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Bond operator theory of antiferromagnetic spin chain
with bond alternation and anisotropy
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Abstract: Based on the bond operation mean-field approximation, the effects of bond alternation and
single-ion anisotropy on an S=1 antiferromagnetic spin chain were discussed. The energy spectrums,
free energy, static susceptibility and specific heat capacity were obtained by solving the self-consistent
equations. The system can be transited from gapful to gapless which means the existence of quantum
phase transition. The phase transition can be induced by bond alternation at a=1.39 and anisotropy at
D=—0.35 respectively. The critical points of these transitions are qualitatively consistent with the
previous numerical results by other methods.

Keywords: bond operator theory; antiferromagnetic spin chain; anisotropy; bond alternation

UCILFAFK, R AYERE 2 G2 BER S Y B P Y
— N E R kv 7R AR AE L A3 5 2 T B
R IGE, WRLTARBARTT 9 0 A e B IR 30
HIZE . i FAERR SR R BT iR S,
A% it [ T i 20 408 ) A R B S BRI PR B 5 | R T

145 H #A: 2020-02-28
F—1EE. 555 (1991-), B, m--5EA. W5 m
BIEEE: 5

WHREITZ K. X T —4E 2 mK, Haldane™
feH, BECH BRI R S B A A RARERT, M
PR A e R TCRE IR Y . ORI R B e
IOENCRER CSESE IReaY GINE TS 7 I e
5 . S=1 1Y F e —E ry el (S Sh A ),

: RIEERRESE . E-mail: 397060596@qq.com
sh(1963-), J, #H¥z. BRI REKEE%E. E-mail: chenbin@usst.edu.cn


http://dx.doi.org/10.13255/j.cnki.jusst.20200228002
mailto:397060596@qq.com
mailto:chenbin@usst.edu.cn

608 o B TR 2 2 R

2020 4F £ 42 4%

X — O TE S=1 BREYERTEL Ni(C,HgN, ),NO, (Cl10,4)
AR FRESEY . T AR, e N T
F9 4% 1) S 20007 R RE T 220 . BEURE T 4% 1] S P S
EE TSRS . Sakai Y WRTIEEM,
S 1/2 RS 17 A A8 T AR B0 S T 14 4% 1] 5
MBI . i P23 g B T 2
MIA5 . [, Sachdev % E = 4k ik F T Bk
Xt % T RACAREAT T2 BTG . X TRy
SRS R R IR I T AR 172 AT R
o WJE, Wang M 5T S=1 AUBESAT BE T
BT B EN 1 ARRREEE R B (R fL . Kumar
APV O Ve T B R AL RS Y — ik
9 S Bl o SCHR [10—117 8 P 5 2 o Ak 1 07
B 1) — SR A BT o A SO B B 4 ) 3 7 O 1
SRS TR BRI R th B 20 B 4% ) S
BELA . 2 T B B A 1) S 1 S=1 R 4k
A HEBE B AT T3 B T i, 158 T BRI
BT i 5 1 5 28 A R LB T T BEL 280 1 11 i
BE. BEALTRIE . SRR A LR RUE . @
SR A4 1) T 1 S B0NE T B8O T Y BT
HER

1 BEFHRTAE

TESEERAA A, BH P4 2 R 4 kb e v s
FAAERT G . BHAE R [ R B — A SR AR
B 5 A BE R R bR s AR O T A e
AR AEAE, S=1 (4 F BEHE I 25 1] 53 PR 2500
P S=1/2 19 F B BE Y 45 1 SR RS2 . NI,
FIR T S=1 SRR AR B FOBERE 094 ) Sk . B
3 590 % S BHL A4 AR B 4% 1) S M Xk B B A1 e i
HOE AU L UTh s

H=a) (S3S%,+8)S7,+RS3S50+D Y (857 (1)
0 i

Kb NP DN T 4510 S S EG
ST, SY, STHIMETEX, y, 2 T ABERGE
RO SFEER T, A SCAMAT: 6o BREEHESS
R, BRI OL T, SRS s Z 1] Y
PHESHHAE, 6=0.

3 o A e s
e BE 1) B B

S*=V2(tld+u't)

{S‘zVﬂﬁQ+§wJZ=Mu—fd

153 S=1 ) I 4k i

(2)

R, 1, d, w kRS TR

3 (2) RS 2 7 R GBI =
(1) =1, OHRTFEAFBORM TR, A HEFIAT
I THRE AP A B, T DA 75 5

20 7+ + + +
H =a/2[t (d; diys +ui sui +uidiys +d; u;, s+ h.c)+
i,0

RG] i = d] di)uf, guizs = df, sdizs) 1+

i+6

az [+ +R(-)] +DZ(ulTu,' +djdi)—
i,0 i
D uui+dldi+ 2= 1)

X, AR I a3
X PUSEAFRE A B TP AN EE, (dfu, ) =

1o+

(diniz1) = po PREIEH LR BIAHZS W] A, 1G5
i i Al LS
H= ) wiajax+BB0+ ) (x—A)+C  (3)
k k

wi = ‘[A]%—Ai

A= —u+D+2R(1+a)(1 - ) +41*cos k
A = 47 cos k—4Rp(1+a)cos k

Yk =cos k
Ay W ERRESERI S A 15 C N H R
SRIG AT B RS s 1P 4 RE

1 C
€O=N2(wk_/\k)+ﬁ (4)
3

b, N BRRE BRI B
BN EEE B2 G IR R R i)

1 A Bw
2 k k
P=2-— Y& th(——)
Nzk: o M
Ao A=A Buwk
u=— E o (1 +a)cos kcoth (T)

N
coth (ﬁ%) (5)

k
_ LS Aere
2Nk Wi,
Her, p=1/(kgT), ks =1, kg NWPIRZLZHEL, TH
ARG

2 PN TR FMERR

1~ 4 G352 A A 25 R R 145 TS P [N 1
MR BL T, BB RIBL S O T . AmBE.
AR SRR BRI . RS A S
FIaJr e, M8 7N R R T S8, 6

P=



% 6 3 FESESE A SRR AIAS 1 STk B SRR G R B B AT BRI 609
6 0.05
58 — D=0, a=1.00 —— D=0, ¢=1.00
— D=0, ¢=1.10 0.04F  — D=0, 0=1.10
A D=0, ¢=1.20 5 D=0, ¢=1.20
4 — D=0, 0=1.30 <003 —— D=0, =1.30
$ — D=0, a=1.39 5 —— D=0, a=1.39
3 A
= %
5 & 0.02
2 L
0.01
1 L
, 0 0.1 0.2 0.3 0.4 0.5
0 T 2n IRE/K

E1 D=0, ¢ BUEA 1.0, 1.1, 1.2, 139 FHEEILE %
Fig. 1 Energy spectrums with different bond alternation
parameters o=1.0, 1.1, 1.2, 1.3, 1.39 at zero temperature,
while D=0
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Fig.2 Free energy diagrams with different bond alternation
parameters a=1.0,1.1,1.2,1.3,1.39 at finite temperature,

while D=0
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Fig.3 Specific heat capacity diagrams with different bond

alternation parameters o=1.0, 1.1, 1.2, 1.3, 1.39 at finite
temperature, while D=0
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Fig.4 Uniform static susceptibility diagrams with different
bond alternation parameters o = 1.0, 1.1, 1.2, 1.3, 1.39
at finite temperature, while D=0
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D=0,-0.1,-0.2, —0.3, —0.35 at zero temperature, while
a=1
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