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Fig. 1. (a) Three index tensor I, singular value matrix A
and particle number n; (b) An U(1) symmetric iMPS rep-

resentation.
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Fig. 2. The process of update the U(1) symmetric MPS (a) applied gate U on the U(1) symmetric MPS, then contract the tensor

network (a) into a single tensor © . We compute the singular value decomposition of tensor @ , and get the new tensor X, Y Fll XB

and particle number 7 as in (c). (d) Insert inverse matrix and restore the original tensor structure, we obtain the new tensor I'A, B,

AB and particle number 73, as in (e).

N T RUEX AN, ARSCOEE T AR A ier)
T XXZD B, S0 B B A i AR A% i ) A
FHEAEH, H ARG I S A

H = (S757,1+S/S}, +AS7S71)+D(57)%, (1)

Hp 8o (o = z,y, 2) /&5 i MR LI A TEHRE, A
1 D 4y B s f ok 745 m eS8 B, H
€ S = 1/2, 1A 45 ] M XXZD BRI )
EWHS, TE4 7 ST I B £ 5 S AH A

3 Al vayst #R 8y IMPS £ % 3£ K
Luttinger K % %

A R AR U (1) RERR 0 IMPS $ 2%
MU LK P90 Luttinger WPASHC K. B IMPS
S, NI TS I R R R
M A O 3 25 1o

£~ ax", (2)
e S B G A, I B R X
fuﬁﬂﬂ&(2>ﬁ$hﬂ&ﬁ%%%%%%
fEE — KOMEE Z RAIEAE. X T —BA U)Xt
FRIOZSE, TEIG TS 5 5h RIS
£ Luttinger Blk S5 K. 761 2K Z 50 FH
BT A M TV T b

F=3 0P = 3y O, ()

n i

Horb 0 SR TR ME ARSI R
H A RETERIE ST A0, 7N R
Rt x A — AR SR R S R 150

Kk
F = ) log(x) + const, (4)

ARSCE FE R U (1) X A% 0 BIR 6 B 3fe FRAS T
% (iMPS) 13- 37E Luttinger WA Al 3L 2530 ok
. SR IEE I Ay kTR F AU BR 2 2 B R
Bk R R Luttinger A AL K.

3.1 BIE S=1/2 §y XXZD #&#

HARWIRED =0, AlES =1/20914 0L, ),
(1) P RGN H G & T XXZ AR,
AR S MBI C 5. A e
S = 1/2 1) XXZ HAL RG] figt i) 21, XXZ A AL
LA TS A= 1 hEAET -8,
XTI A 4% 1) S PR R v AR BR A A s 45 ) S I
R S A = 140, RERANRE—1 BKT #1748, 4
B S AT -1, 1| X3, R T ICRERR
B XY AR, I, REEH Luttinger A S
K JEREHT R K = (n/2)/[n — arccos(A)].

[ 8 & [ FYESE D = 0, MUK 10 B S AL
ATE[0, 1AL, anl&l 3 s, Wi 3(%4) B,
ST PATINE BRELE ~ ax”, 7R BN 25 A
X I B AT FR M bR BE 45 4K o Horp (a) o = 1.11,
k=1.359, 2% A=0; (b) a=1.206, x=1.316,
ZH A=025; (c) a=0.9428, x=1.331, B

160201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 16 (2019) 160201

1000
0.45
800
600 0.40
w <
400 0.35
200
A=0 030 A=0
0
0 50 100 150 2 3 4 5
X (@) log(x)
800 0.40
600
0.35
up
400 R
200 030
A=0.25 A=0.25
0 0.25
0 50 100 150 2 3 5
X (b) log(x)
600 0.35
w 400 .
0.30
200
A=0.50 A=0.50
0 0.25
0 50 100 150 (c) 2 3 4 5
X log(x)
600 0.35
400 0.30
i I,
200 0.25
0 0.20
0 50 100 150 (d) 2 3 4 5
X log(x)
500 9 0.30
o ok
L o
W 300 ,,O & 0.25 djg
200 O/ ,OO
’ ¥e]
100 8 Y 020} o
A=1 A=1
0
0 50 100 150  (e) 2 3 4 5
X log(x)

K3 TEARERZEEMT, HIES = 1/2 19 XXZD SR IR BE ¢ K% F 2@ g5 x kg, Hob, 28D =0
Fig. 3. Correlation length ¢ and fluctuation F of spin S = 1/2 XXZD model as a function of the truncation dimension x for vari-

ous parameters A . Here, fixed parameter D = 0.
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Fig. 4. Correlation length & and fluctuation F of spin S =1 XXZD model as a function of the truncation dimension x for various

parameters D. Here, fixed anisotropic parameter A = —0.5.
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Fig. 5. Correlation length £ and fluctuation F of spin S = 2 XXZD model as a function of the truncation dimension x for various

parameters A . Here, fixed parameter D = 1.5.
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F 2 ANES = 1) XXZD BRI FIX K Luttinger
BIESE K, FESHA = -0.5

Table 2. Estimates for Luttinger liquid parameter K in
the critical phase of spin S =1 XXZD model with the
parameter A = —0.5.

D -0.3 0 0.3 0.5 0.6

KH] 3.3679 3.1275 2.6834 2.4126 2.2745

FOHHMMEREESH D > 2K, X
AN XS5k N 114 2 8505 R BE A5 Bl e B A E 1/2 1)
XXZ FERY HXF W A Luttinger WA S 80 Ktk
WA KGR, SCEK [18] H, DMRG 45 Hi 1Y Luttinger
WARSH K = 3.086 +0.0027E S 55 (A= —0.5,
D =0) 4k, H:rp DMRG J5 B:ARAF T 400425, 7F
XASHOE L, & 245 BB Luttinger K 2%
K 451 5 DMRG $EA5 R A AR 2E /N T 2%.
R BEUE (A=—0.05,D=—5) Fl (A =—0.5,
D =0), 1533 B EE 25 R 53 5 5 84 fig F1 DMRG
BEEZE BT, MIXRHRIEY /N T 2%, M 2B
FIH U Q)X FR B iIMPS (95 35 3R B A E S = 1Y
XXZD 15 #7E HoAl S 505 AL ) Luttinger A S
K Mas R R AT SR, kA, sk 2 T LIE
FERCIG A X N BB S50 D 3N, Luttinger {4
SR K BN

3.3 HIiE S=2 1 XXZD &%

AN, FATAIFE T S = 2198 T XXZD HJiE
BE. XTFABES = 28 7 XXZD &R, HAjL R
DAY, A SECT RS HH BN 2R A
CHk [23] 2 F DMRG B LA H T A>0f
D> 0B TS ME. HIESMHEMLR: xy
AH . even — Haldane FiFI S #mifAH. & 5 /4 1T
ANEFERZSET AN 2 1) XXZD AR E B
JEFN 531k, BT B AR5\ i pR A H
ESED =15, FE XY HTMESE A K 5(4)
S5 T ORIK E SR R Z RIS AR RE R
BRI G TR € ~ ax”, THEIA R ZEL A XS
1A BR A AR FEFR L s MBUESS R (a) a =
0.6438, k=1.298, B A=04; (b) a=0.6199,
k=1.277, %A =08; (c) a =0.5916, k = 1.273,
B A=1; (d) a=0.5316, r=1286, ZH A =
1.2; (e) a =0.458, k = 1.284 , ZHA = 1.6. [ 5(F)
A3l g A TR 2 5 A% R Y 3k 7 5 AT

YRR (B FR . kv A T2 i 7 I Ak
B W 4B — DX R BB E LR F o~
o og(x) + b. BRI R BV A4
B (a) Kr/(212) =01771, b=02, &
A=04; (b) Kr/(2r%) =0.1632, b = 0.2126, %
A=08; (c) Kr/(2n?) =0.1554, b= 0.2261, S
A=1; (d) Kr/(2n2) =0.1534, b = 0.2202, ¥
A=12; (e) Kr/(2n%) =0.1373, b = 0.2571, B4

A=16. HItL, 52 AIES =20 XXZD A7
XY fH Y Luttinger ASEL K, W56 3 Fis.

# 3 HE S = 2y XXZD 58 E I B X 1Y
Luttinger WS K, FESH D =15

Table 3. Estimates for Luttinger liquid parameter
K in the critical phase of spin S = 2 XXZD model
with the parameter D = 1.5.

A 0.4 0.8 1 1.2 1.6
K[§fH] 1.652 25227 24096 2.3546  2.1107

HF T 2 A U (D) XFR B iIMPS #9532 80T
HiE S =1/2H18 =1 XXZD £ B! 1Y) Luttinger
WIARSEL K, IF FR TS24 5 03 ) S5 oK i 45 S A
A DMRG R 17 T I, HARXTRZEE /N T 4%.
XFEA UL TR U)X RIS IMPS 1 772 E
Luttinger A SEL K 201714, Bk, R A TT
PR BUE B Luttinger ARS8 K 43k 3 sy
EOURTAERY).

AR} ) R T XXZD R AT ST B
MRS HA UQ)X PR, A H U)X FR B
iMPS (1) 77 % 0T LA B 3 B TG B8 B AH i
Luttinger IAZH K.

4 B %

ARTORE U (1) RPRPERSLHIE] IMPS #9585+, 1
T ZH SR R 2, S T IFRACR, I
MR TR LT s ks s
BKVE LRI PR LT AN GERRIAR AT N, 5 &
GRS A R R B AR B R &R, A REOR
Luttinger JIAS I K 54 FRENJEHR AR < BT
. N T $EH Luttinger ASEL K BA 10 HIBESE

160201-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 16 (2019)

160201

TS =1/2,1, 2095 7 XXZD A ekt 5%, A
U (1) X% 1) T BR A B e FRAR 5% (iMPS) 15 21 78
Luttinger WA A4 A% pREL. LUK, I FH DGR
K 5 R AR B 56 2R LA S — o kTR S RN 4R B
A R T4 [0 51 XXZD H esE7E IR FL1X
BN B Luttinger WA SE K. X FHIES =1/2
RIS, EESED =0, M EAY RGN N &
XXZ AL AE XY #ih Luttinger AR S HUEAEH
AT, PRI (R B 25 5 S5 RS 00 A S AR
FHXF IR 22 /N T 4%. X T ABES = 1EM, & F
XXZD BIRLEA —~F 5 ISR xy A
XY1 R XY2HH, 7EXY24HH, 2 D < —2 0, XM
RUAT DL o 38— A~ A e 1/2 B9 XXZ A et A
YHETSH A (A=-005D=-5)4 K
Luttinger AZE K = 0.991. 3% 5 e 3] [
JE 1/2 1) XXZ AR X R (RS ) Luttinger ¥R {4
S8 K =1, Il DMRG FiEA B LR E K =
0.9976 + 0.0004 . 73X NS E i IR0 25 5 53 5
LikGufe A DMRG PS5 RIEAT T HE, MXHR 2
PIUNF 1%, fES 805 (A= —-0.5,D =0) &b, 153
() 45 5 1 DMRG 11 45 FAH HAH X 5% 22/ F 2%.
Ak, BESE A =05, BB D, HHE T
XY F Y HoAh— 88 5 ) Luttinger TR S5 K.
g, T BN S = 20 E T XXZD AR
—EZ BT XN ) Luttinger WAASE K. 5745
R Y ARG HA UQ) M FRYERE, B U)X FR
1 iMPS (1477501 IR BCCRE B AR H ) Luttinger
WIARSE K, X MR Luttinger IS5 K $241t
— Tl 110 S B RN 5 v
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Abstract

We numerically calculate Luttinger liquid parameter K in the anisotropic spin XXZD models with spin
s=1/2,1, and 2. In order to obtain groundstate wavefunctions in Luttinger liquid phases, we employ the U(1)
symmetric infinite matrix product states algorithm (iMPS). By using relation between the bipartite quantum
fluctuations F and the so-called finite-entanglement scaling exponents «, the Luttinger liquid parameter K can
be extracted. For s =1/2 and D = 0, the numerically extracted Luttinger liquid parameter K is shown to be
good agreement with the exact value. On using the fact that the spin-1 XXZD Hamiltonian with D < —2 can
be mapped to an effective spin-1/2 XXZ model, we calculate the Luttinger liquid parameter for the region of
D < —2. It is shown that our numerical value of the Luttinger liquid parameter agree well with the exact
values, here, the relative error less than 1%. Also, our Luttinger liquid parameter at A = —0.5 and D =0 is
shown to be consistent with the result form the density matrix renormalization group (DMRG) method. These
results suggest that the U(1l) symmetric iMPS method can be applicable to calculate Luttinger liquid
parameters if any system has a U(1) symmetry for gapless phases. For instance, we present our Luttinger liquid
parameters for the first time for the spin-1 XXZD model under the other parameters and the spin-2 XXZD
model with D =1.5.

Keywords: infinite matrix product state, Luttinger liquid parameter, bipartite quantum fluctuations
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