54 6 2005 6
1000-3290 2005 54 06 2717-06

ACTA PHYSICA SINICA

Vol.54 No.6 June 2005
(©2005 Chin. Phys. Soc.

EPR )

2004 7 21 2004

EPR
EPR

EPR
PACC 4250 4265 4265K 0367

quantum teleportation

1998 Kimble
2

quantum entanglement

swapping >

2001CB309304
20041038

*E-mail panqing@sxu. edu. cn

030006
1 22

N&*"  YAP KTP
EPR

2003 Glocki
50 50 EPR Einstein-
Podolsky-Rosen “
" Phys. Rev. A
8 .
Takei
EPR
9
Nd**  YAP KTP

nondegenerate optical parametric amplifier

NOPA 5.8dB  6.8dB
EPR
NOPA
98.2%
EPR
EPR

60238010 60378014



2718

54

EPR

EPR

deamplification

EPR

2. EPR
NOPA
0—=17" " 1992 Kimble
13 NOPA
Nd: YAP/KTP
NOPA |

1 EPR
NOPA
1
Nd&**  YAP KTP 18
. 540nm
A2 PBS
NOPA
1080nm mode-
cleaner
NOPA
50mm 1080nm
1%
1.26 x 10" C™!

3%o.

A2

1080nm
KTP

60C
KTP

walk-off

540nm

1080nm

KTP
540nm

3%o. 540nm
Il

KTP
63C

3.82%

NOPA

amplification

NOPA

14—17

NOPA.

NOPA

NOPA

1080nm

50mm

3.85%



6 EPR 2719
PZT 19
NOPA NOPA 52mm. NOPA
NOPA  1080nm 145 142 r22nt+tl =n
0.51% 0.54% .
230mW 500
NOPA T 22n+1
EPR
RF
S8OMHz
NOPA
EPR
NOPA
NOPA NOPA 150mW 6mW
NOPA1
Bell 5.26+0.20dB  5.18
NOPA 1 +0.16dB NOPA2
T 6.11 £ 0.17dB
6.02+0.15dB
5kHz 11.3dB NOPA1 NOPA2
NOPA 5.8dB  6.8dB.
2—5 2 3 4 5
NOPA NOPA1I  NOPA2
2n+1l 7w n NOPA 2MHz
ab ¢
50 50
] a ] a
100 e e N P TN 2100 e et
5 “104 b é “104 b
= O Y =~ i i
- -
% -108 g -108
i c ] .
T A et AT P G I
0 20 10 60 80 0 20 © & 80
B} [6]/ ms Hfal/ ms
2 NOPAL1 3 NOPAI1
a b 0t X tX, o« a b 8 Y.-Y, ¢



2720

54

-100 _M"WWW

MR AT HE /dBm

-108 4
4 c
-112 A
T A 1 T T
0 20 40 60 80
N [E]/ ms
4 NOPA2
a b 8 X+ X, c

—100 -/WH/W\JW

B THE /dBm
L a

-108 -

-112 4

T ¥ T ¥ T T T

0 20 40 60 80

PR/ ms
5 NOPA2
a b & Y:--Y, c
EPR
NOPA EPR
6 NOPA
b ¢ 50 50 BS1
98.8%
NOPA
b c 98.2%
NOPA EPR
. NOPALI
b b ¢

EPR

b b ¢

0. 54 um

NOPAZ ot e

6 NOPA1 NOPA2

0 T ¢ > AL ©
i

,_.,_
[ R

7 NOPA1 NOPA2 b ¢
a
06 -
c .
g B
~  -98 1
‘Bﬂ" R i o S SR SR e
B 4
ﬁé c
WMW
=100 A
-102 T T ¥ T v T T
1} 20 40 60 80
]/ ms
8 b ¢ a X+ X
b 8 X, c



6 EPR 2721
3 Vi vy
NOPAL1 £ = 0.992
EPR 32 Z.If()PAl = 0.2978 5\2 ilj()PAl —
12 2 < - 2 < “
- 0.3034 XXX, = V.Y
=0.59 NOPA2 & = 0.993 §2;30PA2
=0.2449 §%;NOPA2 = (.2503 6% X.
9 20 i A A
+X;, = 8 Y. - Y, = 0.490.
50 50 :
NOPA
Bell a b
f=1
B 5.
i ¢
%
i Nd** YAP KTP
' NOPA
C’Z ~ %f
x/2
S EPR
b
EPR
9 ab ab vy 0y
e ab
Bell
20 21
0, =+ 8 X+ X
Ly = 2 @ T X
¢ 1 ¢ ¢
Pt =5 £ Y, -Y, +21-¢8
1 Bennett C H ez al 1993 Phys. Rev. Lett. 70 1895 10 Reid M D 1989 Phys. Rev. A 40 913
2 Furusawa A Sorensen ] L Braunstein S L Fuchs C A 11 Drummond P D and Reid M D 1990 Phys. Rev. A 41 3930
Kimble H J and Polzik E S 1998 Science 282 706 12 Zhang Y SuH Xie C D and Peng K C 1999 Phys. Lett. A
3 Zukowski M Zeilinger A Horne M A and Ekert E 1993 Phys. 259 171
Rev. Lett. 71 4278 13 OuZY PereiraSF Kimble H ] and Peng K C 1992 Phys.
4 Pan ] W Bouwmeester D Weinfurter H and Zeilinger A 1998 Rev. Lett. 68 3663
Phys. Rev. Lett. 80 3891 14 Pan Q et al 1998 Acta Phys. Sin. 47 1625 in Chinese
Tan SM 1999 Phys. Rev. A 60 2752 1998 47 1625
6 van Loock P and Braunstein S L. 2000 Phys. Rev. A 61 10302 15 ZhangY WangH LiXY Jing] T Xie CD and Peng K C
R 2000 Phys. Rev. A 62 23813
7 Zhang ] Xie C D and Peng K C 2002 Phys. Lett. A 299 427 16  LiXY etal 2002 Acta Phys. Sin. 51 966 in Chinese

Glocki O et al 2003 Phys. Rev. A 68 012319
9 Takei A et al 2003 quant-ph 0311056

2002 51 966



2722 54

17 GuoR X et al 2002 Acta Phys. Sin. 51 1262 in Chinese 20 Lam P K 1998 Thesis for the degree of Doctor of Philosophy
2002 51 1262 Australian National University
18  Yan Y et al 2004 Chinese J. Lasers 31 513 in Chinese 21 Jing ] T et al 2003 Acta Opti. Sin. 23 132 in Chinese
2004 31513 2003 23 132

19 Zhang J and Peng K C 2000 Phys. Rev. A 62 64302

Experimental generation of two EPR entangled states
with classical coherence ”
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Abstract

Quantum entanglement swapping 1i.e. the teleportation of entanglement state is a basic method used for developing
quantum communication and quantum information network. It is necessary to produce two independent entangled states for
implementing the quantum entanglement swapping. To experimentally demonstrate the entanglement swapping of
continuous variables we should firstly generate two electron paramagnetic resonance EPR entangled states with classical
coherence and without any correlation of quantum fluctuation. Using a home-made continuous Nd®* YAP KTP laser to
pump two nondegenarate optical parametric amplifiers with the same configuration we obtained a pair of independent EPR
entangled states with classical coherence. The experimental technology of generating two sets of EPR beams is introduced

and the influence of mode match on the detection of quantum correlation is discussed.

Keywords EPR entangled states classical coherence nondegenarate optical parametric amplifier
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