Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

—MERRERMBEUENKESHNERSSREFESE
Itk Zigth Fra A%E KW SR
An approach to selecting the optimal squeezed parameter for generating path entangled microwave sig-

nal
Wang Xiang-Lin Wu De-Wei Li Xiang Zhu Hao-Nan Chen Kun Fang Guan

5| Fi{% K Citation: Acta Physica Sinica, 66, 230302 (2017) DOI: 10.7498/aps.66.230302
1E2615%)1% View online:  http://dx.doi.org/10.7498/aps.66.230302
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/123

R /\@E’JE@IE

Artlcles you may be interested in

— 2% H e 1A B XXZ B BT 2 N i S5
Quantum entanglement and critical exponents in one-dimensional spin-1 bond-alternating XXZ chains
YE = 4.2017, 66(12): 120301  http://dx.doi.org/10.7498/aps.66.120301

ETETESHE TR
Quantum secret sharing with quantum graph states
VP22 4%.2016, 65(16): 160301  http://dx.doi.org/10.7498/aps.65.160301

1 BB84 WAL & He e ¥ 51 i) 22 At iy
Security analysis of BB84 protocol in the collective-rotation noise channel
YE = 4%.2016, 65(3): 030302  http://dx.doi.org/10.7498/aps.65.030302

AR Z UL ROV M 2 % FUAE 5 B 70 e v B N P
Macro-micro entanglement in optical system and its application in quantum key distribution
YE = 4.2015, 64(14): 140303  http://dx.doi.org/10.7498/aps.64.140303

W - EL 5 W 1 e 172 BRI T ORI AL
Properties of quantum correlations in the Yang-Baxter spin-1/2 chain mode
PP 27 H%.2015, 64(7): 070302  http://dx.doi.org/10.7498/aps.64.070302


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.230302
http://dx.doi.org/10.7498/aps.66.230302
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I23
http://wulixb.iphy.ac.cn/CN/abstract/abstract70249.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70249.shtml
http://dx.doi.org/10.7498/aps.66.120301
http://wulixb.iphy.ac.cn/CN/abstract/abstract67900.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67900.shtml
http://dx.doi.org/10.7498/aps.65.160301
http://wulixb.iphy.ac.cn/CN/abstract/abstract66514.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66514.shtml
http://dx.doi.org/10.7498/aps.65.030302
http://wulixb.iphy.ac.cn/CN/abstract/abstract64911.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64911.shtml
http://dx.doi.org/10.7498/aps.64.140303
http://wulixb.iphy.ac.cn/CN/abstract/abstract63741.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63741.shtml
http://dx.doi.org/10.7498/aps.64.070302

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 23 (2017) 230302

—HERRERNBRUEMKESHESESE
EFEFT R

EHM REMH

U REF

PR3 A

(RF TRASERS SH5, 1% 710077)

(2017 4£ 5 2 HURH; 2017 € 7 A 15 HikRIE R )

I T R AR A SR S FL A R B, R AR R S LR T R AT R AR, IR TSR R T RIT,
SEMEMGE I VARG T SRS B AR AR. feth 17— MR A RS 5 BRI 5%, B E 5 h
A T S B BB R AR5 5 A 8, Al SEBUG (8 5 R RO VEANY . B IR & 5 P 5 7%,
SEH T — b A B B R I B AR A S A5 T (0 I 2 B U5 v AR RL A S A R O T B TR
T, R A RO 7 B AR i KN 1 — S A 2 R Al SRS AR 46 S B o R — 44
PR 1 A B SRR, L A I B KRR L PR s 46 2 B L B O AR PR S i (A5 5 P B 10 [ 46 5 B
I EARHT, KPR RO SR E RS B UE, HRS5IRIEA XK, 5 E4MER. AL
SRR, 1E A PR T B R KA B N “267 I, 2 ZB AR IR ' T S O BB 1 3 AR IS 1) P 4 M
LT, RIS 4 O AEL NS P 1 (0 AR A R 5 B e B, (I LA SRR WNZ T 2 A 2. ARSI AL
NREAR LU G AE ST FE AN S B I FH P i A Rl v o 15 5 Pl R A 1 BB

KR BARAMGERO, (55 E, K28R, MMt S 80021 E

PACS: 03.67.-a, 03.67.Bg, 03.65.Ud, 84.90.+a

1 5 =

B 5 SO AT AT 7 AN BT, B T B AT IR
Hb R IR FH AOWLRE - 1) R 7 4 2R 1 R 0 T A
SRS B AR B PR 2 X AR G M T Y
A5 BT W IK 15 B 7K. BEEAF L SEBR
5 R B A K AR 2 T HOURE & 24 93 RE
(I TE ORI AT, A2 30D 2 g8 7
B A8, BT A gERE AR INT LS AR R
fmﬂjﬂ% [3—7]_

BE 5 6 F B PR IR D L, e A
SR A Hir) 2 Bl BEr, e/ kET
TS H IR SRR B I A0E 0 fildn, FET
2016 4E 8 H 16 H /R 11 45 0 I R 4t T “s8 17
U, BRASRYE PR TR TR M) O

* ER AR S (HES: 61573372) BN,
1 IBE/EE . E-mail: wudewei74609@126.com
© 2017 FEYIEF S Chinese Physical Society

DOI: 10.7498/aps.66.230302

PR KR e B T A B T R R T, 3%
L7543 i B o [ 7 B TR BT RAT A DA EAE T
R (E RS e 1P R =R= RO g c 5= g TR
AR BHS S EE T A 2 WAL 3%, B FE
BRI B R R B TR RS ISR, e T
U AN 125 5 B 8 B i o I T 2 O A R
B2 G R B B SR T B DR 2% P o 12
S 21 2 it B PR R AR A 480 TR, B
BN TR AT A5 KA, T 7 T Se MO
i g, BT DAL G OSSR RS Bk,
A e SEIAHE AL AL 18] 25 R —ok, 2
A% ) 43 B B 2 GO A S A T S B 2 T
T 35 <0 B SR AR LA P Bl AR A 12
T 20 M A 1 5 AR L M6 . T X e St — Ty
T, %42 21 20 ot U s A B B A 45 5, "

http: //wulizb.iphy.ac.cn

230302-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.230302
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 230302

TCEEB A EAE 5 a1 H 2 A i, AL
PR AR T U, R A A SR
55 e 8 IR FF A PR B 2SR L2 B B A2 1%
o 100 A 2 AR 1) 3K o 32 {6k 1 2 2L
T TR S — AR SEAR 4 LR R (1O

AT, [ P9 4hoxt T 2 28 58 O BF 70 1 AN TR
— 7T, X B AR A G A 5 Tk Z A 5 3 1R
BN 5O, B B AR 2 98B A S
)7 T BUAE T A EARAIR, S 200 A G AR
PRS2 6 BPT 5E ME JBE A K. R T DAL AN 5 THT £ il e
ARSCHRW T —ME S RV i, B AT X R
JREE VPN 7R A A R R R I R AR A L
Pefe 5 W RG2S BIEH 1.

2 BARME R R A R
2.1 BRERLERE

AR A Rl R SR B BT 2 AL, O
THRER MBI T REEZ KRG 2, MR, Ot
BT 5 IR OR KR PEB5E, 11 s i B
55 REIL R A S P RLR, X IE R TG
BT A RS RS IR B R T A R PR AE T T AN
KPR B S S RIE AR LR ZE R, HAT, J65E
B 2 R I AR A0 N 32 A v T B A4
PEHET R, T T B A R K A
JS2FH W A 32 2000 1 B S ARRE R A PR, 75 2
AR IR (55 M R AR BT FT R %45
A PERLPAS T R P IS T AL B
TS 5 2 18 0 A R 2 8] _E AL T2 RS A
Bt I, HLAes RIF 2 JRIRESUTE % A IR AR
148 25 B R GRS B I A PR3 15

B0,

2.2 BEEMERURE KRR

il & AR A GRS R T, ORI TC AR
TR A TR U7 LI 43 SR A S 180°
REW BUR SR 8%, BT L8 RRE ML
KA A A 92072 — P 4y s s 117190,

LAt 5 180° VR & FA F AR TRl 70 A & 9 i,
B 1R, B RRSEBCRA (JPA) 7 A1
A5 POVR 5002 G AR G 1R i T 180°
RERMIPIEAALG S, 705 Wm0 A AT CREAR

FIR, TEHC PRI S R T R08 E) Jdd
BT T 180° TR A M N HNEE S IR A, A
BN SRS T AR C AR A AR T3, s O
B A D &b /= A AR, 3k 1M 22 A o 1145 2]
9 % B AR 2 QRO A 5 T
at™ = (ai" +a¥)/v2,
ag" = (-af +a¥')/V2,
Horb, in (out) Ron iYL E N T 180° T & ¥
MANGES (WHES) MR, 1 (2) RRZWE
O S 180° VR A PR\ Bl H ¥ 7 S AN 6 S
HAME S KPR, a® = \/ABRohf/2(al + ay),
al = ABRohf/2(a} + az), B J{E 54 %, Ro
H5002 A L ER, b IR R, f OE SR,
aJ{, ag HFEEEARE a1, as NTEKEFT.
B IR T IR, s g RS AR S bt 2 e
MR Y

(1)

1 (FTIR) B 1800 T4 FF 7 e B 20 0 s
=y

Fig. 1. (color online) Schematic diagram of using su-
perconducting 180° hybrid ring to generate path en-

tangled microwave.
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Fig. 2. (color online) Change rule of generating differ-
ent number of microwave photons entanglement and
corresponding probability when the value of squeezed

parameter changes.
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Fig. 3. Tendency of the probability of generating different number of microwave photons entanglement when

the value of squeezed parameter changes.
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Abstract

Quantum information theory can improve the performances of the classical information techniques by utilizing
the entangled state of electromagnetic field. Path entangled microwave signal distributes its entangled states between
spatially separated subsystems of an information system, which can be widely applied to quantum information technology
in the future. Currently, there are only several reports on path entangled microwave signal generation. Therefore, the
quality of path entangled microwave signal is far from satisfactory. In order to improve the quality of path entangled
microwave signal further, we make a discussion about the factors that affect the quality of it and design a quality
evaluation scheme for it. Based on the designed quality evaluation scheme, an optimal squeezed parameter selection
method is suggested.

Firstly, the generation principle of path entangled microwave signal is briefly introduced, and the generated signal is
denoted as quantum mechanics operator in the Fock state representation. In the meantime, the qualitative relationship
between generated signal and the squeezed parameter is determined. Secondly, a quality evaluation method for path
entangled microwave signal is proposed: the quality of generated signal is evaluated by comparing with the expectation
value of the entangled microwave photon number which reflects the degree of quantum entanglement. Finally, an approach
to selecting the optimal squeezed parameter for generating the path entangled microwave signals is proposed based on
the quality evaluation method. The process of it is as follows: an array of squeezed parameters which achieve the highest
entanglement probability of different microwave photons is acquired under the premise that the maximal effective number
of entangled microwave photons is set to be a certain value. Then an array of expectation values of number of entangled
microwave photons corresponding to these squeeze parameters is acquired, and the squeezed parameter corresponding to
the largest expectation value is what we are searching for. Through theoretical analysis, we draw a conclusion that the
quality of path entangled microwave signal is determined by squeezed parameter. Accurately, it is related to the squeezed
degree, but unrelated to the squeezed angle. From simulations, we find that the maximal expectation value of the total
number of entangled microwave photons is 3.77 when the simulation proceeds on condition that the maximal number of
effective entangled microwave photons is set to be 26. And its corresponding squeezed degree value is 1.77, which means
that the optimal path entangled microwave signal can be generated when we set the value of squeezed degree to be 1.77.
And our method is proved effective by the simulation results. We provide an original idea on generating high-quality

path entangled microwave signals for its experiments and applications.

Keywords: path entangled microwave, quality of signal, squeezed parameter, expectation of the number

of entangled microwave photons
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