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Abstract A quantum spin liquid (QSL) is a magnetically disordered many-body state at
absolute zero temperature without any breaking of crystal symmetries, whose low energy physics
exhibits features of fractionalization. Being beyond the Landau-Gintzburg paradigm of spontaneous
symmetry breaking, it has been profoundly studied since the discovery of high-temperature
superconductors, and has stimulated the development of topological order theory. Modern
mathematical tools, such as the projective symmetry groups, are introduced to classify QSLs. The

clementary excitations in a QSL are fractionalized spinons and emergent gauge photons or flux
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quanta, hence a gapped QSL has potential application in topological quantum computation.

Theoretical approaches also include exactly solvable models, various numerical simulations, and

quantum field theory. Experimentally, possible QSL candidates on triangular, kagomé, honeycomb

lattices, and even three dimensional lattices, have been reported and investigated. To obtain QSLs,

certain experimental conditions have been tried, such as high magnetic fields or high pressures. To

detect their physical properties, various techniques have been applied, including nuclear magnetic

resonance, neutron scattering, thermo transport, etc. The searching of definite QSL materials is still

ongoing, and rapid progresses have been made recently. Researchers in China have made great

efforts and are gradually playing a leading role in some specific directions. This research area is

full of difficulties and challenges, as well as vitality and fascination.
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1) SRR, GRAMY 23405 https:/mp.weixin.qq.com/s/tThN70LyC-
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DR 3 Laughlin( ] 23 08+ 8 /RBUS AR
18R 1998 45 15 DUR My PR 2 R2) W 21 3T/ R 25 i o
BXRAWRER G, Bahbsk TRk,

BT TER AR, BiERGEPILAE
WL GG EF AleREE, DIEERRTE
XEPRUERN S B AL TTIUR AR E, B REBRSTCRE
P, PRBEE S 4R 2 e 2 980 5% 20 = -k
2, A ix e Rl By & BT fed
FEAS R A rh SR, BT R B bR b in DL Sk
B SR b anfer e & B e TR Ok B AT BRI AN 2
HFE? T —/DAIRATR A 4 LE RS RE

3 HERTEMERSMEIHERIZEH

= H ISR A CA 30 R 4R, BRLIRFNSK
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W PR 5T, DA RISE R A ke, XX e A 5 J
AT — T,

3.1 IEip

1987 4, ZiEdfe Ht iR s ML, fris
HRTARKAEPR T IERI R, 19884,
Affleck % N B T Bk R LR H YR SUQ)HE
TXTRRYE, AT A IER A B R B — 2Pk R
JE T AR, 20024F, SO/ T8 1 B ek AR
I HA R SUYMVEEE IS, MBS PREFAE 45
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symmetry group)HE&", HRAEIA B ek 41
SRR 7o 2, B e REE T LA o —
AT B A AT B . 2% B DY U5 dl A Y U(1)
Bk, K BBz B8mAr kA
FL7EREIE , SCHER PR 2 2 -1 2 (n-flux state),
T S s eI rp gl AN 2n RS 5, e
Bt e ) TT A4 20 K — 5 DA DR TIE 87 Y T el rp
WAL 2, AIREBUNIEMS B e -AIBkER (hopping)
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MR BRI RIS £ R G0 b T AE R TE A
FORHR TSR, Xt 4h 53R Z R b2 |
KAMITHEBERLIIIE 2 —, Fa R FREET LA
R & B R A E TG o2, X —5
RTH-HIEHZES,

2006 4, Kitaev £i¢ Hi 75 f dn kg L™ 4% wT gAY
HHER R, St T AREBR S LRERRIN 2 &+
B e A A R A (51 6) AR RUNG 2511 &

H=-J, Z oo —J, Z oo, —J, 2 oo, , (5

Hp g, J, LoBlAhx, y, z=
PN S0 £ B O AE B AR SR
Kitaev 5| A 4 T 25 high 3 ok 1
R PR TRREFN, T
IS IA—A I 25 kK8 H
i€, FFoFIHSFERE, ikt
FHEAE B B e R A 2 To Al
HAEHB 2R gh 3 ok ALY,
SR fi e B IABRE 2 8 IR TR 5 5
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A AN ARk, Hh 3N ARES
toric-code £5 Y Y AL 25 RT L AR E , RN TCRE
PRAHMCRE CA il p A A S 2y g, {H A Big—
FI e R E R BRI R Y . ARV, {ESM N
Y, CReRRAYE - ATER A T LT IFRERR, I
TR BRECAH 1AYHER DURTFAE &+ A heilk .
A e TR, XA THE B hER
PR ikl 2y R — A TR R AL, TR
JERT DURER A, e AR #EETE, M T LA
THATR I & TR, ARG PR L R E 2
PR LR IVE RS . KitaeviDitie THE
KRB TAE & B e, KIPRE S 16 6f
TR BIGETHPE AN P2 AR 52N, RS2 R SE Ryl
. Bk, 4 ZVETAE A EIRER “5
R J& Zi, Kitaev il i b Ta Y ™% Al iR 2 (5) 5K
UE T &1 B HEWR A IR T LAAE 8] B0 B HEr s
RGP E, s T ANTESRLE L& & B g
MRARIIE L, 20094 /245, Jackeli 11 Khaliullin 42
X Kitaev 274 i AH B4 FH B m] AEAH G A R b 5
LR, kRS T Kitaev AR SC B 78 D $AG (G
MANF A ZBALB T GERET AR
g e—Kitaev BERIFIAFEHEEL) ),

20104E /45, 2R AN GEFN4R F M A5 A 58 R B
Wi, KRR 2 gE A A 2 2 R A pE A R, &
T HIER AR ZE R TR 2 (k& T &,
Hrh A REPR & 1 B eI A R T 4R E (R4
(symmetry enriched topological phases), K £ %
KA 7 A R 2 R R FRER P 1 & R
TRt

b J=1.0=/=0

BE6 (a)7ffd ik B Kitaev BRI R E] s (b)Kitaev 152 71 i #H ] (QSL A& & 1~ F Jig
& A (quantum spin liquid) Y45 5)
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(TEBD), MO, BFE5FERY . BoZEERY.
R ot #1055 B 22 RS 5 st i K T
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25 B e, M FH Rl B ER I & e IR RE RGO .
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