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LY GEAS | £ 15161 B — IR 2 g I L7181 BFIR] R (time-bin) 2YZHES = AR AN (01 B IA)
BT HORAHE B AR & 20.24) S8 oAb, TG BAT AR AL BENURAE B KOG R, JEFEDGE IS AGE
AR TR AR AL AT 5 6 SO AR AL, 32 T 3 I D' FL 45 A R AL 122231,

FE_ERAEPEDCETFIAC R R v, UE RE A7 22 (RS E MRS IR G B 1 FURHE S0 ) 2% o gz An i
R PERE, BIAIRER A GRS I AERE . Re i — IR [A] 2 gEAS I B AR B L BT RRRAR S
SR . B TR BB SR, (B2, T Rer a0 TR . BRI S5 211 20 ek 24
AFHETCET AL, JCH RSB ZZ R E 0, I B[] (0 AR 5 22 A7 AE AN P S X L3, 7 R L
F B ST B RS o AT RS . W RS AT T S — R s s OGN T
ASCHE ] FE O FARI 0 77 200k FLnim B EAT I &, 1 — D 65 I I P B 58 I A ) R S AR A S 3R
5E [25~28] bt s ORI EE A P B2 (Raman) BB PR I FE 2 7 &7 LUAT
FRAGINIEE o g5 R AR 29T, R 5928 MO TR ER R AR R ) L — S
12, HEWT 7N 52 CEM I IZBOR B 0 Ik 1A AL 2 5 &1~ 25 4 0 o rh G A 0 A IR AR AR [ 2
i1 i [30.31]

NG LR e, FATIR T — A ASSA OGRS 0. LR T i B E O IRIN T B, 45
B I ) A B SIS 4730 v R T AX (fiber Michelson interferometer) == #FHALFRE 7 5. 1
BRI 99 A TS0 om BETK TS « W P8 LS AA HAL ZE B30T B0 7 T Bk v 1 sk
Fenli b, FATE T EIAALADER FGAHFOCIRMER. FESEIR T, FATTHRE R SR O R
HTFKFAE NS, 1 T KL 58 4RI (superconducting nanowire single photon detector,
SNSPD) X HFATiHEL, FE& ] — #1498 — 7 (proportional-integral-derivative, PID) Hy%A1 & H
FRAL YA SIS TP CHAT St SEal 7K ZEL0N 1 m BOGLRE wU/R @ISR E SR ] 1R
S g Rrh, e E IS T, WA ARG Z B3N T 0.042 IR, UL ES B 5%
SUA W RT 99%. ASCHTISUE R J7 1% 7T 5 5 AFEAR-F G AT Sk — 848K+ (Mach-Zehnder
interferometer) 132331 £577 TH] R A5 1) 1 Jie — 38 9 K e S AL B B TR B ROR IR LS4

2 [RIE

JCETE B EOR TR IR TS IE v /R @ TSN Sk — 8 R T s /R
T, WRAF B E TE S MG T 2500l B RS FRA RN 11 KRS
& (beam splitter, BS) ', 23 73 RS HEN BT PIRE oh BEAT A3, AR PETIE 00T, THAUIM
B 2 AR K ZE AL, (R E— B v im AR RL R S xR 1] A AR AR o HEAT R, Fi0AX
P9 R PR AR S PSR £ SR B, S i PR SR 2 s P AR I R HEAT S e A%, O FRIRAE BS B
B JE T, &R0 A SIEEE SIS0 0. £ EshR BRI S, ol LA 55
MFZHE T IH U B A R R 5

FESERRYIB IR T, W T B AR I 954 T 5 5 T RESRS P T AR AL 22 — 2ok BT
B DEREZE 2nea AL (nes AZHEICERAETCET VGRS, — &K B AL H L 7T i
FNLZE . BATAT OB S Bid2 ] oo AMEAETAR SRR KCREZE AR, B M0 SEBU T AR 2 &
W], EAAR e, ERReE RBHEHNEE RSO0 A B R AR R TR E . (B2, SKPras
RSB RAFAEANFIRE L R 22, LA 25 & BASHE S, X HE-P 114 5 /R @b OOR R 2 1 BT /5 DGR
BEAT 0T, Bt T S5 e RIE AN

Ein(t) = Cg /N(t)ei[zﬂf(t)t+tpi(t)]7 (1)
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BN & AP ED AT AR AL A E 7 EWE I

Hrh N(t) #RBENTHZE (photon flux), f(t) RS EIE, o(t) XRBHBEOCHIVIM, Cp =
VAT fo[cAereony N HIBRE 56 PR B B E SR SN R B (K fo ASFRR R OIE,
At ANEH SR AH B, np RSB ZE, ¢, ¢o A1 A 23 HIREHE B2/ B 2
I A S ). RIS B LA IR TE ¢ 2 T By (AR RS
TR A)

Not,o2 (t) =~ w {1 =+ cos |:47IW + it (t) + apc} } , (2)

HorbFAR ol Al 02 23 F AR TIP3 1, e A1 ALo 53 BN AFAEIR S AR A I L 2746
BATG AT E KL, N’ (8) = N (t = Tio) M [/ (t) = [ (t = Tho) RRBHAAET WA HAER
Ja BT IE FEAIE, Trg AAFAEIRT SFAT AL TG BISERT, o (1) TR TR
B ARAL ZE P el EAERRE, AR (2) B iEd, BUE Xt TIREE N (t) BKE R f (1)
BN RFAE RS ] RS R T T Z B RER 22 AT = 2neg AL /c.

fERBHEHIERE S, 9 7 PAHEHIE S, 7 Z ARy T I R B 22800 TR I
PEREAT TR, I KO8 SO RS ERIY. sl (2) AT RS 2 S st it BRI N DG 720

kT

NOI,OQ (kT) = / N01702(t) dtv (3)
(k—=1)T

Horb b ZoR I RIBONEE k ANTHEUR ], BT AT DR FRIE S T, 15 N (1), f/(t) AT @i (t)
FIZEALE OGN (1), 6f (t) Al S () LI KT ENTHIFIIME N§, fo T i BIEE, #5350 (2) BEATZRH)
(Taylor) FETF HATBMR B I b LRI, SRIG AN (3) 7T RA 3] Noy oo (KT) HIJT 22

(02 Nop o2 (KT)) = Vv 4+ Vi + V., (4)

He

2
o (28 AT
Vnr = 1 [1 + cos (FSRf + @it () + @c)il < [/(k_l)T ON'(t)dt )

! 2
N’O2 27 2 2 27If(/) = /
= w (F c Sf'(t) dt , 5
Vi 1 <FSRf> sin <FSRf + i (1) + ¢ /(kl)T (@) (5)
2

N2 27 f} kT
V.:OSin2( O—i—it—i—c) / S (t) dt )
Pit 4 FSRf Wt( ) ¥ (k_l)T @t( )

S, I T (N (1)) =0, (5 (t)) =0, (i (£)) = 0, BLE N'(t), £/ (t) Al @i (1) Z
[E] A BRSEE. [FS, T A R S SkEe A2 &, A T O B HEOGIE X FSRe = ¢/2neg ALy, H
3 (4) A1 (5) WTRVE B, RBHEH RGP HEIREI S N (¢) BRIE . () B o (t) $EBIIEFETUE.
MRIEARCL RS E B JRH, A2 o (t) BEEIRITTERR T N7 (¢) BRIEA 7 (t) FIsh B TTERN, A Bek AR AL
FaEAE BT, 5 W) S ists il i R At O AR O 2R3 12, A R fe e i A2, Xt 2R (4) Fab
PAIILZEZE /N5 3 T AR, [RABHE AR ER oy (1) BIFIBIRERAL I Noy o2 (1), BIZ (5) 28 3
TR IE 52 BR AN BE 9 0. ARSI A S50 ] RAAS 3 SISO A AR E B PN e 56

Vi < V‘Piw Vf’ < V‘Pit' (6)
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YA ARG 22 R BN 2k, B TAR S T th & s E A B, X (5) TN Viyr >
Vi = Vpr =0, 3 (6) FIIPIA A RARTCIER R, I ey SEMAHAL RS 8, IS 6LHL R
FEK I il St R AR AL RSN, B A Z B E Y (2k + 1), BV AR S T3
2 (e MEALE R, 158 (5) ATAT Ve = Vo, = Vi = 0, BEBF 35 AR A1 81 3l T8 156 A4 328 21 % o
CII G-I BEBk s b, DRI oy SEEAR A AR e . (HR W 2R AR AL T i 26 1y s KA A e /M,
3 (6) BUA AT RE 2, BANFR TAE S T2 0k e R SR AT e A —FE). £SR30 (6) i
WA ZPEZ G, AT AR SEIG R kAT Vv, Vi BV, BB — AN SCEE ) . 755256, 3@ % vl LATE
TP T UINT T BRFERFTEIXS 6N (8), 67 (t) A1 Noy oo (t) BEAT . XSRS RIN) 6N (¢) HEAT
B (Fourier) A8 ¥, 7 A5 2]

kT 1 kT o
SN’ (t)dt = 7/ /(SNl ) e Nt AN dE
/(kl)T 0 V27 J(k—1)T (2)

= ;%/az\f’((zw)sinc (Qf;’T> e~ (k=3)Tq 0.
M B AEE 2 AR LLE B, S i) R B K AR SEBR B S TAESENT T N7 (¢) B
WD T IEYE. FIRY, JEPEREL sine (2 T/2) FHEFX I EEAE On = —2n/T F Qn = 210/T Z 1],
W 20 T R GG SRR A TTRR I S5 6 TR R R | R AT 0 5 1T Z (Al [FEE, X
T of(t) A Sy (t) BAFFERMAT 2R (7) FRIA. dt, TR (5) o 3 NMERFILKHEB N

(7)

<[ / " 6X<t>dt] >=T2<|6XAF<kT>2>, (s)
(k—1)T
Sk

6Xar (KT) = \/% /5X (£2x) sinc (Q§T> e A0, X € {N', ' pu}- 9)

B (4)~(9) AT LUHIW 540 T 22 D6 ARRE TR A 7510 e AR DL ARE 7 SR EER.

3 JNW5HR

3.1 SINRKE

S ARG W 1(a) P, THACHE ARG, HKEAEEZNFHFSELN 1o KE
AR R B VAR (Faraday) BEd. KB ZESRAE— AT DARESZ 421 a5 (1) He FL M B8 (piezoelectric
ceramic transducer, PZT) B4 I, i o A8 4 il fo s Ol 5 vl DA B 5 HLAR, I3l A KB
AKFEAS T4 H— GELEOE S Ly (CTL 1550, TOPTICA Photonics AG), P K H0ME N 1531.00
nm. AT IIE B3O THEOE SRR e Y S AL AR E U7 A R B, TE SR8 I P A O 3 ) AR
H4% Ly (CTL 1550, TOPTICA Photonics AG) fl Ly (PPCL300, Pure Photonics) 2% e 1T 7t
HA O KB E N 1540.50 nm. (556 MSH A IERRD W 5, 43 a8 =k E B8 T /KCF,
HENZ LR - 2 45 1 (dense wavelength division multiplexer, DWDM1) SEELA . )N DWDM1 Hi%i
H 6 T2 55 B 283 N TR A2 s N /4 i 1. 78 TP 2 BT R T R IS 5ok Ei s 2
F I MBS i o A B S, AR B A 2 (DWDM2) 73 B A o 1 HE 5 1A 5
HEE S ) DWDM2 i IS R S w11 5 N — &8 FYPRE 56 THI%E (SNSPDI,
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W REE: AP e Lr T A AR R AR E T VAR 7L
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1 (MEIRE) EFLERRRELATSMUNBMNRELIBRES FHNUFFMNEARER. (a) TR AL,
# DWDM, ISO, BS, FM, PZT # SNSPD #alAZERSTEMR. KiEER. TR:[ . AAERNERER, E
HIEMBSIRE B FRMEF; (b) TONEBALERMNELR; (c) FINFAREHETHLSE LTItk
BERUMELER; (d) FHNFARZFETHESE LI REENE A ST

Figure 1 (Color online) The experiment setup of phase stabilization of unbalanced fiber Michelson interferometer and
the typical results in open-loop measurements. (a) Experiment setup, DWDM: dense wavelength division multiplexer,
ISO: isolator, BS: beam splitter, PZT: piezoelectric ceramic transducer, SNSPD: superconducting nanowire single photon

detector; (b) result of the FSR measurement; (c) the time evolution of photon counts of reference light output from the
interferometer versus time; (d) the frequency representation of the result in (c)

W [F) B R, BN 80%, FETHEL <50 Hz. BOG BRI RE ™ A= 1 BBk vp {5 5 & 8T8 J 3k N s st
P . XS, AR R U A AL B (STM32G431, STMicroelectronics N.V.) 1
HAT B E TR, A3 FEAR S S v B S TS T B 2 %, R PID #5092 (& PID 4%
) 500%) AR B TR T I A U R A N (S T, B R R TBOR A (PZT s R AR
RS, WA HL) AR TBOR JE KRS . A5 S /E FE R By i B4 b, Sl A Rn i i i) T VA M
IEL A A SR AL B3N, ST AC B AR AR E . St il e 28 SR D00 R W M 7 okl &
%%, SNSPD1 iyt i k45 5 AR BE N Sz bl B i RIS, A — 6 I TR B0 e 2% (time
to digital converter, TDC, quTAG, qutools GmbH) #4176 F 115, J&F vt (Al 18k sh ] LLA Sk
FUWT S At ) 5 R AR H; 3 —22, DWDM2 it BE SO A o — G 90K 4 SO T3
#% SNSPD2, JER 2 A TDC X H AT a7t 8. 78 o3 N 7 He v M B 1 i R I, e A5 5 0
ST, MIRTEROG 3T S SR AT LKA S ez i AR 15 R0 ik 1 I & AR v R oz
£z
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3.2.1 FH TR S RIRS HHEE

Segm b, FI TP AGR 5 IR H AR DL € OGS A3 A5 0 11 2 150 2 AR AR 7 R Ek 3
T ELHTE H IS X PSRy, ATEE T 22 6 it B A S 25 03 AT iR 1 it
LRI E FSRy. TESLIGT, A Lo MASMIIEETE 1.2 THz EHEIN S H R, JHiE B E
M#E (PDA10CS, Thorlabs, Inc) &5 G ni#% 7 =T 2k, BRIR4 Rl 1(b) Frx. Bk
Bl 1(b) "JLAf3 3] FSRy = 104 MHz. T ¥AHE GBI PR T B4 14 2 4 B B it 28 o) S8 SR 1)
Rl N T ANZRR AT IR, FRATI SUBERER, B Lo i H RO IR R HOE K TR RN T,
B OB INAE PZT bR H R TAEEMALA /2 WAL E (B YT Hos 2 1)~ 3 {E N
~60 kHz), XT3 0C H 12 2 511 BOE I (] (0 AR kAT Il &, sS85 R 1(c) s, &Rk
9 25 min. M 1(c) T LAE B, 25 K7 E B R I AR, FLIR FE B K T i kv . %
Bl 1(c) IR AT L A e, 15 3% v O A AR 1, Wi 1(d) A — A FE R
1(d) HHIE— IS E 5 HERN 5.5 x 107* Hz, H—LIFR N B B AT % 5. 7T LLE 26
TR AT B PSR 2, —FPBEE SR £, BB T BEECE AR, 5 — Ry — A FE
B8 A HA— S % E /N T —65 dB FIMERS. DLEY f, = 1 Hz NS, TEIZAIR 2 J R 2 J5 3 9 gk
A EFIER. vTLUE 2DEFIH ORI s 7t E LR /NT 1 Hz e LA, R
FIHBAIE AR, A5 T AIALERE I SN T 1 He, S0 138 B N K T AR AL . DRk, 78
Ja R AR BT, RBTEUR I T &N T s RATESLR R T T = 500 ms, T
=200 ms Al T = 80 ms K]Stz 45

3.2.2 BFATREENRE/MELHUNELERS D

FIWT AR AR A8 7 A RO IR — A B B IEA 2 SRS 55 A0 T 2 2 0 1061000 % FE Bk T8 A A e £ 30
[P B A5 A, BN SRR B ) s B AR AE o) @, FATTRI A Kt (WS8-10, HighFinesse GmbH) XK H Lo
Ly BIZE AR [ (RSt &, W, SEHEN KR EL48 —10 dBm, 4%
MG I AL AT R ) 5 SR 2(a) FivR. B 2(a) 1, SR E Ly BRGNS B 2R B A
2|7 210 MHz, iz 1B 1(b) T A HGIEIX FSRe = 104 MHz. I, Ly B4R
SEPEAT AR R e A6 E. N T BE— IR 24518, BATFIA Ly A1 Ly SERIE A 3540 T80
NZZ, Wit I s il fi s 5 s r R B %4, R BT R 8K A2 48 (arbitrary function generator,
AFG, TEKTRONIX, INC.) B4 = MIEAE SHEMMMA PZT L pd %, [FR 30 H
SENMAT L, BRI R B 2b) Fion. WEHRATLLE R, 4L Ly (EASH IR, b
HLUE(E 5 B3N, S5 6 it Bae B sZ M R ARk, B T T Lk, T ih 22 0 1 S0E
N 120 kHz. HZLL Ly fEASHIEHSAFIFAULE R, R 21 m] WK G F i 808l
M. B 2(a) F1 (b) MG RISV Ly R E AN 2 TS OO A AR e 7 RIER. X T Lo,
HARRL R L /N T Ly, (A2 R W2 52 20 (6) MER, 38 7R ZER HAN SR 30 /F e =0t
T WRKITSEEE FBE 2(a) HRFEAIZIE SN, AR RS EUR R G, AR
FHAR AT A SR AN 7 SO0 LR I Bk IR 3R AT P35 DRk, i Bhal (8), F-ATTAT T = 500 ms, T = 200 ms
F T = 80 ms [BRPIEN 7 ZRATIHEL, 198 (|0 fAp (KT)°) 435129 0.15, 0.15 Fl 0.17 MHz. Jbhb, 3
AR RO AR A AE LI (8] P9 RSN, BRIt bR T 22 v S A oA B e AR A 05 24 6 min AP
. AT 8 BRI N T WA S5 T2 200 705 BBk, FRA17EF R4 H 0 %08 120 kHz

705



BN & AP ED AT AR AL A E 7 EWE I

S
=
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g 3
=
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2 (MEMEE) SELFERE/SNERDNELREDINER. (a) SEPERKIEMAEIRUNELER, B
FREMIEBHEIHAU L M L (EASERRBIMNEGR; (b) FHUAESEXTIHRSRMT PZT M8
EHXR, EFREMIEHEDHAINA L M L (FASERRBINLGR; (c) EEATFHMEMEIRUNNES
R; (d) FNEFHLIT/EAALE, SEXFEHKE . RN FSMRRARE 5 BN FS UL FHERE Vv,
Vi # V. 7 (d) o, RIEHEAEER 500 ms

Figure 2 (Color online) Experiment results of the photon number fluctuation and frequency jitter of the reference light.
(a) The time evolution of frequency detuning of the reference light. (b) The photon counts of the reference light versus the
PZT voltage. In both (a) and (b), the red and black dots are obtained in the measurements with Lo and L3, respectively.
(c) The time evolution of the reference photon counts. (d) The variance Vs, V3 and Vi, in photon counts of reference

light output from the interferometer, induced by the reference photon number fluctuation, frequency jitter and phase jitter
in interferometer, respectively. In (d), the photon counting period in feedback control is set at 500 ms

44T, FIFH SNSPD1 Al TDC X3k HEOGRSE Ly BIFIAHTOEEET 6 Tt %, H B0l BE I 18] 134k
W 2(c) Fior, B SRR 10 ms. R (5), FERFHEHIE 5 RE TR, AT
WHA] T G T Bk 5. BRI, 406 T = 500 ms, T = 200 ms Al T = 80 ms iX 3 Fhif,
FATXHAHAB ) 50, 20 F1 8 AN pHEATRAN, AR5 THSLRA G Bds 1075 2, 58158 (8) H I (JoNAy (kT))?)
S8 1.38 x 10%, 2.2 x 10* A 3.54 x 103, N T @RS H 67 KA A F T R, iR bRk
SR T BIEEE N 7.5 min 2 NG TR AR AL .

TR T B HN TR ERIENSREL SR HEZ 2 5, ARAER (5) whml LAS 26 7 % FE ik
AR B2 5 R I T WA S H 6 T O 2 Ve M1 Ve BRI (6) RIS 242 75
B, BT BSOS A MR S EEE. ZEEE T UUNE 1(c) FIRMITFIR &4 T E o 7t
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KB B[R]V AL (280 PR B Sk, BRI S, Bk, FREERT T = 500 ms, T = 200 ms fl T =
80 ms K 1(c) H A EIE AT I LAV B S pdE e BB, 20, RAE R (2), AT AR B AN R
LA TAE 55, BRI g (KT) = arccos [2Ngz (KT) /No — 1] (BFRTE] 1(c) HACE AR RE R A 571 130
4% Bl o (kT) = arccos [2Nos (kT) /No — 1] + 7 FRE 1(c) TR ARL R RN IERIEESY). 16 R b
Pl R BT AR AR AN S T R B E AR AL BB, R Gt LIS AR A A ME A TAE fk R &
BOEAA, BT AR AU SO o 805 Z2 0, R T BB RAR AR T LA St - A 2 18]
). fESbR R R, SRR 13 MEARTH R e T80T % (02 Now o (KT)). HRIER (4), FI
F (6% Noi o2 (kT)) W8 FE Vi K1V, AT DS BTG ALK SR S5 T 507 %V, B 2(d)
ST R ESCIAR ([N A g (kT)[?) BT (16 fop (RT))?) HHEAS B AR RIS Ve ATV, BURF
FH (6% No1on (KT)) R (4) HHEAFEIN V,, . TTUAEBILE KB HAMGS, K (6) H BRI AN 5612 i
ST, BISGIR B AR PRI 2 T DU AR 8 77 R EER. (R B E /AN 0 1V, HBL, XTEYEE 1
FEARRVFH L, HX 0 83E L BE oo = 0 ~ 0.2 JEEZ W, XS RATRERIET 256 7R
2 JEE Bk R D B R U5 OO R s T b sl & P8 e T BUR R B w2, BRI 2(c) Hob it
HOr g = T 1(c) RIERKIY.

3.2.3 TSR ESSINER

TEUESE TGRS Lo MRS E M mT LA & SEEUAR L Fo v L B AR 2 5, FRATTHE— 20 X0 T35 I AR
PrARE 77 AT 1 S5, B 2, RN A 0 S T R B, 0 e AR B A R R AR R
WA 225 61 BB I TR AL, SR3e 45 A 3(a)~(c) B, FEME 35 B A0 TAE S
1E /2 WAL E, P E0E 2 60 kHz, MWEIHAT DUE BIFEIE S 3 AN RBTHEUE AR 2644 T, It
] T B e B 7R E SUR. RS IR R B 2 JE, ST R A T ENER. &
i S R 2 I, 7E R B PID By RO AR B AR 4 gk v] LA SRR E T Ok tH oGt
HARE. (H BRI B A RME R, 7520 R UK R 2L & AT TRE. &% T = 500,
200 A1 80 ms, SEE AL ki 22N 1.2 x 1072, 6 x 1073 F1 3 x 1073, K, 4%F Eid 3 e
Wt BUR W, AT LS SO RRE. ST T = 500 ms Al T = 200 ms, 5% H1 R A5 5 LT
T AE 60~83 kHz Fl 80~115 kHz JE [l N K AEGAR ISR, XS T T = 80 ms, T IMHAM AT
JERERRE, KPR S 2 Ja, G T U R R e 25 € ) TAE s, SRJEAREAE 116 kHz Pz, 7E
Kl 3(a)~(c) A RBEIEGT, @B RS 4L, AT HAENKR S 5 F1 6 min Z[AIIA—
A EFHAAI SN, M A B R B4 RO 25 SR 0] LG B s i i R G IR AR A SR S B T A kb
. B 3(d)~(g) ol TIHFEGL N 3 Mg RGO T BOG TR I A5 B 0 T U A 4t
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Figure 3 (Color online) Experiment results in stabilizing the phase in unbalanced fiber Michelson interferometer. In
(a)~(c), the shallow pink region contains the time evolution of the photon counts of the output reference light with
feedback on, while the shallow blue region corresponds to the results with feedback turned off. In (a)~(c), the photon

counting period in feedback control is set at 500, 200 and 80 ms, respectively. (d) The open-loop phase distribution of
interferometer. (e)~(g) are the phase distribution corresponding to the results with feedback in (a)~(c), respectively
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Figure 4 (Color online) Experiment results of the single photon interference of the reference (red dots and line) and signal
(blue dots and line) light
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Abstract By using photons to carry quantum information, optical quantum information technology plays an
essential role in quantum communication, quantum metrology, and linear optical quantum computing. In recent
years, the unbalanced fiber interferometer has been widely applied in preparing, manipulating, and measuring
photon qubits. However, the unbalanced fiber interferometer based on fiber devices is sensitive to the environ-
ment’s thermal, mechanical, and acoustic noise. Thus, phase stabilization based on feedback control is essential in
utilizing an unbalanced fiber interferometer. The existing phase stabilization methods typically employ a reference
laser combined with optoelectronic detection, thus introducing additional noise to photon qubits. In this paper,
we propose and demonstrate a feedback control method to stabilize a phase in an unbalanced fiber interferometer
by combining weak coherent reference light and single photon counting. Using theoretical analysis, we realized the
phase stabilization of an unbalanced fiber Michelson interferometer with an arm-length difference of about 1 m.
The results showed that the jitter of the stabilized phase is less than 0.042 rad, while the visibility of single-photon
interference fringes is higher than 99%.

Keywords unbalanced fiber interferometer, feedback control, weak coherent light, photon counting
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