Chinese Physical Society

YIRS Acta Physica Sinica

€D Institute of Physics, CAS

ERRNEATFREGHENERNEEMEXY

WMRE FHAR

Relevance of the heralded efficiency of the heralded single—photon source to the heralded basis
Yang Hong-En ~ Wei Lian-Fu

5|5 K&, Citation: Acta Physica Sinica, 68, 234202 (2019)  DOI: 10.7498/aps.68.20190532
TELR 12 View online: htips://doi.org/10.7498/aps.68.20190532
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

ST A RS E T AR B R A DG T 2] 252
Generation of four—photon hyperentangled state using spontaneous parametric down—conversion source with the second-order term

PB4, 2018, 67(6): 060302  htips:/doi.org/10.7498/aps.67.20172230

LRI I 7 47 L 2
Dependence of performance character of photon—atom entanglement source on retrieval efficiency

WIHEEAR. 2019, 68(2): 020301  https://doi.org/10.7498/aps.68.20181314

R A OG- R AR DT

Research progress of semiconductor up—conversion single photon detection technology

PIFEAEAR. 2018, 67(22): 221401 https://doi.org/10.7498/aps.67.20180618


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190532
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20172230
https://doi.org/10.7498/aps.68.20181314
https://doi.org/10.7498/aps.67.20180618

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019) 234202

EMANEATFREMUENERNEEMRXME

&R BEY % ERAR DV

1) (PHRE3CIE K2 SR SR 2B, BUCASEE (7 5 5 B 2% R BRI S B 78 O B PR SC86 %, I#E 610031)
2) (AR LR, T F LB IR RISE T, 1 201620)
(2019 4F 4 A 11 Hig#F); 2019 45 9 A 12 B EHEH)

X LR M A R S B G e R T AR B 21 D T B — O R AT I o B A U A Sy — B RS R
e, Sl BT IR — Fh B B AR b B0 4 ) R G ] A5 B 4 A A RO AR SCRL T 2R AR A D
TRIIER A (3-BaB,O,, BBO) AEL M I S i T e 4 b 8 v T 7= A 11 D A1 24 28 5 7% 4y 3], 30 3o 4F 5 H 2] 4
R P R K A 20k R A I R e B R DM AT B A M. DR T, R G £ A B 4 SR R = A B TR
I ENY A Hanbury Brown-Twiss SCE 35 E ) SCHL T H ARCR M 2. L85 R B, EMACRML S
EAEEREA G MARRGENUENEFIRN T, R |+ /) WIEE ML AR R0 E MR LR H/V) W

R A R P A B 0 AT ROR IR R TR 4%.

KGR S MR, A0 TxF, BT, EMReE

PACS: 42.50.Dv, 42.65.Lm, 42.50.Ar

1 5 =

ARFTTRR, BT TE BT T iR B A
Je R A B TR R I, SO TR S 4
X2t T IRENE R | KA TR RS
JEG R N ) 0 BT L. ST H TR ™ B
JeTIRIERZ , FEARZ A SCHIETE L A i1 #9170
KSR, — BRI AR s i 2 L 1
Jok b S “EROE TR (B, FEM)BE E X ROL IR
AN FLIE R BT (T2 il B9 I SO 787,
JUE AR I B kb3 s — e g, (3
AR B SR, HOG T80 A i IR A S
i, 5 SRR AT 1 AN TR B
LEORENT 1T EZE 0.

AR, HAER LT IRBZR A < T e
HEAI 20 K S HAUA ST — AT IR, ARk,
MAHERCR B 1 i 1 B E 5 B A A1 9K

* [EK A RRHERS (S 11974290, U1330201) %5 BRI

t BIEYEE. E-mail: lfwei@swjtu.edu.cn
©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20190532

AR VALE N 3 P i E
EROE IR R EDF TAE. (Bl T 12 HRA
FF (FE AR AIRIE) b a9 2R R, BOR S i
JUREH. A, XTI IS B Y BT R
A BT, IF H RS R O T B .
P, TEVF2 2 HOL T DGR 75 AL PS5
FEPREER I — Rk Z B A A SO 78 (R
a il A AP F R R —A, LS — T IE
A7), LSRN 1 fis:

EAR T IR EA AR, ROz
RLAME AR R A S T e, )7 A — X fi U
2| FxE, X — O T (RO RSO6) 247
DRI, AT AR AR B 5 — O 1 (PO N B
o) “CE AR O BOET MU s i R B (6-
BaB,0,, BBO) fh {4 it/ 4 () 5 4 PO 5% vh
A ST AT REARIN &, ] LA AT AR 21 &
LB RREES) o NS OV =R B W K £ e 8 B
IR, X E AT O T IR 52 LU SO TR

http://wulixb.iphy.ac.cn

234202-1


http://doi.org/10.7498/aps.68.20190532
mailto:lfwei@swjtu.edu.cn
mailto:lfwei@swjtu.edu.cn
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 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019) 234202

RO A 2R R, BEE b HE A R e A
BT EMRBCR. X, 2R Tt (i 4
FEFxE) 7 A B AR VE B A, LA R
O T S5 HhiE 620 AL BE ST M sh s sr e
M

wp = ws + wi, (1a)

ky = ks + ki, (1b)
Hrpp, s, 100K AIZ6  F 900 IESL. 4
IR, TEX IR 21 Z8 D6 5 R AT IR D 22 i, AR
ST 5N ECT IR IRERA 20 E 1. (B, —
H— BT B ImRBARI, A2 A ) — B
TR R A e (4 T3 X AT AT
DEE). FH T 24 GG 0 A 7 A b 2006 e A 32 DC T
A, B LA A HE 5 06 B AR T AR Y PR
FOL BRI (B (La) XA S&FRITT)
HAEGAER (G- (1b) TR 1 W #OGF 147K
D)) BYRR . R, 4 i E AT O I T
HH AR &7 5 A AT | FDGF AR LA )
PR DL — B DR EROS AR AT O 11— Fib
FEGRARE, N TR T B30 K1 OR %
fEHFFE 9,

PREES

B A9 7 % i 8 B A 2EOL 7 R0 R
B EOtiE AR Lk B A R e S R e, 7 A 2 g
B 506 (s, B H N I — B8 ) RS (6, B b — %),
RIAE 2067 DA A2 A 1 PR DT <8 A7 S B 1

Fig. 1. Schematic diagram of the preparation of a heralded
single photon source using entangled photons. The laser
pumped nonlinear crystal causes parametric down-conver-
sion to produce entangled signal light (s, the lower path in
the figure) and idle light (i, the upper one in the figure);
Detecting signal photons to “herald” the twinned photon

into single photons.
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Fig. 2. Schematic diagram of generating entangled photon
pairs using class I BBO nonlinear crystals. The cone repres-
ents the light field distribution, and the intersection with
the upper and lower light paths is the collection point of

the photon signal, and the acquired photon polarization is
|HH) or |[VV).
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Fig. 3. Schematic diagram of entangled photon pair polariz-
ation correlation measurement. The polarized beam splitter
(PBS) before Lens is used to filter out horizontally polar-
ized lasers, the half-wave plate (HWP) before the BBO
crystal is used to generate polarized superimposed pump
light, and BBO is used to generate entangled photon pairs.
A half-wave plate, a filter, a PBS, and a detector consti-
tute a photon polarization detection system, coincidence
counter records and display the coincidence signals for two

single photon detectors.
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Fig. 4. Experimental measurement results of the polariza-
tion correlations for entangled photon-pairs.
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Fig. 5. Schematic diagram of the HBT experiment, wherein

a laser beam is splitted, after a 50/50 beam splitter, into
two paths; one of them is delayed by a duration 7, then
the signals of the two paths are detected by the two detect-
ors, respectively. The simultaneity of the detected signals is

characterized by the coincidence countings.
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XA B IR, N, of) (r) = 1, {3 2AH
T80

g3 (7

(17)

= (18)

(it +7)4(1)
t

g%D(T)

(19)

> (@i—n)?

i=1

(20)

B1 R4
Table 1.  Coincidence results for different delays.
FEHT /ns 0 5 10 15 20 25 30 35 40 45 50
AT 7905 8043 6369 6379 6351 6349 6377 6328 6322 6339 6318
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Fig. 6. The measured second-order coherence for the idle
light field without being heralded by the signal light.
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B, B4 M ECFIFA RO, B, 2
15 R EDGEE L BCA BT, G ST
S WU N s D (L 4o N - ol = FR: L = X2 L
T M H, ZESEX A E A SRR S R
LS o o == 2 )/, 8 = M 1/ e 3505 =<
2N DO S 11 R = T WL e il 7 T o
A HOETFHRIN SR TR AT H RO . ik, RATHE
2T 7 B E A O IR IO R 4.

& 7 BBO A 24D+ %F, HWP, PBS #l
PRI 25 BT IR R S, 50/50 4 AR
VAL R HR 7 1) A PR B3 53 RO B, 43 il e il
B Dy, Dy I, LS Dy 2 BN ZE R - LIS E
ER=1 o= 11 T .0 2 [ B 10 N 1 w77 1 e 8
i A5 56T BRI A Dy AT & 7
AT BBO ZHi iz ey, Al s T

Fig. 7. Optical path system for measuring the heralded effi-
ciency of the heralded single photons.
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330 | H) s O — A TR
Gspy 1y (0) = 0.229 = 0.006, (25)
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F 2 R = AL TR 5 7 4
e

Table 2.

detectors under different measurement bases.

Coincidence results of three single-photon
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Fig. 8. Measurement results of second-order coherence of
the single photon field.
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Table 3. Coincidence countings of three single-

photon detectors for different polarization measure-

ments.
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Relevance of the heralded efficiency of the heralded
single-photon source to the heralded basis®
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Abstract

The method by measuring one photon of an entangled two-photon pair to simultaneously herald another
photon as the single photon, is one of the important ways to prepare the desired single-photon source. However,
achieving high herald efficiency is still an open problem. In this paper, with the polarization entangled photon
pairs generated by the parametric down-conversion process in the I-type phase-matched BBO (3-BaB,0,)
nonlinear crystal, we investigate how the herald efficiency of the single-photon along the ideal path depends on
the selection of the heralded basis of the photon in the signal path. An extended Hanbury-Brown-Twiss
experimental system is built with a fiber polarizing beam splitter and three single-photon detectors, to
experimentally measure the herald efficiency of the heralded single-photon source. Our results show that with
the present polarization entangled-photon system whose quality is relatively low, the herald efficiency with the
| + /—) heralded basis is enhanced 4% compared with that with the |H/V') heralded basis.

Keywords: parametric down conversion, entangled photon pairs, heralded single photon source, heralded

efficiency
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