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Fig. 1. Schematic diagram of the NOPA cavity with coherent

feedback control.
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Fig. 2. Quantum correlation noises of two quadrature com-
ponents for two output beams from CFC-NOPA system
versus the transmissivity of CBS for idle optical field. Each
dashed curve represents the value of T, when the quantum

correlation noises of each curve is the minimum.
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Fig. 3. Dependences of the quantum correlation noises of two quadrature components for two output beams from CFC-NOPA sys-

tem on analysis frequency: (a) Transmissivity 7} = 0.3; (b) transmissivity 7; = 0.5; (c) transmissivity 7) = 0.7; (d) transmissivity

T, = 0.7, 0.8, 0.9.
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Fig. 4. Quantum correlation noises of two quadrature com-
ponents for two output beams from CFC-NOPA system
versus transmissivity of output coupler of NOPA. The red
dashed curve represents the value of 7/ when curve 1 takes
the minimum. The blue dashed curves represent the critic-
al value of 7’/ when the value of curve 2 is less than the
minimum value of curve 1. The green dashed curves repres-
ent the critical value of 77 when the value of curve 3 is less

than the minimum value of curve 2.
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Fig. 5. Schematic diagram of experimental setup. DBS: dichroic beam splitter; HWP1-2: \/2 waveplate; PBS1-3: polarizing beam

splitter; BHD1-2: balanced homodyne detectors; SA: spectrum analyzer.
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Fig. 6. Experimental structure of the CFC-NOPA system.
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Fig. 7. Diagram of experimental measurement results: (a) The measured amplitude-sum correlation variances noise powers of the

output beams; (b) the measured phase-difference correlation variances noise powers of the output beams. The measurement para-

meters of SA: RBW 10 kHz; VBW 100 Hz.

234203-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019)

234203

EEIAER S, ek Az e et
AR T o, B8 A AR R g rh 2 gt i
local Y3 BYAIXFAEAH T 0 B4 n/2, 205 %d 4 Ot
Y 1E A HR MR 435t LA K 0 58 A6 AH 4tk 1) et M s T
SREATIN A 00 ) T O I M R A T ORIk 7R S
#E 3.5 dB 1Y EPR A48 856, SRIEH M7 #1435
FRZH 0.7 G HE, 81 CFC-NOPA R4,
i Hoaz e e e RS, 8 NOPA Fl s st 4 il
Jrs s, FRIRIRE R 73 20 Sk i i 63 1 A HR iR
32 DL R OE A8 A A 43 1) T 7S T R A T
W25 R 7 s, o E 7(a) Roni ot
TEAC YR A AY - )2 1] 7(b) Rona ot
YEsehidH 22 1 PR D). ihek 1 Fomid—fk
R TR P SR 2k 2 2R 0 R s thl B Ve
B, NOPA #ii th 6 i i 7 s o 38 fIGFion
FBR 3.5 dB; ik 3 F8 CBS X 4 AH .3 B
() 56 451 't 37 3% B R34 408 0.7 B, CFC-NOPA
Rk OL MR E, i 43R5 T
0.7, Ty FEXT I 43 B A9 58 Ak MU b £ 375 5 R o) () B3
TFRER. XL h 2k 3 Fil 4, 440 B R AL ARAT
Ty FI Ty B9 PR 45 R AR 5 1 175 10 06T IS Ak s 114 e
L HRSOR AR, (FU2 Yo Wi 5 = i, B
WTy # Ty WSS S ] AR R B .
ZSLI A, R AE T R G O T LR R
NOPA, BEHAIE R SLE S48, NOPA A K i1y
R Tk 75 R FR 3.5 dB 121 28 25 5635 1 2 2 i
R T . RAE S =R B EE AT, Ak
NOPA WARLM: S8R e i i 33 5 R 1
2, AT ARAR B g i () A e 2] A

5 &

A AR T Bt T LA 98 A R ¢,
FERGE | ek E A2 98 A Rk, A
VR IERRRYSE ISR, A BE RO PR EE M R A T I
WA IEAR . AR B il B G0 it e & el
R BE 52 W 26 AH T B s 21 G A B A RCR
ARSI PR B AR S L AR BB SR A
RIREDL, B et T Baxt (5 5 s i 5
[ 72 I, B PRIEL D a2 S S T AR S b e
HORISE, 1524 CBS 1B 5T BN, BT
ol Dt 9% 0 70 1) 325 S5 238 AN [ 9 17 0 o8 745 B 154 il )
RORIKBN A, 24 CBS HYES SEE I, i 5t

] 14 2R 3 e ) 4 ) 5 ) 328 B 23 X A o
POLT R HAF Y. SRS BRI 1A T R st
il 2 Gt e 1 ORI R 5 A B S
A2, 855 SEPREYSER S5 1, A5 AR T B i
P 2 G B BEAR ORI, Pl B R A B
AT i OB L, B THE IS IR 2 AR
Wi, R4 R SRS BT R S R GBS B
PR AL T T B HHE. BRI A 1 AR R
— B PG I B A R S R L R AR
FRAsdeoR, UAAR T BBt R 21 G IR 10 S 90 R 4
A ABRAS B ey o ) IR S i 2N R, S
B EERPTT IR T LR T BT

S 3k

[1] ZhouY Y, Yu J, Yan Z H, Jia X J, Zhang J, Xie C D, Peng
K C 2018 Phys. Rev. Lett. 121 150502
[2] Liu' Y H, Wu L, Yan Z H, Jia X J, Peng K C 2019 Acta
Phys. Sin. 68 034202 (in Chinese) [¥IHiZL, & FIEHE, TIH
ZE IR 2019 PR 68 034202
[3] Zhou Y Y, Tian J F, Yan Z H, Jia X J 2019 Acta Phys. Sin.
68 064205 (in Chinese) [JEBEFE, H &I, EHRHE, BIHEEE 2019
PIF2A4 68 064205]
[4] Agarwal G S 2006 Phys. Rev. Lett. 97 023601
[5] Zhang J, Ye C G, Gao F, Xiao M 2008 Phys. Rev. Lett. 101
233602
[6] Chen H X, Zhang J 2009 Phys. Rev. A 79 063826
[7] Shang Y N, Jia X J, Shen Y M, Xie C D, Peng K C 2010
Opt. Lett. 35 853
8] Yan Z H, Jia X J, Su X L, Duan Z Y, Xie C D, Peng K C
2012 Phys. Rev. A 85 040305(R)
9] Zhou Z F, Liu C J, Fang Y M, Zhou J, Glasser R T, Chen L
Q, Jing J T, Zhang W P 2012 Appl. Phys. Lett. 101 191113
[10] Vanderbruggen T, Kohlhaas R, Bertoldi A, Bernon S, Aspect
A, Landragin A, Bouyer P 2013 Phys. Rev. Lett. 110 210503
[11] Yan Z H, Jia X J 2017 Quantum Sci. Technol. 2 024003
[12] Bushev P, Rotter D, Wilson A, Dubin F, Becher C, Eschner
J, Blatt R, Steixner V, Rabl P, Zoller P 2006 Phys. Rev. Lett.
96 043003
[13] Kerckhoff J, Andrews R W, Ku H S, Kindel W F, Cicak K,
Simmonds R W, Lehnert K W 2013 Phys. Rev. X 3 021013
[14] Vijay R, Macklin C, Slichter D H, Weber S J, Murch K W,
Naik R, Korotkov A N, Siddiqi I 2012 Nature 490 77
[15] Riste D, Dukalski M, Watson C A, Lange G D, Tiggelman M
J, Blanter Y M, Lehnert K W, Schouten R N, DiCarlo L 2013
Nature 502 350
[16] Vuglar S L, Petersen I R 2017 IEEE Trans. Autom. Control
62 998
[17] Chung H W, Guha S, Zheng L 2017 Phys. Rev. A 96 012320
[18] Wiseman H M, Milburn G J 2009 Quantum Measurement and
Control (the first version) (England: Cambridge University
Press) pp216—237
[19] Sayrin C, Dotsenko I, Zhou X X, Peaudecerf B, Rybarczyk T,
Gleyzes S, Rouchon P, Mirrahimi M, Amini H, Brune M,
Raimond J, Haroche S 2011 Nature 477 73
[20] Inoue R, Tanaka S I R, Namiki R, Sagawa T, Takahash Y

234203-8


http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.1103/PhysRevLett.121.150502
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20181614
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.7498/aps.68.20182079
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.97.023601
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevLett.101.233602
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1103/PhysRevA.79.063826
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1364/OL.35.000853
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1103/PhysRevA.85.040305
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1063/1.4767133
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1103/PhysRevLett.110.210503
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1088/2058-9565/aa6d45
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1103/PhysRevLett.96.043003
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature11505
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1038/nature12513
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1109/TAC.2016.2574641
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1103/PhysRevA.96.012320
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://dx.doi.org/10.1038/nature10376
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019) 234203

2013 Phys. Rev. Lett. 110 163602 2012 IEEFE Trans. on Automat. Contr. 57 2045
[21] Wiseman H M, Milburn G J 1994 Phys. Rev. A 49 4110 [30] Crisafulli O, Tezak N, Soh D B S, Armen M A, Mabuchi H
[22] Nelson R J, Weinstein Y, Cory D, Lloyd S 2000 Phys. Rev. 2013 Opt. Express 21 18371
Lett. 85 3045 [31] Kerchhoff J, Nurdin H I, Pavlichin D, Mabuchi H 2010 Phys.
(23] Hamerly R, Mabuchi H 2012 Phys. Rev. Lett. 109 173602 Rev. Lett. 105 040502
[24] Mabuchi H 2008 Phys. Rev. A 78 032323 [32] Wang D, Xia C Q, Wang Q J, Wu Y, Liu F, Zhang Y, Xiao
[25] Dong D Y, Petersen I R 2010 IET Control Theory A 4 2651 M 2015 Phys. Rev. B 91 121406(R)
[26] Jacobs K, Wang X, Wiseman H M 2014 New J. Phys. 16 [33] Zhou Y Y, JiaX J,Li F, Yu J, Xie C D, Peng K C 2015 Sci.
073036 Rep. 5 11132
[27] Yamamoto N 2014 Phys. Rev. X 4 041029 [34] Duan L M, Giedke G, Cirac J I, Zoller P 2000 Phys. Rev.
(28] Gough J E, Wildfeuer S 2009 Phys. Rev. A 80 042107 Lett. 84 2722
[29] Iida S, Yukawa M, Yonezawa H, Yamamoto N, Furusawa A [35] Simon R 2000 Phys. Rev. Lett. 84 2726

Analysis of entanglement source based on
coherent feedback control’

Zhou Yao-Yaol’ Li Peng-Fei?  Yan Zhi-Hui??  Jia Xiao-Jun??

1) (Department of Physics, Taiyuan Normal University, Jinzhong 030619, China)
2) (State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of
Opto-Electronics, Shanzi University, Taiyuan 030006, China)

3) (Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan 030006, China)
( Received 30 July 2019; revised manuscript received 27 August 2019 )

Abstract

Entangled state of light with quantum correlations between amplitude and phase quadratures is a necessary
quantum resource in optical continuous variable (CV) quantum information systems. The CV Einstein-
Podolsky-Rosen (EPR) entangled optical field is one of the most basic quantum resources, which can be
generated by a non-degenerate optical parametric amplifier (NOPA) operated below the threshold pump power.
Manipulating the EPR entangled state of light effectively can break through the limitation of the imperfect
performance of optical components in optical cavities and then further improve the entanglement level under
certain conditions. So it is necessary to find out an effective optical scheme of manipulating quantum state of
light. The non-measurement based coherent feedback control (CFC) system without introducing any extra noise
into the controlled system, can be used to stabilize, control and improve the performance of various quantum
systems. Only by selecting the right experimental parameters can the CFC system play its positive role in
reaching a maximum efficacy. The key optical component, i.e. optical controller in CFC system, greatly affects
the final manipulation effects. In 2015, using the method of CFC, our research team experimentally realized the
enhancement of entanglement to different levels by changing the optical controller with different transmissivity
values for seed optical beams. At the same time, the threshold pump power of the NOPA is reduced to different

levels also. Due to the technical reasons, the transmissivity of the optical controller selected in the experiment is
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almost the same for the signal optical field and idle optical field. In this paper, we emphasize the condition that
the transmissivity of the optical controller for the signal optical field is different from that for idle optical field.
Firstly, we theoretically study the final effects of manipulating entanglement source by using the coherent
feedback optical cavity under the above conditions. It is concluded that if the transmittance of control beam
splitter (CBS) is low, the feedback control optical cavity works best when the optical controller has different
transmissivity for signal optical beam and idle optical beam, and that if the transmittance of CBS is high, the
transmittance of the optical controller for signal optical beam almost equals that for idle optical beam to make
the feedback control optical cavity work best. Then we theoretically investigate the dependence of the quantum
correlation noise of the quadrature amplitude and quadrature phase of the output optical fields from CFC-
NOPA system on other physical parameters. Combining with the actual experimental conditions, we can find
the optimal transmissivity of the optical controller and appropriate range of frequency to optimize the effects of
CFC, which provides the basis for correctly selecting the actual experimental parameters in CFC systems.
Theoretical analysis results also show that with the higher input and output coupling efficiency and higher
nonlinear conversion efficiency of NOPA, the entangled state of light with higher entanglement degree can be
obtained experimentally. This provides the reference for obtaining better quantum resources needed for studying

the CV quantum information.
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