D i 2 31T, ZDTEDH
1 2 f5 O Hyper Suprime-Cam (HSC) D BiFEREAR
ZIHHL, 2220134258 & iz, HSCOHR
%, 1) BZEOEAZRBBITIET I L THREII Zuy
DIKE%E S HIZ2fHZ LI=CCDDB%E, 2) IKMifizhiz
D IAGE D i iR 2 EBLT DHIEL U AR & R HK

X1. 31X D EESE0 F RIS
SNTBEME A A < HSC.

FHIERROBIYE, 3) 13X Rkttt Iy 7 AEROBYE, 7% &k

ROFFITXIYEBLE (K1) .

20014E 1241 B _BIF b =52 5 SR BI A R WMAPIE., BEHER FHELET L & A
ENTWVWABACDMETNANDZ Y ZMAE LTz, 20, ZOETAPL P EN SN
%, XHECTRE SNSRI L D EPIZZ N E WS FIEBRD o =, H ERIZ SRR DI



24

WY O E B & -
FInES LY R & | : ;
AREIICHISE LT WG] o T R R o o e i T D
[ % 5 G % B2 L R R R e e e
Suprime-Cam ¢ i M & il {5 g B ‘ ¢ . _ ik |
F R I & W M D 53 A ey —

3 N 4 (%)
FEZ A THDTTo Miyazaki et al. (2018)

s3] (2) o BZMARD o Ly e & Y kb IIE (i) &
71 X 7 Hyper Suprime-Cam & 7=gkn[ (#£0)

(HSC) ZH W= B o wF %k

Ti, B UK EYE T —D95%BPHEBITHEWERFIMNIZ L T 5 Z E ARSI LT
5, LHL, ZNTLHIRMEAZIIBERR PR L VAR, BEENTHELT T VITH
I UASIAEE & 72 B T REERS B & LCIEH ST 5,

20144F 72, I FCIZIE M O R X L X — D BIHIMAEIA %2 1] LHSCZ FH W 24~

330MKIT D 7= 5 3 1 DML A ZR BINIG Hil %2, [ENLRSCH A1 7Y Bl 5 i DF Jeiens,
TV VAR UVRFER EOEBILFEBINFEOREZE E UTHREL, ETL TS, 20224
ETOBUBRH SN TNDA, RIDIOETDT—2 55T TIT, 40RO LA H
AR LFERRSCHRHEPASIOHSCHREE S & L T20184E1HICHIREh TN S,

AR DFNE L v XE R %
FIH LR B2mE o —D[EE

DWEIIMET, HRRO I V— 1 (50 o s (0 <28
GO TISZ O TERT LI & i 7S oy
LR OIUPS TUEEIINS & o ﬂ.*;{;?umwﬂ
OB G 2 R T D 7 ~Cav €

DIFFRZ EITHL T LTz, 2D \‘“‘*x:::‘x;-j\,:,L/,/i/_/ % Fh
R WEIRAIEL 1 — ™ i

Dt E & HizHE L THERIL

LRBRTZFSWDICE SRR w3 gguah L 2o bR R BT O 12 Ak
4] (K3)

& BICHITRD 7 v — 7R A 1 BIE E TOTH THSCOF— X It bh B 50
BH VLV ZARRDIRT —ZAXRT MVOFENH» b FPHELET NV OERZ RO D Z LITHID
THIh Lic. ZDfE5E, #1000 DR D T 5 RN D 77 e b3 b iz FRET



25
HET VACDM)DEMEHER AV PEES SRR 2R L TE Y (K4) , TOW%E
[l b K ERIEHZHEH T

Do 1.0
o EDOWIZE L AL RIFFER R —— _— 2@@;@-‘3@@1@@
§ 9 deg spr -
THBHH, FEMITIC X SHSCHi% - R

c?

1800 deg?”

DR R I/ T DR T

N Sg 0.8]
KATE Y, R W TR
EOKRT—2BH/LNEZ ST 071
XBLDTHY, HikFKDEEk
LLTRELNEPOTEHRETDH Gt 02 03 0.4
%, HIGRIZEY A 2 CCDA A 5 Qm

DR FHLEEITTRL, A
b EIERT — XIEDIRNT %
10, mWE O T — & % K6
LT, MRPpORLFEZFIZ, TIEZLEHRICLDY A =V AOBEERMELE, Zhitk
. BRDZ K OETMREDPEAK TIIATTERVEGT —X 21T, 2R
REHEAH LTINS, X—=7 <R =K — 7 TRILX—OMIEITIE B I A B0 2 5
W, WCKIZEEKIT THADFHIMELE « KXFDOFHIEZHG| L hidiEmd TR E N,

BECHR

[1] “Subaru Prime Focus Camera — Suprime-Cam”, Miyazaki, S. et al. 2002a, PASJ,
54, 833

X4, FHET VEEOnE Ss, HSC (FR) L ERHERIGR
(FH) OMHITTNBH 5.

[2] “Hyper Suprime-Cam: System design and verification of image quality”, Miyazaki,

S. et al. 2018a, PASJ, 70, 1

[3] “A large sample of shear-selected clusters from the Hyper Suprime-Cam Subaru
Strategic Program S16A Wide field mass maps”, Miyazaki, S. et al. 2018b, PASJ,
70, 27

[4] “Two-and three-dimensional wide-field weak lensing mass maps from the Hyper
Suprime-Cam Subaru Strategic Program S16A data”, Oguri, M., Miyazaki, S.,
Hikage, C. et al., 2018, PASJ, 70, 26.

[5] “Cosmology from cosmic shear power spectra with Subaru Hyper Suprime-Cam

first-year data”, Hikage, C., Oguri, M., Hamana, T. et al. 2019, PASJ, 71, 43,



26
2021 & (55 9 [v]) Nishina Asia Award

RSN, B TS OMAIGE - BB R ITED A B L LT, 2012
WREIZT O T DL FWRE 233 5 Nishina Asia Award] ZRIE% L E L7=,

Nishina Asia Award X, 7Y T7HUIHTE DO TEFHLRERZINDIEHARDNOT T
EHEOH FMEEZHE 1 £EE LT BREEBEMBLIOES40 /M 2RISR &E
ROBTES- L, & b IcREAOHTHN LA OB EPIZES & OMERRZRT 5 L5
HETT, TNETOZEE L ZDOEBELOUREOEZERITBITET.

EOM & B 20214 EEDZE S LR EBEEEEZL FITHMLE T,

YAO, Wang

(Chair Professor, Department of Physics, The University of Hong Kong, Hong
Kong SAR, China)

For his pioneering contributions to valleytronics in two-dimensional

semiconductors and van der Waals heterostructures

Citation:

Realization of relativistic "Dirac fermions" in two-dimensional materials such as
graphene is not only interesting from cross-disciplinary interest between condensed
matter and high-energy physics, but also as a platform to exhibit various exotic
phenomena, and eventually to realize useful functionalities. In condensed matter
realization, multiple copies of Dirac fermions are often realized as required by the

symmetry and topology of the system. They usually occur at different points of the
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momentum space. This provides an extra degree of freedom called "valley", in addition

to the spin degree of freedom.

As one of his pioneering contributions concerning the valley degree of freedom, Dr.
Wang Yao discovered theoretically the "valley Hall effect", in which currents associated
to two valleys flow to opposite directions orthogonal to the applied electric field [1]. This
effect arises when the inversion symmetry is broken in graphene, for example, by the
substrates. The Dirac fermions then acquire masses (namely the excitation gap opens)
so that the Dirac masses for the two valleys have opposite signs. The resulting Berry
curvature naturally induces the valley Hall effect. This discovery has generated a
significant interest in the field, and become one of the fundamentals of valleytronics:
exploitation of the valley degree of freedom to realize devices with useful functionalities.
It was still difficult to probe and control the valley degree of freedom with certainty in
experiments. Dr. Yao made another groundbreaking contribution with the prediction of
the valley-selective optical transitions by circularly polarized light [2]. This enabled
versatile controls and precise measurements of the valley degree of freedom.
Valleytronics has become an experimentally demonstrated reality, largely thanks to

these pioneering contributions by Dr. Yao.

Dr. Yao's works have also vitalized the study of new group of materials, especially
transition metal dichalcogenides, such as monolayer MoSq2. They have a structure
similar to graphene, but with the inversion symmetry broken. Thus they turned out to
be an ideal playground for valleytronics, naturally realizing the valley Hall effect and
the valley-selective optical transitions as it had been predicted by Dr. Yao. In fact,
significant spin-orbit couplings exist in this class of materials, leading to new physics.
Dr. Yao also elucidated the interplay between the spin and valley degrees of freedom in
these materials [3]. In particular, spin-polarized excitations can be created by choosing
the frequency properly for the circularly polarized light, thanks to the valley-selective
optical transition and the spin-orbit coupling. This further enriched the emerging field

of valleytronics.

Dr. Yao has also provided numerous other interesting ideas, such as long-lived
interlayer excitons in moiré materials [4], stimulating theoretical and experimental
studies in the field. In addition to his theory papers which have been influential for
experimental studies, he also often helps experimental study directly through

collaborations with experimentalists.
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Valleytronics has evolved into an important field in physics and for future
engineering, with the new class of two-dimensional semiconducting materials as an
1deal platform. There is no doubt that Dr. Yao's contributions have been essential for
this evolution, and that he continues to be a widely recognized leader in the field. Based

on these achievements, Dr. Yao deserves the Nishina Asia Award.
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