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Fig. 1. Polarization transformations of photons in SPDC cavity with QWPs. Photon with an initial polarization of H (red dashed
arrow) in (a) or V (black dashed arrow) in (b) generated from SPDC. Blue and red solid arrows stand for 426 nm and 852 nm laser
respectively, R (L) shows right (left) circular polarization, k is wave vector (z axis), s is perpendicular part (y axis) and p repres-
ents parallel part (z axis). PZT represents piezoelectric transducer.
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Fig. 2. Eigenvalues with different degrees of two QWPs. Amplitude in (a) of eigenvalues and phase in (b) of the eigenvalues on the
condition of ag = 45° and different degrees of QWP1; amplitude in (¢) and the phase in (d) with a1 = 45° and different degrees
of QWP2; amplitude in (e) and the phase in (f) with ap = 0.23n and different degrees of QWP1. Red line is about one of eigenval-

ues, while the blue line is about the other.
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Fig. 3. Experimental apparatus about birefringence compensating utilizing two QWPs. Laser with the wavelength of 852 nm in red
color is sent into the doubler cavity. Generated frequency-doubling light at 426 nm (in blue color) is filtered and coupled to the SP-
DC cavity after lens-transforming. Length of SPDC cavity is stabilized by the 840 nm auxiliary light. Signal and idler photons gen-
erated from SPDC cavity filtered by cascaded etalons are split on a PBS and coupled to multi-fibers for further processing. Doubler,

second-harmonic generation cavity.
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Fig. 4. Cross-correlation function with different degrees of QWP1 (overlap) on the condition of the degree of QWP2 approximately
equal to 45°: (a) ao + 80" (72.8%); (b) ao(42.1%); (¢) ao — 80" (25.0%); (d) o — 160" (14.6%). Insets are corresponding trans-

mission spectra for the two different orthogonal modes.

124203-4



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 12 (2023)

124203

FREL IR RS O 1 SE I UL A, AR AR T
JEEP 2 AR SR XH RS2 . A 2 i
e ) B R P TE L

2

’/mgm
n= )
/|E1|2dA X /|E2|2dA

Horp By (A), Bo(A) 7350 2 D HPRAEZS 0] A B
Yoy A M A, R OGI A 860 uW
Time Tagger 20 %] ] 43 FE2R 5 B IE /N Tt 1)
75 ps. WA 4 s, 3T QWP ZEARFAE (B
FEEE) T I HCHRRBUIRE: (a) oo + 80" (72.8%),
(b) ag (42.1%), (¢) o — 80" (25.0%), (d) ap — 160
(14.6%), T LL &I QWPL N ag + 80" Bif kM4
AHEXT A h . I B WU 1) e A A J3E e, 0T 5 2%
LG LR SR A R RO, 2 DR E S
FEEEBUIN, BRI S 12 BLIR .

¥ QWP 1 £ B [ 7€ A AHXS BLUF Y oo + 807
U QWP2 1Y £ BE R Bo — 40" (60.9%), So + 40’
(90.0%), Bo+ 80" (35.2%), Bo+ 120" (23.8%), IF
I 60 7 ) B DGR pR R, S5 R ANIE 5 B, iTLAK

10

I
o

N

Amplitude/V
o
-

0 15

Coincidences
ot

—15
Time/ms
O 1 1 1
—300 —150 0 150 300
Delay time/ns
15
(0) 202
E
@ 2 0.1
g 10F B
g g .
T < -15 0 15
g Time/ms
3 L
S 5
O 1 1 1
—300 —150 0 150 300

Delay time/ns

M QWP2 AT Bo + 40" B, 2 ANy B SRR RS
M LA T DA, BOCHRREO QWP AR
WO PEE B SO, HATY 240 QWP M 45°
A A JE A A M Ml P R B L R B ) T S 35500
SEIOSCER. 7% B OCHK RERE QWPs 1 B #YAE
ARAS, ZUKEA TR N QWP 1Y £ B2 4 31 i
FEME, 5 8500 52 O RUIT S 355007 1) M.

HOCHR pRAICT LA R Al R AMECR . 7E AR
BT, ZEENR N 1.26 mW , P4 T I ) 43 e
A3 5124 100 ps 1 4.4 ns WA B G R %k, 0K 6
Firos. Bl 6(a), B OCHR bR IH — b i KA A
ERRiiBTI RSy NI 17 WA N o 0 2l 21 R U B =07 S I S
T s 2900, i A AR I BRI R H (1) e 2T+
H (—7) e XfE 6(b) il gidis St 4 07,
Horf H (1) I B AETEFE R BR R EL, s, v 53 R
OGN B OCTE E Th A ORISR BN O
(B €0) FIPR DG (Z06) 1R I8R50k (1.58+
0.01) MHz Hl (1.69 + 0.01) MHz, ¥ Ifii Y& T A9 & 5
7 (1.01 + 0.01) MHz 1 (1.08 4 0.01) MHz 19, [%%
HF XL TERI 225, 7T LA R I — 7 iR AE AT 5%
N A MEFSAR AT

15

(b) Z 0.2
[
o
n ‘E 0.1}
g 10F A
g g .
T < —15 0 15
g Time/ms
3 L
S 5
O 1 1 1
—300 —150 0 150 300
Delay time/ns
20
(@) Z 0.2
[
E
. 15t Zo1r A
8 B
g g .
T 10t < -15 0 15
] Time/ms
8
5 -
O 1 1 1
—300 —150 0 150 300

Delay time/ns

E 5 QWPL YA RE R AR o + 80" Bf QWP2 FEARFIMEE (EAEE) THEIEREL (a) Bo — 40’ (60.9%); (b) Bo + 40’

(90.0%); (c) Bo + 80 (35.2%); (d) Bo + 120" (23.8%)

Fig. 5. Cross-correlation function with different degrees of QWP2 (overlap) on the condition of QWP1 equal to g +80’: (a) By — 40’
(60.9%); (b) Bo + 40" (90.0%); (c) Bo + 80" (35.2%); (d) Bo + 120" (23.8%).
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Abstract

Single-photon source is an essential element in quantum information processing, and extensively used in the
proof-in-principle demonstration in quantum physics, quantum imaging, quantum cryptography, etc.
Considering the operating temperature and system complexity, it is a favorable option to choose spontaneous
parametric down-conversion (SPDC) combined with the enhancement effect of a cavity. When generating
significant single-photon source via the cavity-enhanced type-II spontaneous parametric down-conversion
method, there appears inevitable birefringence effect which obviously influences the resonance condition. In
order to compensate for birefringence effect, different approaches have been used such as introducing
compensating crystal, placing a half-wave plate, tuning the temperature of the nonlinear crystal, customized
conjoined double-cavity structure, and cluster effect. In this work, two quarter-wave plates, with an angle of 45°
between the optical axis and the crystal axis, are placed in the cavity to ensure the double resonance of signal
photon and idler photon. In the process, the signal photon and idler photon generated simultaneously have
different polarizations perpendicular to each other through the type-II nonlinear crystal. Considering
horizontally polarized photon, its polarization is changed into left circular polarization by the first quarter-wave
plate and then returns as vertical polarization. After traversing a long optical path, it shifts to right circular
polarization through the second quarter-wave plate. When the photon passes through the same quarter-wave
plate again, the polarization state is originally converted into horizontal polarization state. Then the photon
completes a round-trip. The other photon with vertical polarization experiences the same process. As a result,
the signal photon and idler photon travel identical optical path. The general explanation is described by the
Jones matrices, with the emphasis on the transformation of the polarizations of photons. This method can
effectively compensate for birefringence effect, achieving double resonance by using a relatively simple device
under the condition of smaller intra-cavity loss and more flexible for adjustment. The signal (idler) photon has a
sub-natural linewidth of 1.01(1.08) MHz, demonstrating the feasibility of the proposed technique. This
introduced compensating method paves the way to the realization of single-photon quantum source applied to
the research of single-photon-single-atom quantum information processing, quantum interface and quantum
network node with a single cesium atom confined in the strongly coupled cavity quantum electrodynamics

system.

Keywords: cavity-enhanced spontaneous parametric down-conversion, birefringence effect, double resonance,

heralded single-photon source
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