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Abstract

great significance for detection tasks, the noise of the interferometric measurement system is the key fac-

The laser interferometric measurement system for space gravitational wave detection is of

tor determining the success or failure of the task. Laser frequency noise is one of the most important
noises. Therefore, it is necessary to analyze the impact and importance of laser frequency fluctuations on
measurement results. Due to the difficulty in simulating the environment in space, analyzing based on
simulation systems is an ideal approach. Based on the simulation system of space gravitational wave de-
tection laser interferometry measurement, the measurement errors caused by laser frequency fluctua-
tions of free running laser on the measurement results of scientific interferometer, reference interferome-
ter, and TM interferometer models was analyzed. Then, sensitivity analysis was conducted using the
derivative method and Sobol method with interference laser wavelength as input parameter. The influ-
ence and importance of laser frequency fluctuations of reference beam and measurement beam on the
output of three interferometer models were analyzed. The results indicate that: laser frequency fluctua-
tions during free running stages, which will cause changes in the measurement results of the interferome-
ter, these changes are far greater than the picometers. Additionally, under the experimental conditions of
this paper, the importance of measurement beam frequency fluctuation on the outputs of the three inter-
ferometers is 100%, 56%, and 54% respectively. The importance of reference beam frequency fluctuation

on the outputs of the three interferometers is 0%, 44%, and 46% respectively.

Key words Gravitational wave detection, Space laser interference, Laser interference simulation,

Laser frequency noise, Sensitivity analysis
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*k2 FEXAZFEPFERHAN, BHUAERAE
Table 2 Description, position and orientation of each component in the optical bench simulation
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A ST (-0.1, 0.05, 0) (1, -1, 0)
B Sy (-0.1, 0.03, 0) (-1, -1, 0)
C st (-0.1, 0, 0) (-1,1,0)
E GYIREE (0, 0.05, 0) (1,-1,0)
F SRR (0,0,0) (-1,-1,0)
H T (0.1, 0.05, 0) (-1,1,0)
I it (0.1, 0, 0) (1,-1,0)
J BETWALQPD (0.1, 0.05, 0) (0,1, 0)
G 2% THLQPD (0, -0.05, 0) (0,1, 0)
TMT#ALQPD (-0.1, 0.05, 0) (0,1, 0)
™ W (-0.2, 0, 0) (1,0, 0)
Remote TEUOE A /A IO I AR (0.2, 0, 0) (-1, 0, 0)
Adj IR a2E T SO A ST S (-0.2, 0.03, 0) (1,0, 0)
*k3 FHEREHBHISH x4 FHUEN/BHOKNE
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Table 6 Results of sensitivity analysis based
on derivative method
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KT HBZTFH Sobol FERLER
Table 7 Results of sensitivity analysis based on Sobol method for Sci-interferometer
o — B REUESR R SR BESR R
)Ll" lm j_! /«Lm
2000 0.000000000 —34080.509401456 0.000000000 1.000038804
4000 0.000000000 8313.376740156 0.000000000 1.000011119
6000 0.000000000 —6926.120416902 0.000000000 0.999992183
®8 BETIHUL Sobol HEMLER
Table 8 Results of sensitivity analysis based on Sobol method for Ref-interferometer
o — W REUESE bR SRR
i o T o
2000 398.732348967 -2031.565140266 0.443703735 0.556524900
4000 1084.355308514 496.053218558 0.443442013 0.556361816
6000 892.892434128 412.482744570 0.443667763 0.556508727
&9 TM FiFY Sobol FHiEHILER
Table 9 Results of sensitivity analysis based on Sobol method for TM interferometer
. — W REGSETEDR RRBUESER
PSR :
2 o I o
2000 294.825816488 —1455.380150762 0.459104781 0.541125987
4000 801.554373052 355.541338080 0.458833596 0.540966969
6000 660.049114648 —295.382471800 0.459067649 0.541110365

(3) X TR TP ACBA, I GBI R i 5h
S 25 O 05 sl Xt i Hh 14 5 e R 2 43 3 20
100% F1 0; XF T2 % T WA A, P& 430 29 Hy
56% Fl 44%; X} F TM T ¥ AU R, 7 25 53 51 29
54% F1 46%.

SHZEREZW, A BTG O N
B2z T 0N 25 5 0 i 7E oK R, HERin K
FROK G, X AR T ER O TR . BV, I
Zfdi FH TDI(H [IER T3 ) 50 AR Sk AR sl B
s 7 i S R Y. LISA 5 pg B RIS 1 T
Fa. B . TDIJ5 R M s Fe bR, A SC 3.1 157k
AT LIAR R, X TR T AL, BURR 5 I e 5k
Bl BN OCAR 22 B B A -5.64~5.64 m, UE S
N (-2.2~2.2)x10° m, PRI KT R KER. T
TDI & —Fgicdis 5 Ak, Al REAIE & e TS
FEARIHE, SR SCEATE.

AT AR, A S B — By R R

[0, 1] IX[8], BERTASREG 3 —Fir RIBUE, 7520 20
REERL, (HX T HA PN ASEL, I B AS B
HSERITE O, SR BUE R R SRR T — B R,
PRI R B TE B R AR A, [Tt vl L 5
JEA.

RS RAIFTE 1 OE AR Sl 0 R i i )
SN, TEARRAY IR, b m] DL E R 2 A S Rt
ST, Bt QPD 242 QPD MR4E K/, Btk
PRk, IXBEWTFEN TS (8] 51 TP I S fe . 5%
FESECEAR R SoE A AR X

P
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