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Fig. 1. Architecture of laser intensity noise measurement and evaluation system.
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Fig. 2. Program flow chart of laser intensity noise evalu-

ation system for ground-based GW detection.
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Fig. 3. Evaluation system for laser intensity noise at ground-based gravitational wave detection frequency band, where Laser is soild

state laser, ISO is isolator, A\/4 is A\/4 waveplate, \/2 is \/2 waveplate, PBS is polarization beam splitter, BS is beam splitter, len is

/=50 mm len, PD is photodetector, PA is pre-amplifier, FFT analyzer is SR760, OSC is oscilloscope, V. is voltage reference, PC

is computer.
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Fig. 4. Electronic noise characterization of high precision in-
struments: (a) The test result of FFT; (b) the electronic

noise characterization of pre-amplifier.

SRyt AE A SCIEAL R G R, AR
WEAR S RN A SC R G AT YL B A5 5 Uyt 45
KN 4 kHz  WBEN 1 mV AREE (55, fik 100
fE5IE AL RGN, K 5 e . A OE
ot Xof L ) HE B 0, TR RSN PREL, K BLAE 4 kHz
A — WA, KUK 9% 108 Hz V2, 24148 S A5
SREIEAR—EL, BV A] DURIEAR SC R G .

FE DL SERN E R AT R A 28 i 2 e 7
S G HE A 7 L P2 M 7 A S M R O
TR B RHN R A H R AR Y B R

Kl 6(a) . fe2e, FATESE G12180-130A SLH
TR, BSBHIEHOERE ADTIT S8 A 2030 TE I v
FERISS A TG R 28 AR 2, I3 L F 22 e
PR TN, R IR OGRS X e e A
JEEIPDE, B R 415 VRN R AR S, Ky
fF5HAME SR760 AT HT, fHR125 R a0 6(b)
Fi7R.

102
— R&G FSW-8

-5k SRT60

104§
1075 ¢

100}

PSD/(V-Hz~1/2)

10-7F WA Lkl I

B R L TR T

10-8 E

2000 4000 6000 8000 10000
Frequency/Hz

K5 55 IREESS R

Fig. 5. Verification results with 1 mV sinusoidal signal.

(a) e}
]
11
Ry

NN ‘—
Dt
G12180-130A Oop —CUoptput
(b) KG-PD-L-FS
104 —— NewFocus 2053

— G12180-130A

PSD/(V-Hz~1/2)

100 161 1(‘)2 1‘03 10*
Frequency/Hz
6 (a) SCHLZRINAS A (b) AN [R] I g e X Lo il 3k

Fig. 6. (a) Schematic diagram of PD; (b) the contrast test
of different PD’s performance.

22 ABF G12180-130 A KI5y, T2 s
H1.4x1078 V/v/Hz@10 Hz &8.1x107° V/VHz @
10 kHz. fE R %} e, # # H NewFocus 2053-FS-M
FEEE KG-PD R0 &5 75 [F 4 16 00 T #E 47 HL 72
M7 U, 485 SR AN 6(b) FR AT {6 A {6 2R, New-

034202-5


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 3R Acta Phys. Sin. Vol. 74, No. 3 (2025)

034202

Focus2053-FS-M HLF2£1 7 4 9.1 x 1077 V/v/Hz
@10 Hz & 8.1 x 1078 V/vHz@10 kHz, KG-PD
H 27 MR N 8.5 x 1077 V/VHz @10 Hz & 9.5%
1078 V/VHz @10 kHz, Jf H7E 50 Hz AbA5 — 2RI,
X TR AR gk T L b, 323 50 Hz T
BTG BRI A R SN R SRR AR T %
R R FH BRI A R AR SR TR F b
H, ATSSRTE TLAL A Bt A5 W 7 Qe , 3 AT RS 32 F)
TR T HORNAAEE h A BB G AR & KR T T
T FL 2 5 ) S5 R A o R R U i —
A 2250 F 8 R A v D R R ZR 458 (2131581 )
FHE D& A 25 . ST el el | T 5RO L ke b
B AR — DRI IR I R G M A | P i e
TR IS PEAG v P

B Ja A AW PEAS ZR GEXEAS [R] i FH O 2%
16 A s HUR 10 Hz—10 kHz 45 B PN 1Y 3 &
MRS AT RAE. 43 A% 2 NKT Adjustik E15 3
Jtask i 30 mW ., POBH T RHE A F] NWLD-
1000 it 20 mW | SRIIEE BE AR 22w HQ Fil
FROGE T 20 mW O TINR. DKZs SR an
B 7 Frs. AT AR B NKT Adjustik E15 #0E
ARFR X i FE IR KA ZE 1.2x 1070 Hz '/2@10 Hz &
4.2x10°7 Hz '2@10 kHz; sPO6CH B ERHE 2 A
NWLD-1000 AHX} 5 B2 e 5 K Pk 8.5% 107 Hz /2
@10 Hz & 1.2x108 Hz 2 @10 kHz; IR HE3E 4R
WERHEE 2 F] HQ 3O A 5 B 7R o 4.2
10° Hz ?@10 Hz & 5.7x10°® Hz 2@10 kHz; [F]f,
¥ NKT BOGAS AL 2R 500015 1 A0 X 58 3 W
SEIFTAEIE (-120 dBm/Hz@10 Hz—10 kHz)
HEFTXT LLBRUE, & BN AR B HAR — 5, W] DL
WEAE RGN HERR .

10-4F

10-5F

NKT adjustik

N 30 mW

RIN/Hz1/2
_
[e=}
&

10-7F
NWLD-1000 20 mW
1078 3 1 1 1 1
10° 10! 10? 108 10

Frequency/Hz

B 7 SR O 248 i R RO X i 32 Mt 7 ) 3 45 2R
Fig. 7. Test relative intensity noise results of different com-

mercial lasers.
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Abstract

The direct detection of gravitational waves has opened up a new window for understanding the universe

and trailblazed multi-messenger astronomy. The frequency bands of gravitational waves generated by various

astronomical events can cover a broadband range, and the detection mechanisms and schemes for gravitational

waves in different frequency bands are different. For example, the ground-based gravitational wave detection

has a frequency band ranging from 10 Hz to 10 kHz, which is based on Michelson interferometer. The space
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gravitational wave detection has a frequency band in a range of 0.1 mHz-1 Hz , which is based on space
interferometer. The pulsar gravitational wave detection has a frequency band ranging from 1x10° Hz to
1x10°7 Hz, which is based on pulsar timing array. The next-generation ground-based gravitational wave project
requires higher sensitivity to detect faint signals, necessitating an assessment system with minimal background
noise to accurately measure the laser relative intensity noise. At present, the detection frequency band of
ground-based gravitational wave detection devices in operation is mainly concentrated in a range of 10 Hz—
10 kHz. To satisfy the detection sensitivity requirements, the laser relative intensity noise should be accurately
evaluated and suppressed to =<2.0x10° Hz /2 at 10 Hz and <4.0x107 Hz /2 at 10 kHz by photoelectric
feedback. In this work, an evaluation and characterization system is constructed for ground-based gravitational
wave band laser intensity noise, which is based on low noise and high sensitivity photoelectric detection device
and combined with LabVIEW and MATLAB algorithm programming for instrument control and data
processing. This low noise evaluation system is used to test the background noise of fast Fourier transform
(FFT) analyzer SR760, preamplifier SR560, photoelectric detector electronic noise and intensity noise of
homemade optical fiber amplifier, and then the data extraction and image processing are carried out by
LabVIEW and MATLAB algorithms, and finally the ground-based gravitational wave frequency band system is
evaluated. The experimental results show that the electronic noises for the preamplifier SR560 and the FFT
analyzer SR760 are lower than 3.8x10° Hz'/?@(10 Hz-10 kHz). The electronic noise for the photodetector is
lower than 1.4 x 107® V/v/Hz at 10 Hz and 8.1 x 107° V/v/Hz at 10 kHz, and the accuracy of the system is
calibrated and tested by the standard sinusoidal signal. Finally, the noise of commercial laser is evaluated and
compared with the factory data to verify the accuracy of the evaluation system. Related research, device and
system development provide hardware, software and theoretical basis for preparing high-power low-noise laser
light source and gravitational wave detection, and also provide the theoretical basis and evaluation criteria for

detecting the ground-based gravitational wave .

Keywords: laser intensity noise evaluation system, gravitational wave detection, low-noise laser source, low-

noise photodetector
PACS: 42.55.Wd, 42.60.—v, 04.80.Nn, 42.60.Jf DOI: 10.7498/aps.74.20241319
CSTR: 32037.14.aps.74.20241319

034202-8


http://doi.org/10.7498/aps.74.20241319
https://cstr.cn/32037.14.aps.74.20241319
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

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TH [ 0 5| S B RIS B 7B R P WO IR B TR 5 VP Al R

Foy T FE FRE KR RAE WA LVF FI FER KEE

Ultra—low—noise laser intensity noise evaluation system in Hz frequency band for ground-based gravitational
wave detection

LI Xiang WANG Jiawei LIFan HUANG Tianshi DANGHao ZHAO Desheng TIAN Long  SHI
Shaoping LIWei  YIN Wangbao ZHENG Yaohui

5| {5 B Citation: Acta Physica Sinica, 74, 034202 (2025) DOI: 10.7498/aps.74.20241319

TELERE View online: https://doi.org/10.7498/aps.74.20241319

BN 2 View table of contents: http://wulixb.iphy.ac.cn

LT RO H A R

Articles you may be interested in

TR i) 2 [0 5 | eI B i E M e A R 4

Laser intensity noise evaluation system for space—based gravitational wave detection

YrH2E4R. 2022, 71(20): 209501  https://doi.org/10.7498/aps.71.20220841

45 = A T OGR4 7
Laser parameters requirement for third—generation ground—based gravitational wave detection

YrHE2E 4. 2022, 71(16): 164203 https://doi.org/10.7498/aps.71.20220552

HOEET | 3 BRI T ) B2 B A R R 2
Residual gas noises in vacuum of optical interferometer for ground—based gravitational wave detection

WIFEAEAR. 2024, 73(5): 050401  https://doi.org/10.7498/aps.73.20231462

T i) 25 1) 5| 3 5 A0 ) 2l 5 A0 B AP 5 2 W P BB G o

Millihertz band low—intensity—noise single—frequency laser for space gravitational wave detection

Y2, 2023, 72(5): 054205 https://doi.org/10.7498/aps.72.20222127

T 1) 25 1) 5 | 3 R 000 ) A AP MR P vl L Pl P ST
Programmable precision voltage reference source for space—based gravitational wave detection

YIBR2FA. 2023, 72(4): 049502  hitps://doi.org/10.7498/aps.72.20222119

LT A R AP BRI P ™ A D5 vk
Low—noise microwave generation based on optical-microwave synchronization

PFEEEAR. 2022, 71(4): 044204 hitps:/doi.org/10.7498/aps.71.20211253


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241319
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220841
https://doi.org/10.7498/aps.71.20220552
https://doi.org/10.7498/aps.73.20231462
https://doi.org/10.7498/aps.72.20222127
https://doi.org/10.7498/aps.72.20222119
https://doi.org/10.7498/aps.71.20211253

	1 引　言
	2 激光强度噪声评估系统架构及方案分析
	3 实验装置、结果与分析
	4 结　论
	参考文献

