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/14 (2ne 4+ 1)A] > 1/[1 + (2n. + 1) e =2},
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JREDA < e HUILFR R > 1 %N

1
tanh A < ———8.
0 < tanh A < T coshy (53)

AR, (53) 34T 2 B XU & i 4 e
D 5 1 5 ONE PR X3, L% AR A, - U2
B IS S A PERERE R A S N, 3Gk i
R HAE N B T RS E AL A TR, 2R
ARSI DU 4 2 B e R DR L E, 20T 1 —
A, BRSO A 5 e 4 2
s 45 1 53 1 [X 35K

5 BB s 4 A A 508  XURE s 4 S 1R
NMGEE LA TENEBAMNREELER =
1+ (2ne + 1) e 2M]/[1 + (2ne + 1A], R > 1 £
B U AL A e 4 A 0 IR R DR FLE

6 % W

KELBINT B HRTE 0 WA A
FERS, W T8 R4 M IR % BT B TR AL &S
SRS . P PR B RS AR L. Wiign
er BAFIIM T2 2%, TATIRHTHES 7 8 00k
GRS 1) Wigner BRI, FRH Wigner 8201
5 2 5 M O 2 (A 96 2R i T 9 - OUREA &
TE GRS HO 20 SRR e, 5 H T e UL 5 T 40 A
BRI ZE (41) 2. FFFCRM, 28 A2
FE 45 302 75 2R I 09200 0 L — e ) SOUR R 40 2
e A EAE, AT M U 4 R A 1 4T B T
BT AL, I T TR A E R, W%
SRIESE 2 ¥k WA, 249875 4 BB —
RN, 55 T — 2 KR 88 I T D>
A, BT 6 T 8 SR 2 £ FE 44 S 1 2]
SRS, RN St T A TS O R T AL 7
BT (51) . BIREN: 1) B R TR
Tothls, BT >1/2, MERK A < —— 10l
WAL 2) TE/NEASEOEE P, 24290 5 i 2
R TR S0 2 A LA 2 EL7E AR

FRAR B MO, 47 i —ms < A, B, 42054
PR LI, AR T R R R R — R
WA M AR TR 2 PR SR 0, 414
BRI, MO, 2 XUREIR 4525 (4] i
AR I, A VAT 4 2 PR — i R A 5
A2, 3) 383 H e - UK P 45 4 A O 3 9 00
TR 45 Py 28 B T T 5 O (R, F 5
R, 2R G SHN A NEGEE A (0 < A < 0.5),
DLy > O, 8-S 2 TR 4 0 0 20
R IOV R A R LB T B 24 (LA KT
L T D %% I R T % A U
s AL £ T 4 A B 4 3 R X 0,
UL, XU A T 4525 2 T TR A B8
o BTN A, T 20 B A e T W s
P4 TSI, B3R A XRS5 3 a0 1
U, MG AL R R, ELIE G B R 0
SOUBLAL & JE 45 257 2 IR 4 M BRI . 7T L, AT
A DA i 31 N AA 05 Sk e B T £ 4] g
SR 24 4 S 0 T W AR B, 24
B I 7R i R R R 3
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Entanglement of one- and two-mode combination
squeezed thermal states and its application in
quantum teleportation®

Liu Shi-You Zheng Kai-Min  Jia Fang Hu Li-Yun' Xie Fang-Sen

(College of Physics and Communication Electronics, Jiangxi Normal University, Nanchang 330022, China)

( Received 9 February 2014; revised manuscript received 13 March 2014 )

Abstract

In view of the fact that one- and two-mode combination squeezed vacuum states may exhibit stronger squeezing
in a certain range, we introduce one- and two-mode combination squeezed thermal states (OTCSTS) and investigate
the property of entanglement in detail. Using the remarkable property of Weyl ordering, i.e., the order-invariance of
Weyl ordered operator under similar transformations, we conveniently derive the analytical expression of entanglement
degree-logarithmic negativity, and then present the condition of keeping entanglement for these squeezed thermal states.
It is found that the OTCSTS possesses higher entanglement than the usual two-mode squeezed thermal states for any
non-zero squeezing parameter. As an application, the quantum teleportation for coherent state is considered by using
the OTCSTS as an entangled channel. It is shown that the teleportation fidelity can only be enhanced within a certain
range of parameters, which is just the same as the condition of exhibiting stronger squeezing in one quadrature. In

addition, the condition of realizing effective quantum teleportation (> 1/2) is obtained analytically.

Keywords: one- and two-mode combination squeezed thermal states, Wigner function, entanglement,

quantum teleportation
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