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Fig. 1. Schematic of the experimental setup for measuring the local oscillator intensity noise and generating the squeezed state

(SHG, second-harmonic generation; EOM, electro-optic modulator; PZT, piezoelectric ceramic transducer; BHD, balanced homo-

dyne detector; DBS, dichroic beam splitter; OPA, optical parametric amplifier; LO, local oscillator; SA, spectrum analyzer).
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Fig. 2. RIN of local oscillator with single-frequency Yb?*-
doped phosphate fiber laser after MC.
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Fig. 3. RIN of local oscillator with single-frequency Nd:YVOy,
laser after MC.

P 4 2R LY R A E R B 05 Nd: Y VO,
TRHOCARATE S50 R GTRDC IR, BRI 3 A
9 HL S I IR IRSRE, [ 5 R AR LT
KA 992 Y BERER SPIDC L BOC R AR 8
B AR GE DGR, ELREI R B A A0 1 s e
SN

SRFHLPY R =B ) 503 Nd:Y VO, BHAREOL
BN LR RGHOCIR, 7efihiz P15 H 180 mW

BE (S0 2 B4R 3 45 19 B R 200 mW), LR
D2 1 P40 B 06 0 R 46 B i Kok (13.2 +
0.2) dB, JJE4i0 (24.7 + 0.2) dB; RAERELT
FREEBG 18 Y BERR £k SO LR Ot #R 1R S 58
55 RGO, FERZE IR A 140 mW B (S22
IR A0 BI(E Jy 200 mW), B HEER I3 /Y s 46
FLAE BN A8 B i KR (10 + 0.2) dB, &
450 (19 + 0.2) dB. DAL fr AL RS R 2 fid

FLR /N A Y Signal & Spectrum Analyzer-2 Hz to
13 GHz B4, i T AL O G 8 A 7 e
K, ARSI iz S R S AR A M R A 3

(.
w w
& S

1

[
PN
oo

1

(24.7+0.2) dB
—50 4 H
—554
—60 "

i

. ey v
(13.2:0.2) dB v V
i

—— (a) Vacuum noise
—— (b) Noise level with LO phase scanned
(c) Electronic noise

|
=
o
1

Noise power/dBm

(.
N
oo

|

|
o
o
L

—g51(c) »

_90 '.r“' I'rnv :“'.‘ I‘ ."wl.‘ ': I"." 1 '". 'I I 1 I 1 I
0 0.1 0.2 03 04 05 06 07 08 09 1.0
Time/s

ey Koy
MW Moty

4 P TEAR ROT AR R 0 4 7S A 016 3 1 Mk A
Jr MR A 1 MHz (53 Bt 5% RBW = 300 kHaz, #LAH 5%E
VBW = 200 Hz)

Fig. 4. Balance homodyne measurements of the quadrature
noise variances at a Fourier frequency of 1 MHz, with a res-
olution bandwidth RBW of 300 kHz and a video band-
width VBW of 200 Hz.
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Fig. 5. Balance homodyne measurements of the quadrature

noise variances at a Fourier frequency of 1 MHz, with a
RBW of 300 kHz and a NBW of 200 Hz.
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Comparative study of squeezed vacuum states prepared by
using 1064-nm solid-state and fiber-laser as pump source
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Abstract

Squeezed states, which have fewer fluctuations in one quadrature than vacuum noise at the expense of
increasing fluctuations in the other quadrature, can be used to enhance measurement accuracy, increase
detection sensitivity, and improve fault tolerance performance for quantum information and quantum
computation. In this paper, the influences of relative intensity noise (RIN) of all-solid-state single-frequency
laser and single-frequency fiber laser on the squeezing factor of squeezed vacuum states are experimentally and
theoretically studied. Here, an all-solid-state single-frequency laser and a single-frequency fiber laser each are
used as a light source of the system generating squeezed vacuum states. The homodyne detection is used to
compare the RIN of all-solid-state single-frequency laser and that of single-frequency fiber laser at the analysis
frequency of 1 MHz. The results show that the RIN of the all-solid-state single-frequency laser and single-
frequency fiber laser are higher than those of the shot noise limitation 2.3 dB and 30 dB at the analysis
frequency of 1 MHz, respectively. The RIN of all-solid-state single-frequency laser is far less than that of the
single-frequency fiber laser. As a result, squeezed vacuum state with maximum quantum noise reduction of
(13.2 £ 0.2) dB and (10 £ 0.2) dB are directly detected. Theoretical calculation shows that the influence of the
RIN on the measurement accuracy is the major factor of degrading the squeezing factor with the fiber laser as
the pump source. The measurement error of squeezed vacuum state caused by the RIN of single-frequency fiber
laser is about 2.6 dB. The discrepancy of the pump power between the two lasers is another factor of affecting
the squeezing factor, corresponding to 0.6 dB quantum noise difference. The theoretical calculations are
consistent with the experimental results, which provides some guidance for developing the practical squeezed

states with highly squeezing level.
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