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Table 1 Structural parameters of off-axis quadruple mirror telescope

NO. name radius of thickness /mm

curvature /mm

1 Primary -12xx.XXX -600
mirror

2 Secondary -8x.xxX 590
mirror

3 Third -6XX.XXX -58.141
mirror

4 Forth 3XX. XXX 118.013
mirror
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Fig. 1 Light path diagram of space gravitational wave telescope
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Fig.2 Wavefront difference of space gravitational wave telescope
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Fig.3 Schematic diagram of the optical path of the interstellar laser interferometer
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Table2 Various tolerance values of assembly and adjustmentt

NO. Component Design Tolerance Actual
distance distance/mm value/mm distance/mm
1 Aperture and 600.000 0.200 600.200

primary mirror
2 Primary and -600.000 -0.200 -600.200
secondary mirror
3 Secondary and 660.000 0.200 660.200
third mirror
4 Third and forth -58.141 -0.200 -58.341

mirror

2GR 5 BT 8] PR B A AEH0.2mm 1) 22 A 22, BB S 8 EE DN 600.2mm
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(b) AS ¢ rate of change line graph;
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Fig.8 Equivalent optical path diagram of gravitational wave telescope
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Abstract

Objective The influence of the adjustment error of the gravitational wave telescope onthe TTL
coupling noise of the telescope is studied. Since the TTL coupling noise is the second largest
noise source, during the actual engineering process of the gravitational wave telescope, the
installation and adjustment will have an impact on the TTL coupling noise, but there is little
correlation between the installation and adjustment of the telescope and the TTL coupling noise.
Therefore, the research on the relationship between the telescope's setup tolerance and TTL
coupling noise is very important for the engineering of gravitational wave telescopes, and how
the gravitational wave telescope’s setup tolerance will affect the TTL coupling noise determines
the final gravitational wave telescope Whether it meets the requirements for use, the research
results can guide the installation and adjustment of the gravitational wave telescope.

Methods In this paper, by simulating and designing a gravitational wave telescope that meets
the requirements of the wave-front difference index, calculating the TTL coupling noise of the
designed gravitational wave telescope, and analyzing the influence of the telescope's
installation and adjustment tolerance on the TTL coupling noise, it is possible to judge the
process of installing and adjusting the gravitational wave telescope. Adjustment error variable
sensitive to TTL coupled noise. By controlling the variable method, keeping other parameters
unchanged, only assigning a certain adjustment tolerance in the gravitational wave telescope,
and simulating and analyzing the influence of a certain adjustment tolerance in the gravitational
wave telescope on the change of the exit pupil position, and then calculating the laser when the
interference signal passes through the laser interferometer and finally interferes on the four-
quadrant detector, the variation of the TTL coupling noise due to the installation and adjustment
tolerance of the gravitational wave telescope. The relationship between the TTL coupling noise
of the intersatellite laser interferometry system and the sensitivity of the telescope installation
and adjustment tolerance is established, and the requirement of the TTL coupling noise is used
as the criterion to establish the model relationship between the installation and adjustment
tolerance item and the change of the TTL coupling noise.

Results and Discussions Through comparison, it is found that the distance tolerance between
the primary mirror and the secondary mirror of the gravitational wave telescope has more
influence on the TTL coupling noise of the gravitational wave telescope than the distance
tolerance between other optical elements has on the TTL coupling noise. The change in TTL
coupling noise due to the distance tolerance between the primary and secondary mirrors is
opposite in sign to the change in TTL coupling noise due to the distance tolerance between the
secondary and third mirrors, and between the third and fourth mirrors; The adjustment tolerance



of the distance between the diaphragm and the primary mirror has little effect on the variation
of the TTL coupling noise and can be ignored. The variation of the TTL coupling noise caused
by the distance adjustment tolerance of each optical element and the jitter angle are distributed
in a parabolic law. Through the analysis of the installation and adjustment tolerance of the
gravitational wave telescope, the analysis of the installation and adjustment tolerance of the
gravitational wave telescope and the change of TTL coupling noise is established. Through the
above analysis and discussion, the sensitivity of the TTL coupling noise of the gravitational
wave telescope is known. The primary and secondary distance sensitivity of the mirror is the
highest, which is 15.489 times the sensitivity of the secondary mirror and the third mirror, and
9.311 times the sensitivity of the third mirror and the fourth mirror. And the TTL coupling
noise caused by the position error between the primary and secondary mirrors can be reduced
by the secondary mirror and the third mirror. And the TTL coupling noise caused by the
position error between the primary and secondary mirrors can be reduced by the position error
between the third mirror and the forth mirror.

Conclusions When adjusting the space gravitational wave telescope, we should focus on
controlling the distance error between the primary mirror and the secondary mirror. And the
TTL coupling noise caused by the distance adjustment error between the secondary mirror and
the third mirror, and the distance adjustment error between the third mirror and the fourth
mirror can be used to partially offset the TTL coupling caused by the distance error between
the primary mirror and the secondary mirror noise. When actually installing and adjusting the
gravitational wave telescope, the distance tolerance between the primary and secondary mirrors
should be considered firstly, then the distance tolerance between the third and fourth mirrors
should be considered, and finally the position tolerance between the secondary mirror and the
third mirror should be guaranteed. Through the analysis of this paper, the sensitivity of the
installation and adjustment tolerance of the gravitational wave telescope to the influence of the
TTL coupling noise is analyzed, which can guide the actual installation and adjustment process
of the gravitational wave telescope. At present, this paper only considers the influence of
installation and adjustment tolerances on the TTL coupling noise of gravitational wave
telescopes, and the influence of processing tolerances on TTL coupling noises will be discussed
later, so as to guide the processing and installation of gravitational wave telescopes.

Key words optics; gravitational waves; interferometry; telescopes; adjustment tolerances;
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