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N 75 3 S5 BRSO S8 AF A S VR, dhig B IR IR
J& A7 T e 19 JE) 190 B0 A T TR 4L 2K 4 (periodically
poled KTiOPOy, PPKTP) & 4 4 5 1 XU H: E
NOPA, 525614 7 1.34 um #4745 B EPR & 14
WA

2 S EE
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WK O 2% (SL-DPSSL). 0 % 8 95 i K FH 8 45
T s g 4, A T PR AN L TH IR s g 4 v 1 R T
WE I A2 T IR e AR . ) 880 nm (1)
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F5I0, ARAF 0 X0 R BO ) B R i HE T 2243 3l A
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JERIEANG. 1342 nm OB 2 & 5 2 99% 1
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P AEVEAT H -IA% (Fabry-Perot, F-P) 12 (B H%
% X 750 MHz, ¥E4H1% 4 370), HT BB
FIPREARL . S RIES (photo diode, PD1) T
PRI F-P 63, 671 nm WOEA! 1342 nm
WO mlEANE R & 28 (mode cleaners, MC) H
T8 O B G IR BT &R I O ) #A g
7 2 HIORE e S 7HE (shot noise level, SNL), MC ¥
NIRRT ERE. MCLKE EFE AL
1342 nm Y6 # 1, MC2 U EAE A2 671 nm
. SIS H R A Pound-Drever-Hall (PDH) F2 44
A MCs P iz 0 e 75 0T SR N B0 B 4R A
2 A 15,161 1] Y B 5% 1 1) % (electro-optic modu-
lator, EOM) N8t R 4t &k m i s 5. Jes
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Fig. 1. (color online) Schematic of the experimental setup used to generate continuous variable quantum

entanglement at 1.34 um.

NOPA 72 i P4~ il #2242 4 30 mm )P U145
o) R R R M, e P TS — B 1T 2R FE UL R 1 PP-
KTP S, N ASAB 10 11T 95 v N e S e, dl
BAFEIERE (Ri342 am > 99.8%, Ter1 nm > 99%),
P TH B E NG A HE YGRS (R1342 nm 671 nm <

0.5%). i HH AR 5 5 1T i Bt 't v JUBE, T E A OIGHE
73 R R (Rer1 nm > 99.8%, Ri342 nm = 96%),
F T E N R R (Ri3a2 am < 0.5%). i
& 8% [ 2 7E [k H B & (piezoelectric ceramic
transducer, PZT) b, il 4% 0 #04E PZT3 H1J&
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W 4% H1 NOPA ¥ i K. PPKTP & i 1 R H
1 mm x 2 mm x 20 mm, 5 285 A 7E A G AT
1Z IR (Ri342 nm < 0.1%, Re71 nm < 0.2%).
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RIENAS 5 63 1 W 75 1) 3 485 >k 3R 43 SNL, st
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‘SN FD500 W (Fermionics Opto-Technology com-
pany), %} 1342 nm Y637 (¥ 8T 2% 4 90%. PD2 AN
PD3 it 16 B 2 i &3 RF %553 2 5 AR I,
ho ks B HAS 5 A AR 73 AT A (spectrum ana-
lyzer, SA)idsxk, 73 a3k 15 & T Y PEE I INIER
PRGN | TEAZAH AL 72 ) e 7 T 2.

3 EREREHN

T30 28 1 M S R M BB RS e R O
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UKW #8002 .
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— AN iR FE AL B e o AT s AT R DT & 2 (a)
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Fig. 2. (color online) Noise of 671 nm/1342 nm dual

wavelength laser: (a) 1342 nm laser; (b) 671 nm laser.
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S NOPA i X FiE NG S 6 RS 4 N
147, Ja % Z B4R BE N 325 mW. R %
il A ¥ PPKTP & 44 T 4F i 2 42 # 7£ 179.0 °C,
WA TR B A AL VCE 2% 1. MhiE e Th R R
260 mW, VEANAE S HEIIFE A 10 mW B, Sl
NOPA & B8 35 N 4 5. TE T ii% N 2.0 MHz
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I B T A AR AL ZE 1 S Bk M 7S i P 3 TR 4 il e
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Iy N IEAZARIE AN ((62( X, + X)) M IEAS AR 2
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T 77 %, 62 Xaw), 02Yam) 2+ Bl % /8 B HEPR
ol 28 Jta M b IE 52 IR iE AR 52 A A7 AR

J7 % RIS B W R 4 W DA 5
Viha(XalXe) = 079, Vi (V%) = 0380,

R 5 EPR & 7 4 98 78 6 3% 1 78 o b 22 4 45
Vol (Xal X))V (YalYs) = 063 < 1, H s
55 o tH NOPA & iy th 11 6 3 A EPR &= T Y E &S
3.

LI H % 1.34 um EPR & 72955563 1
2 48 5 AH G LB, AT RE 2 T TSR AH A2 DT
e () PPKTP & 44 1) 2 P 2 4 35 3 A1 MRl &%
IR KGR, IR T 1342 nm EOE R I %
it PPKTP S A B — W i 7 A B A AR X
90.002%/(W-cm). [FEEIIE 7 PPKTP @ fgxt T
1342 nm 671 nm ¥ BHOGK I R 5, 750k
0.02 cm~ ! f10.1 em~!. PPKTP &% F iz )t
IR R K, 1X 38K T NOPA [ BIE 4 51 e is
PN B () Bk B T S 3 NOPA iz B AR Fa e, MM
SN BT A AL M S ()4 . PPKTP Sk
X F 1342 nm OB RIS EEEOR, 35K T NOPA
i TR PN s ORE, PR T R M S 3 4 2 1

S
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Fig. 3. (color online) Noise powers of the EPR-
entangled beams: (a) Correlation variance of ampli-

tude sum; (b) correlation variance of phase difference.
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A P LU B8 HhZ R TT SR v A A T &
A R 1) AL iR NOPA, S50 il 2% Hi 4 48 58 3 dB
MG LF B (5 P B 1.34 pm iES:4F & EPR & 74|48
PO 77 Nl 2 S G BV T |5y 2 N V2 19
P B 2 FE S5 it g — D AR B T A A A
GEIE. AT TAE T A EE T BUA 4R (E 2% 1) %
A g 15 B AR AR B &2 TR,
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Abstract

Continuous variable (CV) quantum entanglement is a fundamental resource of CV quantum communication and
quantum computation. It is useful in a wide variety of applications, including quantum teleportation, quantum dense
coding, quantum key distribution, and high-precision quantum measurement. In this paper, we generate CV quantum
entanglement at a telecommunication wavelength of 1342 nm by using a nondegenerate optical parametric amplifier
(NOPA) with a type-1I periodically poled KTiOPO4 (PPKTP) crystal. A home-made continuous-wave single-frequency
dual-wavelength (671 nm and 1342 nm) Nd:YVO,/LiB3Os laser is achieved with output powers of 1.5 W (671 nm) and
1.3 W (1342 nm). Then a mode cleaner (MC1) with a fineness of 400 and linewidth of 0.75 MHz and a mode cleaner MC2
with a fineness of 400 and linewidth of 0.75 MHz are used to filter the noises of laser at 1342 nm and 671 nm, respectively.
By using MCs, the intensity noise of laser reaches a shot noise level (SNL) for analysis frequencies higher than 1.0 MHz,
and the phase noise of laser reaches an SNL for analysis frequencies higher than 1.3 MHz. Utilizing this kind of low noise
single-frequency 671 nm laser as a pump, a doubly-resonant optical parametric oscillator with a threshold of 325 mW is
realised. When the low noise single-frequency 1342 nm laser is injected as a signal and the relative phase between the
pump and injected signal is locked to T, the NOPA is operated at deamplification. After optimizing the temperature
of the type-IIl PPKTP crystal and at a pump power of 260 mW, Einstein-Podolsky-Rosen (EPR)-entangled beams with
quantum correlation of 3.0 dB for both the amplitude and phase quadratures are experimentally generated. The strength
of EPR-entangled beams is relatively low. It is maybe due to the low nonlinear conversion efficiency and large absorption
of the type-II PPKTP crystal at 671 nm and 1342 nm. The generated CV quantum entanglement at 1.34 pm has lower
transmission loss and smaller phase diffusion effect in a silica fiber. The research contributes to a high quality quantum

source for the CV quantum communication based on existing telecommunication fiber networks.

Keywords: quantum optics, continuous variable quantum entanglement, optical parametric amplifier,

telecommunication wavelength of 1.34 pm
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