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Fig. 1. Theoretical model diagram of quadripartite entanglement generated by a dual-ported singly resonant cavity.
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Fig. 2. Output squeezing spectra of the harmonic fields: (a) Compression spectrum of orthogonal amplitude noise; (b) inverse com-

pression spectrum of orthogonal phase noise.

074203-5


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

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 7 (2024) 074203

X EEEKE N 1 em B KTP 7 B3t
R, BAEREIE N 21.1 pm, 80N Exui = Eni =
0.015, ny =ny = 2.1, dgr=11pm/V, T;; = 0.04,
A = 1560 nm , BRI AT { PR SRR 212330,

M2 = 0, AL RFR S By 22 R
() fe/INEA B B 2 I DR 1 AR L I & 3 Bz, 7
—JE AL DRG0 B R o g 1) e/
FEARMEAEY/NT 1, UL IS I S EARET,
VUZH A A AT AE. B ZE DRI, 2 4858 T
oA H & 3(b) MK 3(c) FTLLE Y, BiAcHiZe A
BRI DA AT W22 5, IR FH T s P A 2 0
YD AT R B e T2, B R DA [ A (1) 240
YAE s — R 3 S AR BT — /N A e AR T A A
FEA AR N AT ] 22 1 S A3 D) R i /N A2 A
AT YR, ATERRIS A T 2l s B Ak IR

TRITAT SEATCTE A, PR B 5 8 T

4P — 2 W, 5543 B 1 I
N AT AT ST A A P 4 .
0= oy =001 M 4 PR i, 2
S, DO 2R A7 A ELAE T A7 K
FO 201280, 25 53 AT AT, D20 020 2006
§5. [ A(a) TR B, 02<0.05 0, F 5 EEAT i)
2] 5 3 T P AU (20 28, B 5 % 1
i1, PSRBT 24 1 R M TR (A 0 24
3 BT SRRE PN 28 08 W T P o AL
BO2 2. 5] A(b) R A(c) T 4 eI A 25
S 11 T I A 090 0 55 0 S T3 G 49 B
K

Sy I, AT BRI A A i e 0
WORSE, W SBR IO ASI I & KTP S IERIAL

LOR (a) — i

Ok

0.6 &

OB (o) v
V1
09}
0.8

0.7

Symplectic eigenvalues PT
Symplectic eigenvalues PT

0 02 04 06 08 1.0 1.2

0 02 04 06 08 1.0 1.2

0.6 L L L L L L L
0 02 04 06 08 1.0 1.2

Symplectic eigenvalues PT

P /W P /W P /W

3 BN EAMEESHEMW IR Py MXERE (a) 1 RN PIRIEFOGH 248, i FR P HOCR 2198, (b) il R FEHOL 1S
FEMOL 1 A9, iv FoR B0 1 5RB0E 2 A (o) v RaRFEROG 2 SEH0E 1 A%, vi RoRFEFOE 2 550 2 2] g1

Fig. 3. Lines about symplectic eigenvalues are plotted as functions of P, when §2=0: (a) i represents the entanglement of two
fundamental beams, ii represents the entanglement of two frequency-doubling beams; (b) iii represents the entanglement of funda-
mental beam1 and frequency-doubling beaml, iv represents the entanglement of fundamental beaml1 and frequency-doubling beam2;

(c) v represents the entanglement of fundamental beam2 and frequency-doubling beam1, vi represents the entanglement of funda-
mental beam2 and frequency-doubling beam2.

5 3y £ 10
s Mt p PRI _—
: : : — v
Z o8} = = 09F vi
: : : /
5 0oF - -
= X 2 08F
(9] (o] [

0.4¢f
L 02p 9 o YrE
a a a
i [OR™ ! ! ! ! ! ! i 0.6 L ! ! ! ! ! ! i 0.6 L ! ! ! ! ! !
n 0 02 04 06 08 1.0 1.2 n 0 02 04 06 08 1.0 1.2 n 0 02 04 06 08 1.0 1.2

9] 2 2

K4 B/NFEARMEES A — B SR Q BCRIE (a) 1 2R PRSEHDE I 24, i Rom PR AEBUERY D198 (b) iii KRk
BOE 1 500 LA, iv RoREB0E 1565000 2 MAIE; (o) v RaEHOE 2 55000 1 MAIE, vi R EHOE 2 55506
2 121 4

Fig. 4. Lines about symplectic eigenvalues are plotted as functions of 2 when Py, =2 W: (a) i represents the entanglement of two
fundamental beams, ii represents the entanglement of two frequency-doubling beams; (b) iii represents the entanglement of funda-
mental beam1 and frequency-doubling beaml, iv represents the entanglement of fundamental beam1 and frequency-doubling beam2;
(c) v represents the entanglement of fundamental beam2 and frequency-doubling beam1, vi represents the entanglement of funda-
mental beam2 and frequency-doubling beam2.
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Quadripartite entanglement from two-port resonator with
second-order harmonic generation®
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Abstract

Quantum entanglement is a crucial resource for performing quantum computing and constructing quantum
communication networks. The preparation and manipulation of entangled light field are the basic elements of
quantum communication. With the development of science and technology, multicolor multipartite
entanglement is becoming a kind of special resource for quantum information, quantum networks, and quantum
memory. In this paper, we propose a scheme of generating quadripartite entanglement among four output
beams from a two-port frequency doubling resonator, in which a type-II phase matching nonlinear crystal is
placed. We make two fundamental-frequency pump beams with the same frequency and vertical polarization
pass through the nonlinear crystal to produce two frequency-doubling beams. There is a quadripartite
entanglement between the frequency-doubling beams, which are output at two ports of the optical resonator,
and the incident fundamental beams. Based on the transmission matrix from the coupled wave equation, the
self-consistent equations of the intracavity modes and the corresponding noise properties of the output modes
can be obtained. Then, the quadripartite entanglement produced from two second harmonic beams and two
reflected fundamental-frequency pump beams, is verified by using the positive partial transposition criterion, in
a wide range of pumping power and analysis frequency. The setup proposed in this work is compact and
experimentally feasible. It is also convenient to separate the four entangled beams spatially, with different
wavelengths and polarizations. When the beam wavelengths are matched with 1560 nm (low loss window of
fiber) and 780 nm (atomic absorption line of Rb), this scheme can be more useful in both quantum

communication and quantum memory.

Keywords: quantum entanglement, two-port frequency doubling resonator, positive partial transposition

criterion
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