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Abstract: Topological quantum computation aims to encode quantum information in the nonlocal degrees of
freedom of non-Abelian anyons and manipulate it through braiding and fusion operations, offering a promising
pathway to fault-tolerant quantum computation. Non-Abelian anyons, with their nontrivial braiding statistics
and intrinsic topological fault tolerance, are regarded as a key building block for realizing scalable and
decoherence-resistant quantum computing. This review systematically surveys the key developments in

anyon physics over the past four decades, from the early theoretical prediction of fractional statistics to direct
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experimental verification of anyon braiding in fractional quantum Hall states. The physical principles and key
findings of essential experimental schemes, including Fabry-Pérot interferometers, Mach-Zehnder interferom-
eters, and anyon colliders, are comprehensively covered. Based on these foundations, the characterization of
topological order in even-denominator fractional quantum Hall states, exemplified by the y=5/2 state, and
transport and interferometric probes of non-Abelian statistics are discussed in detail. Furthermore, recent ad-
vances in topological quantum states in novel material platforms, including graphene and twisted transition
metal dichalcogenides, are reviewed, together with artificial quantum platforms that simulate non-Abelian

braiding using superconducting quantum processors. Finally, the key challenges and future directions on the

path from anyon physics to scalable topological quantum computing prototype devices are outlined.

Keywords: anyons; fractional quantum Hall effect; non-Abelian statistics; topological quantum computa-

tion; braiding statistics; interferometry

AR TS S A g A B
THEAE 55 Pt B 2 B S g R B . R
M, 5 ORI ) 52 B 58 e 7 R AF 1 52 ), 3
WoR BN NS R o = XTI NG T L <
WU RE PR LR RS T Ry
L AR 2 b SR A H BT 5 0 B b RR B D R
(BAZH R E S LT R, X &1
BB P A R R L B 4R TR R L AR I
TN E AR T - REAARFE MK S
H 3= B A B 0 HUaR AE T S R R R A
KRG & FEE . FEIER Y &5 8wk
Je Sl b, G B T LA AT O R A S ) Y kL
S i A AT ] JR) s B P A G T AR A
X P BE A A R T 00 4 N B A R S AT
P E I AR AR R R

TE = 425 ) oh R 38 4 48 1 HAUAE E 3% 65
CAZ 4 15 oRBIONT R D 1 3% K - (52 46 I8¢ R KRR % 6D
PR AT e . HAE —4Ezs Al bR i T
B S G T A ——AT B T (anyons)' . (R
FWZHAMAHRR T, TRAEEME. R
HENE, YRR EELZ N EE PR A
IR IR . AR R T R SR AE CRI S 2O /R
1 fA] I RS s u) bl SE B AR LA &R AR e, 31X
1E 2 AR BT U1 JR AT 7 F (non-Abelian anyons) 8 #% 0>
FRAE o BT DUJR AT 287 16 2 800 25— A 7 A
+ e M AR BT DR AT 22 Y 2 200 %6 7 e 4 %7 v
() PR R A o R G — 1k BT, it 15 B T Bk G
TR BT DL IR AT 2 A 87 O B A S W) o R
FE 1 G SUHRAE e 0 S A F T, AT 58 AR
LT = N Ct B R =0 S S 2 B o i g o1 B
MAE B b, AT Ao Jay ol M 7 i A 2 #4 TIC V B IR G
A5 B H R ARGE AR R R

AHE G T R L2 oot &
IRZRG) TR E W3, R 5 b 38N JE ik B 98
S5 PR ) A O N ] Y #E R L B e, AR AR ) DL
JRAE B F R B Al 4 0 B o i BRI S
I B S Ty 58 s FLUk, (R JBR 43 50 H AT 7 L L
FBT DUJRAE B F et i SE 00 B0k s SR 5, SR AR 8K
I3 B4 B R R A R B AR B DL RAT: B IR S
FENT 5 s e A 4R B A RHA & i Fh i
TR RSN T EFF G AR DR 90 215 15
L5 5 i, 43 BT >4 T T YOG SRR A Pk, O R
e K R Dy 1 AT R B
1 FMRREEFEREMSIN

TR

BB F RS UE T 4 25 | ok 7 28 e e it
B9 204 # F R BT . 1984 4F |, Arovas, Schrieffer 1
Wilczek ] H Berry AH 37 J5 i ™ k& UE W T 43 B0+
B IR BN (Fractional Quantum Hall Effect, FQHE)
TR I B g v R . T TA 2 T Laugh-
Tin 285 v o 25 7 ORI MR - 1 D oA ER, 3 A T 5 TR R
TG4 G 01 i 32 30 BT B B 1Y) Berry AHA , 15 1 HERL
F WAL Ap=mv(y W T F) . X TFrv=
1/m 19 Laughlin 2% , 28 #0057 R =/ m , 35 Wi Hb 2 B
T S R B AR 37 A 7 e AR 2 oK T2 IR A 43
B MERF" . 2SI A T E T
FQHE " f# fik — [a] i 4% 217 53 250 F 17 5 00 i e
M A ERL T L INIR B ) — A~ is B, 2[R R A7
#l| Aharonov-Bohm CAB) Y N #1481 A A 1Y XL 52
L % 1 O 5 SR T R E e e S i D
Az SR B Ay s AR A . = 4k s e ok S
e AUA a1 5 POk PR AT g AR TE TR
A B 2 n] % S AR T AN AH A T AE 4k s A

1103



% 63 %

W KFFHROBRHFRR)

% 5

P 25 A AR T TR TE A 20 Y S5 1F R B SR AL L
SN SN B2 S SR DR i e R B B

7~ T ARRT DU RAT 22 F S 2L A% 0 LR, 2 24T
B AE YT TR N A B B S R 4R 2UT 51X
TR Y £ I A8 4, 22 40 R 25 Mk 7 9 SLERAE 1Y
AN | 3 1E 2 Al BT DL R 8 3 X5 B LR 4E
A FURFAE

FIAEBT DURAE B F O AT R @ B A
EINEI R TR CI NV A U R C S A R (R S R (E
XN T AR X 5y 04 20 R B AR 4 i AR AN R A —
ML . FEX — K FR T, Majorana Z 5% (Majo-
rana Zero Mode , MZM)1E A 2 (Ising) BT 3 T,
PR H: i SR A T 45 52 3L Clifford 71110 A 24
A 32 R TE MR Pk % . B, 48 3 MZM
18 S 587 B ARy BRAL I OR BORT 4 S 52 (T 2)
SRR TR T fiﬁgfﬁi-ﬁ'?‘rﬁiél’ﬁﬂf%% %
PRI R T A LA R e 24 2R R AR
1.1 Majorana BEEHN W HFTER

O3B TR R AR HNE b TS A A AR B

NREETFHERRZR., X TFv=5/28 &M

Moore-Read Pfaffian 25 8¢ HA - -25 /L Hi 5D | #fE
W 3 & Ml Tsing R Bf DL IR 483, 2 2L 454 ]
77 A Clifford 177 c B T % A B - 301 % T 35 4L
(Fabry-Pérot Interferometer, FPI) 5 I fif - ¢4 {5 +

Fractional quantum Hall states

e

3 N =

(@) e

oV /mV

s 8 8 s 5 0

) Proximitized nanowu‘es

Bux
BHB

V/ pV

\Qh)

V/w

m Anf,le m

(c) Magnetic chains on superconductors

\ \(w /h)

m +
et

0—0-
-

Q-
(> R
Q-
e

e >
> >

Bl EMAREEFHRE L ET#

40 B2 e BT D0 R AT 2 O 1 A e ST A8 e (4
SOBAE I . PR R TAEEF ABL.C.D WA AR [ 4 205
HICI Tsing 45 35T, B A1 92 BUAR [ 15 £ 16 748 4 97 7 A A i) 4t 7
KA. B IEA UK T 2L 3R AN SS B AT T T R TS B
P15

Fig.1 Non-Abelian anyon braiding and unitary transforma-
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The low-energy quantum states of non-Abelian anyons in a topo-
logical quantum phase depend on the order of exchange (braiding) op-
erations. The figure shows two different braiding sequences of any-
ons A, B, C, D (such as Ising anyons) , which realize different uni-
tary transformations and produce distinct quantum final states. These

unitary transformations depend only on the topological structure of

the braids and can be used for quantum information processing'”’
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