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Fig. 1. (color line) The single particle energy spectra of the period-two anisotropic XY chains in a transverse
field with different « for: (a) @« =1; (b) a =0; (¢) a« = —1. Here v = 0.5, N = 500.

180302-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 180302

3) HBa=—10, RGIE
b \/(1 —’)/2)((32082k+1) (12)
WEIRERR ARE. B 1 (c) 4 T SRS T T A
h TR LI AR ST SR e AR T (c) BATTHT A
KIL, 150 < h < /120, BRFREIE S AW
AR, XFRE N EREB A 2 h > /1 — 42
I RERR A XK T%. B, RGRIMARIG F LN
ho = VIZ 7. i
MU, o # —1F1 o = — 1 %8 B2 (FIRL AL Fr A A
AT AR, THZ o = -1 REGHI
TN EREBRIIA, IXAEGRATEE— DB TT, DL
SE AT L AT B S 3R GE ZE AR AT N

3.1 kBEeREFHEE

NPT (EHRE o = -1HET) RE%
FHEPEBROF B E A, AT T8 T RGEKRER
WK H O™, CY 5513 h R & 1R SRS 80y A2 fk
KA. N, g MR PSR N = 500(CE K
HEMSE R —FER) I SR IBC R BB T 45 2R

1.0

El245 T Z 8o WA FHME R, XY A K
C®, CY KT h Ay R BB IE D, AR — Mttt
Pa=10-1. F2()ME2(Db)ERa=1K1H
oL, B 3 5) XY B8, mT DUE BIREE h(A R
—PERLy = 0.5) K, RGHFM, (C* > CY)
FAZ N PM(C® = CY = 0) M, FHAE S A he = 1, Xt
Vi F) A Tsing AHAS; 240 < h < 1 (RR— MR
h = 0.5) B BEE v KD, RGEHFM, (C* > CY)
A NFM, (C* < CY)M, A H Ny = 0, %t
N7 25 1 S AR AR B2 () AR 2 (d) T
a=0fFa £ 1WHEMN), RIEL < he,
v > 0XIC* > Cv, XM FM, #; fEh < he,
v < OXIKC® < O, XL FM, #; 75 h > hey X35
C* =CY =0, R PM . ko =1 (HHXY
B Fl o £ L1 RIS OL T RG M C®, Cv, nl A
EATHIAHARAT AL WY E RIS KT, RGEK
A [ #2 Tsing #1748, JF H R G2 55 i B0l 45 1
gt (1) S22 A G 14 h < hey B
NG ~ WM TT ), RS I S R UR AR T &
PEEGAR,

0.84

0.6 1

c Oy
, C

8 4
O 0.4
0.2

0

1.0

0.8 1

0.6 1

z vy
, C

0.4+

0.2+

04

0.08

0.06

Cy

0.04

0.02 4

0 4

h(y=0.5)

0 0.2 0.4 0.6 0.8 1.0 —1.0 —0.5 0 0.5 1.0

v(h =0.5)

2 (MTIRE) o BUNFEIERS, 8137 & m a2 808 08 — 00— 48 XY B A KAESCIBR R 0 55 T h Ay 1
BAES  (a), (b) MR o = 1 11T (c), (d) WM o = 0 ST (e), () XM a = —1 MfHE
Fig. 2. (color line) The long-range correlations of the period-two anisotropic XY chains in a transverse field
with different o as functions of v and h for: (a), (b) @ =1; (c¢), (d) a =05 (e), (f) a = —1.
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Fig. 3. (color line) The short-range correlations of the period-two anisotropic XY spin models in a transverse

field with aw = —1 as functions of h for: (a) The solid and dashed lines correspond to (03; ,05;), (05,05, 1);
(b) the solid and dashed lines correspond to (o8, _,0%;), (65,08, ). v = 0.5, N = 500.
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Fig. 4. (color line) Phase diagram of the period-two anisotropic XY chains in a transverse field for: (a) a =1,

a=0; (b) a=-1.
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Abstract
The quantum phase transitions of one-dimensional period-two anisotropic XY models in a transverse field with the

Hamiltonian

N
S ) -

where the anisotropy parameters v; take v and o« alternately, are studied. The Hamiltonian can be reduced to the
diagonal form by Jordan-Wigner and Bogoliubov transformations. The long-range correlations C* and CY are calculated
numerically. The phase with C® > CY # 0 (or C?Y > C® # 0) is referred to as the ferromagnetic (FM) phase along the
(or y) direction, while the phase with C* = C¥ = 0 is the paramagnetic (PM) phase. It is found that the phase diagrams
with the ratio o # —1 and = —1 are different obviously.

For the case with a # —1, the line h = he1 = 4/1 — [’y(l - a)/2]2 separates an FM phase from a PM phase, while
the line v = 0 is the boundary between a ferromagnetic phase along the z direction (FM,) and a ferromagnetic phase
along the y direction (FMy). These are similar to those of the uniform XY chains in a transverse field (i.e., @ = 1).
When o = —1, the FM, and FM, phases disappear and there appears a new FM phase. The line h = heo = M
separates this new FM phase from the PM phase. The new phase is gapless with two zeros in single particle energy
spectrum. This is due to the new symmetry in the system with o = —1, i.e., the Hamiltonian is invariant under the
transformation o3; — 0¥, 1,05, — 05,4,. The correlation function between the 2i — 1 and 2i lattice points along the x
(y) direction is equal to that between the 2i and 2i+ 1 lattice points along the y (z) direction. As a result, the long-range
correlation functions along two directions are equivalent. In order to facilitate the description, we call this gapless phase
the isotropic ferromagnetic (FM,) phase.

Finally, the relationship between quantum entanglement and quantum phase transitions of the system is studied.
The scaling behaviour of the von Neumann entropy at each point in the FM,, phase is S ~ élog2 L+ Const, which
is similar to that at the anisotropic phase transition point of the uniform XY model in a transverse field, and different

from those in the FM, and FM, phases.

Keywords: period-two anisotropic XY model, quantum phase transition, isotropic ferromagnetic phase,

von Neumann entropy

PACS: 03.65.—w, 75.10.Pq, 75.50.Gg, 68.65.-k DOI: 10.7498/aps.66.180302

* Project supported by the National Natural Science Foundation of China (Grant No. 11575087).

1 Corresponding author. E-mail: mzhong@njnu.edu.cn
1 Corresponding author. E-mail: pgqtong@njnu.edu.cn

180302-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.180302

	1引    言
	2模型和公式
	2.1 关联函数
	2.2 冯诺依曼熵

	3结果与讨论
	Fig 1
	3.1 关联函数和相图
	Fig 2
	Fig 3
	Fig 4

	3.2 冯诺依曼熵
	Fig 5


	4结    论
	References
	Abstract

