) 32 2 3R Acta Phys. Sin. Vol. 72, No. 21 (2023)

214207

Ef R R FER 70 FFEEH

ETUHAFTFINEFERIERIER

WO PHEEY GEIREY

BHERY BTEY 1A

1) (HBRHE RSB FRI5BE, KD 410073)
2) (PR T 50 TR, I 518100)
3) (HEBRHLRF2EBE, K7 410073)
(2023 4£ 7 A 31 H®]; 2023 4F 10 A 6 HUEEIEHHR)

Hong-Ou-Mandel 9 1] LS 45 1 iR H0AR (21 75 19 0. 3T 4ROk 3 TX0E T T i it T B4R 1, il
O MBS A B TR, AT LR RO 1 A I eR RS R . O T S B A K ST
%, ARSCES TR T2 R EIS LR R R A RIS M E A, RIS T RO TSR TSRS
% D R A BRI T AR T2 ARSI BT AT LT, R D 25 A I R T L LR AL B B 3R e
W — A I ORI R A RT3 A TR R I S R B R B % T2 B LR RF T Hong-Ou-Mandel

TR, AL P AN R e ) 4

X#iF: =T 48, Hong-Ou-Mandel 13, IH—fb "B CEL A%, S0k

PACS: 42.50.-p, 42.40., 42.30.-d, 42.50.Dv

1 3

| 1987 4F Hong-Ou-Mandel (HOM) 1 # &
UL LA W 33 ST P A B Ay it~
WIS AR — MR B B4, 9N
SRR AR ST AR S M W BIA 5T, SE3 1 AN [m] 3%
@ F 2K FTEARRDG T A H B2 RT3 S5 2o,
1B —TEA TR R, HOM T E 4k
NI TG i T80 1681 gkt 010
DS el Rl SR s

TE—A ALY HOM T2 &, MiA~2FDE
T3 3 R B P i A L 285 O R e
J& , AFTE A AT RENE: PG T [R5, At
TR RS, AR — TR 7 — e 1iE
St TIPS BLASTTIX 5y, HAr A A B
e T IX MRS Z B AR, P A AR T,

il

DOI: 10.7498/aps.72.20231242

FEAAET R E R, AT
RO ARA a1 AT SIS B A
TR £ HOM HSis, 0 T3R8 60
TWER, EORPIACT AN ERE E AT AW X
IV MR TAEAT YL FAAE R =, B
BRI T8, I A —E AT AL W —1
FRESI AT, HOM —#7 H B A5 I n] LAAE Sy 0l
e Z [l 22 e i — A 2 T Be =19 AR, il
R R T RIS EE T T 95 (9 B I e
B (TP REE), AT R DG TR B R,
TESRIY HOM T35, Bt 15— ik
PEATI . AR T R, 8 T ARG T
RS BE (s8] i E] | 545 ) #35 e EUE
B T AR P RN B R I 5 s 6] 2y
i o 73 N {15 2 £ o 7 SRR T S
BREOGTHRIN 00, BT B R LS 1 LTS
e R BT AR PR, AT 2SI R R

*ER HRBIARESE (EES: 62001484, 62171458) FEBERME KRR (S ZK21-11) B BRI

t iBIEYE#E . E-mail: yaokun.xu@nudt.edu.cn
1 BIEMEE. E-mail: wtliu@nudt.edu.cn
©2023 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

214207-1


http://doi.org/10.7498/aps.72.20231242
mailto:yaokun.xu@nudt.edu.cn
mailto:yaokun.xu@nudt.edu.cn
mailto:wtliu@nudt.edu.cn
mailto:wtliu@nudt.edu.cn
http://wulixb.iphy.ac.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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 21 (2023)

214207

D =19 AL T BTk, BT B T LU
U HARP U R 1) T4I0, JREBILH B o P e 191,

N T A S T BN, A
ST B R GE—HESL, $ IEON— B HOM 3
Ot B AR BRI ) 25T HOM T3/
TR ObT AMERNDFRI) /B, 451
ZHANR : B MIERL R HOM 3 3ie T iR, 7
PrEA RS A 725 N TR, ot gk
P A5, IR AR Rl s S E R Tk,
ST HOM H Ry T2 B8 —Be, fds 15l
BZHE50 0 B 7 S TSR B A 45
THOL. 8 I PSR B TS Z AL 22 Sy A
FLARIE 2 WAE VT — AR B — B Gk s i, sd i
{37t A SAR R ] LA SR R il A5 A 1 R

2 HOM ¥ th — &3 it

h T E R R 4 BSOS
[ M AR T 1 HOM T35 e f e bk
SR HOM P25 B 1(a) i, |18 [v)
F )2 3 HINAT LR Y a1 Al ap O A, Zo0d T8
JETEAY R RS S HH 10 by I by HEAT A DN . AR
Tk, FEfH OB A—IL B S R B R

(1)

(b) \ﬂ
[9)1
U
g® /35\ 92 (q1,42)
\X\JW sz '

Ho, B (q) 1B (@) (i=1,2) fCRHH A
HL 37 S84 I E A3 3 RIS 3 g AT SCARAR,
GNP ve=ng 151N 1 B 7 N T - S N 5 e )
g (HAGRTER —4E B AR FIHUE; () FoRxa+
BT, GF) R4 HCas PIAN I 101 2 W) — B
KRR, G KRR R T (i =1, 2) fY
— B QR R . HOM T — g rh, Kot 124
VE— ek, BV 2% BT R AR S 4EFE 1Y)
. TEATZ IR E4ERE (nzs [a] | AR5 43 HE &
i, A2 g I AR SO, A% Y
WRIT G, (i—1,2) {0 EBIGY, 7
CaE b (i=1.2) P L I TR A3 (1) 2T
1

@ _ G% _ (Pin|b]b3D2b1 [1n)

GG (Winlb]b1 [vin) (inlDSbo|in)
Hrp )i = [0)1[0)2 AEAZS. YT ICFER) 43
WA, B IR L GO, BV SR 5 T SR,
by = 1/V2(ag +a1)» bo = 1/v2(az — a1) > H e dJ{
(ay) d; (ag) M mRARH A DB r=A4 (X)) &
T AR ARG T, 1H—1r) =R SCHK R
BAEAR], T R 51

g

2.1  BJF Fock 52 18K HOM Fi#

BAIA HOM TS8R A A S m T ik
e r= A ) BT E I, BESRAN EFAENR | i
i T [ET = W [FT = W g % ol 7 N I P

Resolved detection

K 1  Hong-Ou-Mandel T-#%5 & & (a) — B Hong-Ou-Mandel 3£ % 8. & F 50 BIA 4 /A WA A T ay flag , KT
WE, W P BTN g AR S T by R bo EATIN B AR A B RIS B R B ARSI 45 . (b) 2T Hong-Ou-Mandel
TWHEFEE. M AN FERATWIE, 725 H 1 by B b M0 B2 YT 2398 09 5% 700 &, I3 i )5 BE R 01 8 th 45

ke S

Fig. 1. Setup of Hong-Ou-Mandel interference: (a) General Hong-Ou-Mandel setup. The two input states enter input ports of beam

splitter (BS) a1 and a2, respectively. After passing through the BS, the photon is recorded by single photon detectors at output

ports b1 and bz, respectively. According to the single photon detection results, the coincidence counts are postselected.

(b) Quantum holography based on Hong-Ou-Mandel interference. After interference at the BS, degree of freedom (DOF) resolved

detections are applied at the output ports b1 and bz, respectively. According to the single photon detection results, the DOF re-

solved coincidence counts are postselected.
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Table 1.

Four combinations in Hong-Ou-Mandel Holography.
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Fig. 2. Ideal normalized second-order correlation function of different quantum states: (a) Phase; (b) amplitude; (c) hologram of

single photon state wave function measurement using single photon state; (d) hologram of single photon state wave function meas-

urement using coherent state; (e) hologram of coherent state wave function measurement using single photon state; (f) hologram of

coherent state wave function measurement using random phase coherent state.
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Abstract

As a kind of quantum phenomenon, Hong-Ou-Mandel (HOM) interference is more robust against phase
noise. Because of this feature, robust quantum holography emerges, through which wave function of interested
photon can be retrieved according to HOM interference pattern. For better understanding and developing this
method, we derive a theoretical framework of robust HOM holography. In the quantum holography scheme, test
state and reference state interfere at beam splitter (BS). Then, degree of freedom (DOF) resolved detections
(such as spatial resolved detection, temporal resolved detection or spectrum resolved detection) are used at the
BS output ports, respectively. Based on the single photon detection results, the DOF resolved coincidence
counts are postselected, producing interference patterns. The information of the test states is retrieved from the
patterns. According to different test states and reference states, four combinations are analysed, including
measuring the wave function of single photon state by using standard single photon state or coherent state and
measuring the wave function of coherent state through using standard single photon state or coherent state. In
all cases, information of the test states is reflected in normalized second-order correlation function or
interference patterns in similar forms. Specially, the wave function of test states can be directly retrieved from
the interference patterns, with no complex algorithm required. Besides, phase noise from environment has no
influence on this kind quantum holography. Comparison between traditional holography and quantum
holography is made and analysed.

Keywords: quantum holography, Hong-Ou-Mandel interference, normalized second-order correlation function,

robustness
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