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Abstract: To develop a weak-light detector that meets the needs of space gravitational wave detection
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in the future, the performance detection of weak-light detectors was initially carried out, and the
performance parameters, such as responsiveness, response bandwidth and background noise, of the
detectors were analyzed, for finding out the method and solution of weak-light detector development
that can meet the requirements of future space gravitational wave detection. Firstly, according to the
design scheme of the space gravitational wave detection, e. g. Taiji. including laser power, orbit
design and star spacing. the parameters of the detector required by Taiji were calculated. Next, three
kinds of weak-light detectors were developed by the China Electronics Technology Group Corporation
No. 44 Research Institute, Southwest Institute of Technical Physics, Shanghai Institute of Technical
Physics of the Chinese Academy of Sciences with joint efforts of our research group. Finally, the
responsivity, response bandwidth, and background noise of the detectors were tested by the low-noise
heterodyne laser interferometry system developed by our research group., and the factors affecting the
performance of the detectors were analyzed. The experimental results show that the responsiveness of
two detectors is better than 1. 8 X10° V/W and that the response bandwidth is greater than 10 MHz,
The ground noise of the three detectors is lower than 10 pm/ VHz@10 mHz (0.1 mHz-1 Hz), and
the signal-to-noise ratio is higher than 20 dB. According to the aforementioned experimental results,
the three detectors have the potential to meet the requirements of the Taiji Pathfinder in terms of
responsiveness, response bandwidth, and signal-to-noise ratio.
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Fig. 1 Schematic diagram and physical picture of detector A
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Fig.2 Schematic diagram and physical picture of detector B
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Fig. 4 Schematic diagram of low-noise experimental setup
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Fig. 5 Physical picture of low-noise experimental setup
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Fig. 6 Schematic diagram of heterodyne laser interferometer
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Fig. 7 Phase noise of phase measurement system

Sy 3 B H Al PR 2R 0T 2 PRI g AR i M 7 0 3 Y
SO 0 0 K A 0 A% 7 — A A 5 o0 I B
FIABN AR R GE b 5 [R)f y X) He S g 45 21, 45
S ZES BRI E N 1 MHz, 5 R G0 TAE
HAS EWAR R —80(2X10 ? Pa); S Ah F il —
TR CHE N 10 oW, 55— BT 8 6o AR 5 4%
W 7 E AT BCAE o DLORIIE AR 25 1 it 15
W 2R 800 mV, R &% A, B, C YA iK1
e ant& 8 firzs . il 18 8 nl A K &% AL B, C iyA
MR YK T 10 pm/ VHz @ 0.1 mHz~1 Hz. H

AR 2% B A A KR A E 4 pm/ VHz @ 10
mHz~1 Hz. {H K& 55 AL, S0 28 B A9 AR
W e ot T 23R OB AEK T e P 348 K I 2 AR C Y
AR — BRI AR 10 pm/ VHZzZ T, X £ W
PR 2% B 5 32 1 B2 W 75 U 3 A 2 e, R 51 TR BE
- A7 L I

1 00
>I‘N
il 112
g
&
= 10 A
a
wn
<
— 10 . \ \ . .
10~ 10 10~ 10 10° 10!
Frequency/Hz

8 PRINAS AR IR 7 2k
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