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Fig. 1. Theoretical model of quantum-enhanced MZI.

Hot, a, bl e, d 4 I MZLE NGB a, b Al H
TG ¢, d K EAF; 0 MG a Fl b 2 8] 1) AH
XFARAL.
¥ra, b EFHAT R TR 6 = a + da(t),
b = 0b(t), Ferh a RoR M TR 10T, da(t)
RIOb(t) 73 M Fm A e BB Tk A
(1) 2k, 7T LA
nea = (% 4+ adX,) cos p + asinpdYy,,  (2)

H 50X, = 0a + dal XRMT AN a i IELHRE
R4 B R, 6T, = 0bt e =1 — obel? T B2 R4
B b 0 IE AR o B AR, B o 5T B
ﬁ&ﬁ&ﬁ%%;%ﬂﬁ%@:@n+ng+¢ﬂ
o < 1, (2) RATHIE A

Neq = &?sin g’ + asinp’0X, + adYy.  (3)

B P SNR S S A I 25 25 A1 GE 75 () LA,
WHERN

SNR= sin ¢

= e"VNy, (4)

Hp N = o2 NHT BRI TR 75, oY, =
e T NAE T IRAEE NS IEZ AL AR, r N K E
¥ MIENGAEZE, r =0, XEANINE
TIRARA I, B 4 FE 03 e oK, =
(1) SNR tH Bl 2 38 K. RO B 25 R4 S e i N
MZI ()77 aE, n] DLSE I 1 3 9 8 MZI, 43 2]
B v R & SNR..

3 LR EE

AT (5 I B B2 R 4R 7S 6 i) 4% S A
FH & -4 58 2 FMZT ) = A0 A0 A A7 9 145 5 1 sk
52 B 2 R,

N T HEAT R SQL B AR AL &, B 7 S
% OB B 1550 nm B F E45 A0, B2k
R NS AR T R AR E. Bot
T5 N FE B2 AT 4F O 28 (NP Photonic Inc.), &
K TN 2.2 W, 0K 1550 nm. 5256 H
FIH 5 3E 7 4 (mode cleaners, MC) BFEAKG A
Jeas O AR S . 1550 nm s iR MC1
JE o R A3 — 3B AN B SRR A B R A o Ak
PR 5 A s, A5 4077 A 775 nm JESE BATROL; 5
—or it MC2 UG 385, 1E 9N FMZI )4
TANI. 775 nm EOEL T MCO3 #E— 25 i ik H A
AN S, /E DOPO Mz, DOPO A H A

244202-2



¥ I8 ¥ 3R Acta Phys. Sin.

Vol. 67, No. 24 (2018) 244202

IR A 1 R S8R ET (periodically poled KTiOPOy,
PPKTP) df 1A Al W] THI B2 2H A% 1) e 8 e 45 4 % 2
WM. PPKTP &4 (1 — Ao 10 4 th 26 128
12 mm BT, 18 DOPO i i s 45, ¥ izt
AR F Ot R (Ris50 nmae775 nm > 99.9%);
mm A B 55— i DA S O R TR B 0l R IR
(R1550 nm & 775 nm < 0.01%). PPKTP & A& fiy R
ST mm x 2 mm x 10 mm. YT 65 ) pl R 2
%25 mm, B3 IZ Y6 R B O I B R
(T1550 nm = 13%, R775 wm < 20%). Mﬁéﬁﬁ_’i?’f
J H ) % (piezoelectric ceramic transducer, PZT)
b, IR B PZT s DOPO IE K . 24
DOPO iz #F B4 LL LA, B DOPO /=4 [ 47 K
F i 35 181 I (045 5 6 AR B G LE i Hh R 2R 4iR
A R i, DOPO Ab T XL IR AR 7.
2 DOPO i # T B H LLF i, DOPO i i 1 T #%
Wedp A E A RSN, 9256 T R AR T 45 i
FEARAE I A R AR (1 R 46 /1, 8 DOPO i Hh 1
RIEZSHAAAREZSELES . BiZEHASEmEN
FMZI 25858, o] SEHLE 7 sm A FMZI, #H47
R SQL AL .

2 47 5B A H B R A FMZTI 2%
AR AL SIS 5 I sE i . FMZIH 1> 50/50
)2 x 2 R LR A G EF 73 R & (BS1) AR RN
10 m ()53 B JE G E PZT2 F PZT3 k() BB 2F
AI1A~50/50 ()2 x 2 AR (1) DG4F 50 A% (BS2)

Squeezing light generator

\
AN ]

light

Pump light

R, PZT IRF2840 mm x 30 mm x 35 mm (4h
£ ox WA x &), AIINECH) i KA N 550 kHz.
FIH A4 ¥Rz 2% (fiber polarization controller,
FPO) i@ i 5 i FMZI (1) P4 B B 6 £ S0 3%
iR 42 ). 283 MC2 i 8 54 B2 1 75 11 1550 nm
MY, VB v EIE 5 008 ig & it
J4F#a A48 (fiber coupler, FO) #y & #E A\ BS1 %
N H A, 7 I FEAAHER R, BT ERGS
Jei gt FC R EEN BST % A I B. PZT1
ez i W A N JC R W AR AR AL, &0t FMZI
450 J5 AT MBI A Z KA SOt &
1 BS2 J5 it om H C A D Fa e, OG5 53 il
N 6 BRI 2% (PD1 A PD2) #E47 480, PD1
A PD2 % K6 FLRAH IS ()5S LS 5 B AR 7
M4 (spectrum analyzer, SA) i35, 3 B I & H g
FIRAE M. PD1 A PD2 ¥ H 1% F AR I8 1Y
BHImE o E R ZEE S, ik R 13045 (pro-
portional integrator differentiator, PID) 42 ] #% Al
B RO 28 (high voltage, HV) Kk & PZT2, i ]
Pound-Drever-Hall (PDH) £ A U]k 4 52 FMZI
P AT AR AT, K445 5 K A 4% (signal generator,
SG) i HARAAE AL R H1)45 5 2k ££ PZT3 LSR8 x)
FEAK MR, WIMTE FMZL —E 16 gl
/N B AR T A AL, 72 S5 b, R R B & 1 1 o Y
FMZIRHRAUH AL 8 1 (5 5 247 2245 SQL Bl &

K2 RS B B e A6 I il 4 S R F - 15 1 FMIZIT IR (o 8 1 5 5 i) SR IR e B

Fig. 2. Experimental setup for generation of vacuum squeezed states at 1550 nm and measurement of phase

modulation signal by quantum-enhanced FMZI at low frequency.
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Fig. 3. Normalized noise power spectra of squeezing
light at 1550 nm. Curve (i), squeezed noise; curve (ii),

SNL; curve (iii), anti-squeezed noise.
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Fig. 4. Measured noise power spectra of low frequency
phase modulation signal using FMZI. Curve (i), with-
out vacuum squeezed states; curve (ii), with vacuum

squeezed states.
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Fig. 5. Noise power spectra of 1550 nm laser. Curve (i), out-
put after FMZI; curve (ii), without FMZI; curve (iii), ENL.
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Abstract

Generation of squeezed state at telecommunication wavelength has been recently a very interesting issue due to
the lowest optical power attenuation of light at a wavelength of 1550 nm in a standard telecommunication fiber. The
low-frequency vacuum squeezed state at 1550 nm in combination with fiber based interferometer offers the possibility
to implement quantum precision measurement beyond standard quantum limit (SQL). In this paper, we experimentally
realize a quantum-enhanced fiber Mach-Zehnder interferometer (FMZI) for measuring the low-frequency phase modula-
tion signal by using low-frequency vacuum squeezing at 1550 nm. Firstly, the low-frequency vacuum squeezed state at
the telecommunication wavelength of 1550 nm is generated by using a degenerate optical parametric oscillator (DOPO).
The DOPO is a semi-monolithic construction based on a type I periodically poled KTiOPO, (PPKTP) crystal and a
concave mirror. The pump threshold of DOPO is 270 mW. When the pump power is 120 mW that is below the pump
threshold of DOPO and the temperature of PPKTP is controlled at 34.8 °C, a vacuum squeezing of 3 dB is generated at
an analysis frequency range from 10 kHz to 500 kHz. The quadrature phase vacuum squeezing is obtained by locking the
squeezed quadrature angle through using a coherent control scheme, in which two acousto-optic modulators are used to
shift the frequency and produce the auxiliary beam acting as a coherent control field. Based on the constructed FMZI,
a quantum-enhanced FMZI is realized by injecting the generated low-frequency vacuum squeezed state at 1550 nm into
the vacuum channel of FMZI. The relative phase between two injected light fields is locked at 7 by using the Pound-
Drever-Hall (PDH) locking technology, and the relative phase between light fields of its arms in FMZI is also locked at
m/2 by using the PDH locking technology. When a phase modulation signal at the frequency of 500 kHz is loaded in
the signal arm of FMZI, the noise power spectrum of the output from FMZI is measured by a balance homodyne detect
system. A 2 dB quantum improvement beyond shot-noise-level at the frequency of 500 kHz is obtained experimentally by
using the quantum-enhanced FMZI. The experimental results demonstrate a potential application in quantum precision

measurement beyond the SQL based on fiber sensor technique.

Keywords: quantum precision measurement, low-frequency vacuum squeezed light, fiber Mach-Zehnder

interferometer, telecommunication wavelength
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