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Fig. 1. Schematic of a quantum simulator. The quan-
tum system evolves from the initial state |©(0)) to
the final state |p(t)) via the unitary transformation
U = exp(—ihHgyst). The quantum simulator evolves
from the initial state |¢(0)) to the final state [t(t))
via U’ = exp(—ifAHgimt). One can design the simula-
tor such that there is a mapping between the simulator
and the simulated quantum system. As a consequence,
the final state [¢(t)) will provide information about

the simulated system (61,

B R JE BT o R AR A Bl E
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H(K) =di(K)oy + da(K)os +ds(K)os, (1)
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Fig. 2. Schematic of experimental setup for a 3D superconducting transmon qubit. The microwave

source in red box combined with IQ mixer is used to manipulate qubit. Another microwave source

in blue box is used to read out qubit state by measuring cavity transmission. Digital heterodyne

is used for data acquisition. Transmission signal of cavity is mixed down to 50 MHz by arbitrary

waveform generator and 1Q mixer. Amplifiers are used to increase signal-to-noise ratio.
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Fig. 3. Measured energy spectrum of a typical space-time inversion invariant topological semimetal

(23],

(a) Three dimensional plot of the band structure of spectroscopy measurement, by tuning the driving am-

plitude, frequency, and phase gradually, we image the band structure of the system in the momentum space

point by point; (b) magnitude of energy gap obtained from direct measurements of the energy spectrum of

the system as function of k; and ky in the first BZ, four nontrivial Za-type Dirac points located inside the

bright regions can be observed at (0, £m/2), (1, £m/2), in a full agreement with the theoretical prediction.
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4 (ERIREARF I MIEH T Dirac SIOHAMER 23] () S5 ABIRMOLI P, T XFRYE, EIEFE PT B
XFRPERIMIE H] = no2 J&, Dirac sSKIRTEAE, BRI REF A2 XM A AL B AN RE Y B S A AR IR 20384k, IX 58 W Dirac 511
WAME R 2 PT BRA SRR MRS, Hob, B RBEANT ky = n/2 F1H, 25800 25108 0 1 0.5, 3KELFIEREL 5 I Rom L3640
FEHBIBLER,; (b) LTI ABEIR PT BEEXN IR HY) = eoy SRR SN, LR BRI AE AT 2R, RERRHT T, I
e, K S8 e = 0.5; (a), (b) F ABHBCHO

Fig. 4. Symmetry-related topological features of the Dirac points for two different but representative kinds of
perturbations. (a) When H{ = no2 is added with n = 0.5 in unit of €, which breaks both T and P but preserves
the PT symmetry, Dirac-like points still exist, though the gapless point positions are shifted (marked by the green
square) and the band pattern is distorted drastically, showing the robust of the topological nature protected by the
PT symmetry. Top and bottom panels correspond respectively to the cases of n = 0 and n = 0.5 on the plane of
ky = m/2. The bright yellow and dashed green lines denote the experimental data and theoretical calculations from
Eq. (3) with H| being added, respectively. (b) Whenever the PT symmetry is broken by adding the term H) = coy
with a constant € (= 0.5 Q), a gap is fully opened. Here A = 0 for both (a) and (b).

A

5 B HASH N AN S B BIAG AR IMAZE 23] (a) A RIXT 0, 0.5, 1, 1.5 ky ~ 0 FIRIREH 451,
ATLAEER] X WE] 1 F 2K T 1, Dirac S20H H1 4 4805 2 754808 0, R RGREBTBHT AT I, KAEMIRID 8 Jm B A5k 1
ML (b) 5 AT BINX RN RESRE RS H N I, SERTIE

Fig. 5. Quantum phase transitions from a topological gapless semimetal to a gapped insulator as changing parameter
A23] (a) Spectroscopy at ks & 0 for various A. From right to left A are 0, 0.5, 1.0 and 1.5, respectively. It is seen
that when M is increased from 0 to 1, then larger than 1, the number of Dirac-like points decreases from 4, to 2, then
to 0, where the gap gradually is opened, demonstrating that a topological PT invariant semimetal phase transits to
a normal insulator phase. (b) magnitude of minimum energy gap in the first Brillouin zone as a function of A, as

predicted theoretically.
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X A AN, 25, 2\ =1, E40 BN XL 5t
AEPRAN el 28 LA H N — AN B Be A 28 SR, 1R
PRI REAT B, X — NI RE A, SN > 1
I, A DO S 3 B TR 40 b HUes IR RE AT 58 AT
I, WA & B AL NP 4 S Ak, X IR T B
s, wiE s (b).

4.2 Hopf-link¥ &8

Br 7 BAT RERET R AE

fiE e aii, ANTEEE T
" T HAREE L Mn b

ZEK. XA LI ]

Ot
i

_92 "9
0 2

(b)

V o 4

-

6 Sy (26]

2
0
A

(c)

Probe

Construct ::;S;:? i /

(a) BHTH Sy F0.Sy, 7EAT HLIH X P AH AT B 5 Hopf B 30 M54 IR 1 2% BB Tite 45 44) 47

DL IR 45 0, Hetn Hopf-link. — A #2843tk
Hopf-link - 4 J& ) 15 25 1 5 (BN o m ) 75 HE
B asE) (RY K 23 [A)) Hpa] DA IR o 24

H(K) = fi(K)oy + fa( K)o,
fi(K) = sink, cosk, — sink, cos k.,
f2(K) = 2cosky +2cosky + x,

Heo; (i =1,3) NEFIFRE, x NATTHSEL

FHIG & (4) WA, AN S, ¢ f1(K) =0
IS, « fo(K) = OFEAm BN IX N AHAE T8 B 2% 715
2, JF H ST 2R ORUR e 45 4, 2 3 A LUK X
PRI, w1 R, SUBTELs MR, B S fl
Mt fim 5 B — AN Hopf 8% 24 (118 6 (a) FToR).

2 R B (4) X ARYE, W —ANREA E
TEPUER G ) RS, W) 1 T s 2l &
DB THK)T ! = H (-K), &I ERFERH
F g aiE (4) B PH(K)P = H(-K), BIfksL
{140 I TF0) S YR R i AR 72 1) s i %o AR A 0 2 il e 1
T 2% & PT A X BRI, 13 [H(K), PT] = 0, HliX
ANFHAE 52 B PT B SRR 0 $h R 24,

(4)

fo
1)
10)

2% (b) 286 b T, Hopf-link 43 J& A (MG B 015 1) 3D Transmon Ffi; (c) Transmon [ G845

K, AR = REZHN T2 78

Fig. 6. (a) Nodal lines with a double-helix structure formed by the intersection of two surface Sy

and Sy, it is topologically equivalent to a Hopf-link; (b) a superconducting transmon embedded in

three-dimensional cavity are driven by designed microwaves, realizing the effective Hamiltonian to

simulate Hopf-link semimetals; (c) the schematic energy structure of a transmon, the lowest three

energy levels are used to do the simulation [26],
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HAR T 250 x R 0 0 21 4 1) DU e 1 42
[ i B LA FE 7)) DR S T AR AR S
% RGN ERE A v 7281k, Hopf-link -4 J& Re iy 5
A, KA AT B SR T R, REWILHIR
BWELT 0) &, POERESHICE NS —MmHE
WX, B (ky, ky, k) € [, 1) x [-T, 1) X [—7, T0),
B kg, by, ko BB, MIEHRIERETS 1] 15 345
JEAE S — A BN X i) Se BERe . R 45 M1 AR
HE AR R T EEA R, WK TR, A
RV — A BRI R DU R — 25 1T 4.
X = —3F, BEE VLI B WUR e Lt kg, H TN E
5EW IR RS HIRG, XEWZTT ER)
SCEL T Hopf-link - 42 & () e i B 40L. BEE x 3G
b, #hi S, vk, T OIS e 45 A8 kAR R 2L e,
fEx = O, S, BefilAm LK X 12 5, XUME g 45 1) Wi
A AEx = 2, Sy T — AL T () 1R
FE, #ITH Sy, Sy BIASEARIRORAR XUR g 45 4.

H5PT &G, S E KRS

{14 TT R 4% 14 1 B 9 £ 9T Hopf-link - 4 J& (1 #1 b
FHAZ R $h A A2 . 1 e ] BA ST — A B in 15
H{ = Asin kyoq KW 5T link-unlink $6 M HAE,
Hi{ LLQABAL, NS E, B8 (a) i MK
UCNANFHE R SR TR, BN < 1IN, ]
PR FERE, BB > 1, WKL
B, TP IS E L IL B3, X T A = 1,
A AE T — A5, AT RAV N Z AR 4R $MAE AR 111
Fi. HERGE IR (4) 5 PT X %, Hopf-link
B Z PT BEA SRS, 9T 30 IEX — £,
FIEREE (4) PN — Bt HY = nos,
HYULQ AL, I G 255 & (4) (9 P, T X FRPE
PIWROIR, (A2 AR FF PT B X ARIE, SEIn R &
n WIXGIN, REF G A B WAL, JF HAL T A BN X
(R 27 BB AR AL, SR, 15 AR IRTE il XA i
S5K, A ATITRERR, WK 8 (b), 1X 3 HF Hopf-link
S54052 PT A M FRPAE IR MRS I EL L.

K7 Hopf-link -4 8 75 55 — i HLIK X (1) Bl 45 4y (2]

(a) EEFRREXE [—n, 1) NIBBW k. 13

SRR, F RO A S A 5 Hoptlink 4 JREU1 2L, 9 T 0 Hu22 1 JE R AL 45 1, 7T LA 5
(s ky) RGN [—10/2,71/2) X [—1/2,7/2); (b) M EBIFBH x 4 HI%T —3, 0, 2 B B2

Fig. 7. (a) Measurement of the band structure of the Hopf-link semimetal in the first Brillouin

zone. Top panel: contour plots of the energy gap with varying k. gradually in the range of [—m, .

Bottom panel: By collecting all these contour plots together, we obtain the nodal lines of the

Hopf-link semimetal. To image the gapless band structure clearly, we set the range of (kz,ky) as

[-1/2,1/2) x [-1/2,7/2). (b) Nodal lines obtained from the measured energy spectrum for various

x- From top to bottom: x = —3, 0, and 2, respectively

(26]
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8 PR AAT IR AR A T TR 4 R (26]

(a) I H] = Asinkyo /&, Hopf-link 42 & 1 link-unlink

22, WEFIH S HAZHN = 0.5,1.0, 1.5 N H LA B, EWMBEIEHE, X = 1 AIEA A, PRI — 5 (b) 5l
AWAR HY) = no3 I, Hopf-link )@ IFHIMEE N, WEBIG 3 AZHn = —0.5,0.5, 1.5 I KT LA B
Fig. 8. (a) Link-unlink transition of the Hopf-link semimetal after we added H] = Asinkyo1 to the Hamiltonian (4).

From left to right: nodal lines with A = 0.5, 1.0, and 1.5, respectively. As predicted, A =1 is the critical point, where

two nodal rings only touch at one point. (b) Stability of the Hopf-link against the perturbation of H) = no3. From

left to right: nodal lines with n = —0.5, 0.5, and 1.5, respectively[

WIAZ T — DN H R IR R 5 ORI
fiE&:. & Hopf & 4 bV 0 1 40 $h s MO & 36
B Ee BiEE N E RGNS HUE A %R
& B A AR B 1) Berry AHAL 1 A1 315 S 1 15
BBl R 4 A VAT RS R o & Berry A
A7 — 43 5 (8 14 i 12329,

WY (a) frox, X T 2 AR SEE, F0A47 75 2
FEAT BN X N % vH— 5% %F i Hopf 8% (1) 4 1 #% 12
DLl & Berry AH A7, 1 i 88 A 28 B st A4 ik 72t
B 07 K R, HOER 10 R AbR BB 4, % i Hopf
B, DIk T Berry AHAZ , BH K €8 R 26 b5 3 S 47,
X Berry #H L% A k. FESLIR & E b, 22K
By & 2% (6] 1) [0 % WO 31 S LR R S8
B, AR b, B R bR & 1 [H % 5 Bloch Bk
&85, Ak — Mt v BLs vk — 25 It

26]

2 LU i 4R B A, WU M 26 1 BX {02, 2, 2.} =
{sin@cos ¢+ A1, Agsin ¢, cosfcosp+ Ay} FH 6 €
(0,1, ¢ € [0,2n] MK AL SR, #Id S E A A
Ao, BIATAEAT B DX A4 3G AT Ae] 358 A Bt A, 31X BLARAT]
FIF Ramsey T H AR, Wl & 44 #1435 16 J5 1) Berry
FHAL. IR S, W AR S K 7 A 3 AR
FrE. K9 (d) o, £k, = 0k, #i#s)
LOMBLINAE, JE ARG 7T 28 1) 1] 2% A F R
GUEATTE, WA UTHALAE by = /3 RIRHI T
A2 0, X FRILEIR AN Im s, S 807 7] 1) 3 P B A2
ANFRMHZL. [FIN, W AE by = 0PI k. BiA
BNl AR GEAL (07T 2 (1) [B] B T 46 A 2 i (5
2%, 1E k, = 7/2 W Berry AHAL AR B O BRAE 8 — 7o,
g5 b, AR5 — A1 HIH DX & 1) Berry AHAZAR 4 i 4
B 7 Hopf B I#Fh .
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(a) (b) 2,

C Tomography
(e)
(@ o
1 otvo
3
5 o | o
&0 o o]
[¢]
0 n/3 2n/3
< ky
1 12220°%a0000000% %0
3
oo
2
—1
0 n/2 n

k.

9 HIiE A I BRI B Berry ML (26]  (a) 7E55 —A5 HLIH X AV — 453 PR A (ME4R) T E:AH B 1 Berry FHALI
LTS (b) BT HWHRHES (a) i) & 23 (R AH X B 10 2 4020 18] R AL R AR (o) & 7 LERRI (b) s i
AT AR B 19 Berry AHALRIE 777 %5 (d) Berry AHOZ AT AL EE A2 IR IRPE, SEB0II& T = A8 ) Berry AHAL
fB: 1, =1 F10; (e) Berry HIOZI35IMEN ky (L 1BT) A Ko (R ET) B BREL

Fig. 9. (a) Schematic of an example of closed path (dashed line) in the first Brillouin zone to accumulate
Berry phase, from which the linking number can be characterized; (b) evolving path in parameter space of
qubit mapped from momentum space in (a); (c) schematic of time profile to probe Berry phase accumulated
from the evolution in (b); (d) dependance of the Berry phase carried on the loop of the closed path, there

are three typical values: T, —m and 0; (e) berry phase measured as a function of k, (top panel) and k. (down

panel), respectively [26]
1A]) T DLk 1)
5 EiEA 1 A S Maxwell & H(K) = RS) + RyS> + RySs,
LTI 5 L7 L B T LS — 2 5 1 O R = sinke, Fo = coshy,
g8, BN, sOEE B SR BTk SR T Ry = A+2—cosk, — cosky —cosk., (D)

7z e, IR TIE, /£ = Eal® BRI A KK = (ko by, k) RN UESN &, AN ESH,
(1 BE 7 285 4 TFORE B [/ T Dirac 90K 5 50 Weyl Ri(i =1,2,3) NHANE-14FE.

PR B B ok —— U A e ok B0, T bR R 0 R, R S E I A,

— M EAREMERROR T B iE-1 A ek T P — A BN XA/ = agr, P ReEANE

fiy ey 5 B (K0 T B4 Y ) £ HE Sl B3 1] (R K f¥) 77 (flat band) 7 T 53 4h P A BE 4 th ). 7
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%%,ﬁiﬁﬁﬁ%*ﬁﬁ%ﬁﬁ AP A= T
Al < 1, B A WS = E i IF AULE
My = (0,0,:I:arccos/l) Ab, TE My Mt T A RE
RN H(q) = 151 + q252 £ agsSs, HH,
a=V1-/12 ¢g=K— M. ZhHE5#HEET
)30 & 7% () Maxwell 77 F2AHAEL, (R GAR AR R 1 i -1
TCI R AT H B & 43 18] Maxwell J5 F2 4 R i 1B132,
XA X b, BT HE-1/2 RS Dirac ;2
N Weyl fi, =5 & 3 sFR N Maxwell £

BH 1 B %25 5 AR 1) H e -1 RGAFAEH A
YoE I A RN, 4 (A] < 1, RGRer

BA — X Maxwell &, B 4T Maxwell & J&HH, 24
|A] > 1, RGRERIFTIF, RIALT3R4h-F 4248,
TR TR Al = 1, BiAS Maxwell 249, RIGTERE
DAL R, R RGRA T HRIMEAE. AH
PR LR PR i iy 285 A6 1 1] 10 P,

0] DL PR A2 5 A B2 53 B Maxwell 42 )& .
MRAIETL JUAT, Hid Maxwell £ My ) #0 dhos 428
72 Chern 4, Chern #(nJ DL #)) & 7% 8] v 3 P %
S EWT A 7> Ko

1
iz_#Fi.dS:ﬂ,
2n

o/ N® @

M,

1
\
S

-axwell metal

Topologlcal transitio:

Ky

10 EBE -1 JGHOR R G0 AR B R 3 4 EOW A g (93]

_om—

(a) EEBE-1 THK RGR T SH AR, NEFIH: 2

|A| = 0B, RGALT Maxwell 5J@4H, HLEFAENE H I — X Maxwell /5; 29 A = 1, RFERELIMEE, B Maxwell 5
wif A =2, RGELTIHANT NG, JNRERITIT, Maxwell iH%%; (b) &)@ -5 A ST AMER 257 (1) LT E

WRRE, HIRIRE S

W 2 J7ERAE A BEE, Berry WRBARINET R SIHINFHMEEARBIAR, HA=0 (4> 1),

Berry iR B 564 (A5 4) SR, &0 hl4 i Chern 8 Cy = 2(Cy = 0)
Fig. 10. Phase diagram and geometric illustration of the spin-1 Maxwell system (331, (a) Phase diagram of the

Maxwell system with respect to the parameter A. From left to right: the energy spectra for the Maxwell metal

phase with a pair of Maxwell points denoted by M4 (A =

0), the topological transition point with the merging of

the two points (A = 1), and the trivial insulator phase with band gaps (A = 2); (b) geometric illustrations of the

topological difference between the two distinct phases when the spherical manifold S moves from the degeneracy in

the z direction by distance A. The Berry flux vectors are schematically presented by arrows, showing the different

signature textures for the topological and trivial phases: the vectors fully (do not) wind around in the topological

(trivial) case with A =0 (A > 1), giving the Chern number C; =

2(Cy = 0).
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Hrp [y RIR Berry #i2%. [RIIL, $H4MHAR AT PLHT 2
R ERT I 2 77 R4 BE B A B 33
. WE 10 () R4l < 1, ARG T AHET
JE FH N LA Maxwell 42 J84H, Chern 3 Cy = +2,
Al > 1, RGAT BA VB AT 1 4240,
Chern % C4. = 0.

FIFH B 5 & 7 B o IR B, BT BA X
Maxwell 4 J& HEATHEFABI. 5 BEKEL/2REAN
], BT MEHEHK) = RS, + RSy + R3S3,
R B ER ] — N =(e g RGBS E R, W
FHSETFHEE - NEZRARS, ZLKTHER
A E AR AIPUANBERS, 128 (0), (1), [2), |3), Hr
0) VE AERBIRERS, (1), [2), |3) STk L, Mk
BB G B, AN — M, T M, TEAR
AT LA ky = 0. 568 REVILRILLE [0) &, £45
5E ke A K, BIIRBI G R, RGEMIARKES N |04) F1
|£), — BRI KR R G0 |0) 25438 B AE

A, I 2 R R S R g BP RS B Re . o
ko f k., AT LA 204N [F] GE 3, B e N Ky R K,
()R Y, BOAS %0 FMA R AR5 — A BLIH X 1) 5
RErahp, W 11 fon. 510 B 45 R — 5L,
J& H e -1 1) Maxwell R4 4R IMEFKET A.
Bl 11 (a)—(c) Frow, it seasmr DO & B A R %R
) AR RERE. ST A = 0, RGiALT Maxwell )8
FH, AT (0, £1/2) B — X Maxwell FAE ky-k, “F1H
UL E]; 24 A B8R 1w, PIA Maxwell /54 I,
R T HAMEAR; A A B30, Maxwell
RAEREH OV R, RGN AL, il
& Maxwell 25 B #H &k, = 0/ E-k, P18, AT LA
7 BT S O B AR AR AP 11 (d)—(f) B, e
LR IE AT DU B BIAMERE R Ey, IEWBEIR TR
T, A = 1E, A0 R T 1 Maxwell 21

().
o
i
>
20
-
L ——
[€a)
1/"-“‘\\
\ E . . &
/ \ // ‘kw - .
ol o Sl T8 4l —6 b : 0
—1 1 —1 1 —1 1
k./m k./m k./m

Bl11 SERFrlaE s 331 (a), (b), (¢) BARBHA =0, 1, 2 1 REVES —A0 B X M52 A 451 (), (e), () %
RS A =0, 1, 20 RGEEQE Maxwell BB ke ~ 0 8 E-k, ~F I B8 4514; 7E Maxwell <5 JF AH AT LW )25
PEOEOR R, BB THE A R R L 0R

Fig. 11. Measured Maxwell bands [?3]: (a), (b), (c) are band structures in the first Brillouin zone for A = 0, 1,

2, respectively; (d), (e), (f) show the corresponding cross sections of band structures containing Maxwell points in

E-k. (ks =~ 0) plane of (a) to (c). A linear dispersion is observed in the Maxwell metal phase. The theoretical

calculations are plotted with the red dashed lines.

0 H e -1/2 R 481 Berry f1R 1 8)) /) %
TR 2 A -1 24084 AT LU Maxwell 54
) Chern #. X 4 4 Bh B8 2 A X AN I = H A 75 757
B, Rk R R EBGE S Transmon H1 AR 1 =4 g
2, A aie A1), |2), [3). 7E S Eas 1A BR i i

T A T — 25 B F Maxwell f5 Moy 1) P A (8] 2.
A — ek, S8 AT DLIE {19, 213, 203} =
{sin @ cos ¢,sin @ sin ¢, cos O + A}, H A0 € [0,7],
¢ € [0,2m] Ay BRI AL bR, I8 I ] A W) 4G = RE K
A (12)+i]3))/V?2, B S BIAERS, {6 b R A7 A
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fr FAE s RJA, BRI 06 RGN T £ IEHEE G, FEXT I = RER R G AT RN, XHE
¢ = 0 HELEIRGEAL. F)E, FER Al frecasure 15 & tmeasure, TATHLUEIE (Sy) KIE T Berry

(8) Initialization Quasi-adiabatic evolution = Tomography (b)3 t=0 7Rz [2) +i|3)

13 77— -+
Thneasure Time
i

Qutrit
drive

Cavity
probe

<
-1
—2
-3
T T
Degeneracy
=
GJ
2
=
=
=
=]
=
Q
=
O
-1
1
| i
1 1
-2 : :
1 1
1 I
I I ] ] 1 I I
1

12 R Maxwell #f) Chern %1 23] (a) RRM i Chern BHITEMIN =& R T (qutrit) MIHASHL T (12) +1|3)) /v2, WSk
PR T TP LML IRIR AL, LI 18] teasure TR ARSMUZHT; (b) =AM AKREGAR & OB THIELE B e -1 RS R 2
B, BT RO 7 A R GHESHE M ERTIRUE LT 2 ¢ = 0181L; (c), (d) BB BNRIER 0 1 A FIREU Berry 24k
GEEIOR LIRS (e) R WERBIRENSH A RKBREEK Chern 8, 24 [A] < 1, |O1| = 2 RN RGHA I THEHIE
T, BIRGAL T Maxwell J@A0; 24 [A| > 11, |Cx| ~ 0, RWRGEAFREHINEMA, B RGA T AZA

Fig. 12. (a) Time profile for the measurement of Chern number. The qutrit state is initialized at (|2) + i|3))/+v/2 and then
evolves quasi-adiabatically during a non-adiabatic ramp, which is followed by state tomography; (b) three lowest energy
levels {|1),]2),|3)} coupled by pluses Rg,y,- are used to construct the spin-1 Hamiltonian, and the pulse sequence results
in a parameter-space motion along the ¢ = 0 meridian on the spherical manifold; (c) and (d) The measured and simulated
(with the measured decoherence time of the transmon) Berry curvature as functions of 6 and A. The oscillation pattern
suggests a non-adiabatic response; (e) the measured (circles and diamonds) and simulated (solid line) Chern numbers as a
function of A for the Maxwell points. For |A| < 1, |C+| = 2 indicates the Maxwell points in the topological Maxwell metal
phase; for [A| > 1, |C+| = 0 indicates the system in the trivial insulator phase [33].
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M, A = 0, 3236 W43 X F Maxwell s
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SRR, FL b, FIH EIREERL e mT e
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SPECIAL TOPIC — Quantum states generation, manipulation and detection
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Abstract

During the past decades, the exploration of new topological material and the study of their novel physical properties
have become a hot topic in condensed matter physics. However, it is hard to realize various topological materials and
observe their physical properties that have been predicted theoretically due to the limitation of experimental techniques,
such as fabrication, parameter control, and measurement. This situation makes quantum simulation a way alternative to
simulating large quantum systems. In general, quantum simulation can be implemented by some controllable quantum
systems. As a kind of all-solid state device, superconducting quantum circuit is an artificial quantum system that
has great advantage in scalability, integration, and controllability, which provides an important scheme to realize the
quantum simulator. In this paper, we review our recent results of quantum simulation in the space- time inversion
symmetry protected topological semimetal bands, Hopf-link semimetal bands, and topological Maxwell metal bands
with superconducting quantum circuits. These results show that the superconducting circuit is a promising system for

simulating the quantum many-body system in condensed matter physics.

Keywords: superconducting quantum circuits, quantum simulation, topological quantum material,

topological phase transitions
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