%43 % % 19 #1/2023 £ 10 B/ FR

K EHRIK

51 )7 105 B 38 65 1 % Rl 1% 22 % T L A 5 M58 s 114 535 1)

} I g4 ¥ 1,20
Edp, rA", 1E
Ui E R R B R B RS LS AR T, E MR KR 1300335
PR R R T i S F 9T e LAl B S B e B A e, WY AU 310024

WE ASOHFSE T 51 70 R I BT 0 2 0 5% 25 X 2R A8 BE ) T TL (tilt-to-length, 1 BF £} 8 15 6 R 52 1 =22 1] 4 ) 7 & B 75 114 5
Wi o PR AR AL 2 A AL ASURT 5 g ity B B v ) R I R 4 22 BE AT AL, 015 023 M 5| 0 B 5 ) B8 T 981 2 22 X
M o7 P A8 A ) B2 0, 2 T 315 1 O 05 5 o @ 3RO T AU R A TE TR RO s R &8 LT Rt i 7510
U B L BT ) 2 VR 3 2 B A A S B0 T TL RS 5 MR (Y A8 AL 1 00 o 38 e ok LU 2 B, 51 gl B 3 ) 2 5 55 W B Y R R
22 851 3 P B B ) T T LR & W 75 B0 52 W DR T AU S TT A 2 ) B BE 2 28 22 % TTL & M= B . BB
[i] (4 1 2 2 R B T T LR A5 M 1 72 AL 5 YR B = 8 =2 [R] A B 88 0 2 = B R0 5 2 [ R B B 0 22 R B TTL AR
W 7 1 A8 AL A5 5 A B 5 ' R R B 4 22 TR) 9 B 2 A 25 % TTL RE A M A 09 28 A2 AR /N, AT LLZ I R 3. 4540240
T B 2R R 22 S BORY TTL A M 1 28 Ak 1k 5 434 gl o 38 22 ) S i R ML A A o 70 28 0 25 IR 51 3 gl B 5 A, 7
& TP RS OB A B R R 2 o I LT LS OB R B T S R R R 2 | A R DT B [ ) e T
725 B0 T TL ARG M P DR HRTH b e 3 32 5 RO 2 M) Y B 2 8 22 S B0y TTL AR & IR s

DOI: 10.3788/A0S230675

AR A R T I AR BE . T AR ST 51 ) B

LgEiE AR, MRS Sl U, S, M4
FESES 0439 XHARER A
1 5 E

H N LIGO Hb T 51 g i K306 1 B H2 4000 3 5|
TP JE N R T BER T W WA A B 1 AiE
SET % TR 5| U IR RE T R B 1k
A 9 5 1 R SC SRR R T T B, % SR SO A 3 2 1Y
EENXEK,

BT BB TH 51 7 U R0 A7 B M Bk i R AR R B
B CEE R Ml A A e T R Y R T R T
PR 7 | 7 I8 AT B S BBl N IR T T o A BRI R R T s
[ 5 BB A A o KA IR, R 2 B EOET%
W2 R G A K2 Xt g P kAT 3 . {22
TR 2 AR R AR 2, B REOE T W& RS
F Wi B S i Ak TSRS S BOH TR (R B Y
PR T R AR e — € 1 A BE 3 . ATl
ZI A ER G RDERE SRR SE R R
TTL(tilt-to-length, f B £ 2 5OGRE H Z B 89 # &
M7

BLAE T TR B S B oK ) T
PR BOR A BAR AR Bk BE R R8T R R DL ROK &
B, PR 5] I R Y A R b el T A R 25 1Y A
e, 2 BT B R 7 AR A, BUE TTL R & s

TG G ) e R 1R 22 X TTL A% A W = (1) 52+ 43 5 %
5T 51 1 B2 e % 1 2 U8 1% 25 % TTL A4 M A5 52 iy
AR, AT LA T 48 S S Bn 09 23 [0 51 7 3 BB 45 11
LEVE AR, ] 0 B TTL RS A MRS 728 0 7E — 22 RO IG
IR, DAGRAIE 52 B A 7= 19 25 8] 51 ) 3% 22 0t 5% e % 15
&SI B A FH 7 oK o

Har, EANC &t 7 2 Fh 28 [\ 5] 7 % 2 50 55 I %
AT T HEFE A0 Verlaan % 58 T K R
(ESA) &1 5] J1 3% B2 35 B3 10 4 A2 28 14 58 A1 HT 3% 3h
P fiE . Schuster 287 #F 78 T e /N M0 38 B BT AL E
TTL#E A M 89 )73 . Gudrun'™' 35748 7/ TTL #8
A WS N B AR R G MU B 1R R B8 . Korytov
SR Y T BTl Rk R R G K IR 5] ) kR B
By R 45 0 B9 88 5E P . Bender 5T T LISA 34
SR IN R B o e A G R O A D O 2 ) BN
N B R U BT 2% Zernike 1 A 4y B o Jean-Yves
Vinet Z" G 24 2 G B9 HH 47 9¢ R 43 B LISA B it 5%
B 38 1 $F sh R o Livas 2857 OB FE B E 1 A 4% HE
S B AR B AR BT 5] D B A B A MK 4 . Sanz S
R MR T 5] )1 BB 00 TAEAR S i 728
B, Sonke "' T TTLHEA MR AYBIAL . A I Al

Wi BEHEE: 2023-03-14; EEHH: 2023-04-10; KA B 2023-04-17; MEE X BH: 2023-05-08
ELWB: EEAKRP#IES(62075214) R GE— R4 WA R OF52 5 H (E10861N2A000)

BIS1EE . clompfangchao@126. com; "wz070611@126.com

1912001-1


https://dx.doi.org/10.3788/AOS230675
mailto:E-mail:ciompfangchao@126.com
mailto:E-mail:wz070611@126.com

GO i 2 IO R0 U A B R B8 AR R T R il g
B, UL EWFRERAR Y MBI B M a xS
TTLHEA MR Z BB N TE R R o 25 [ 5] g ik 20 %
B SRy B 0] 06 1 95 I D' 2 2R G 1 2 4 L A, TR
FE A L A] O T 5 0 G e LA 23 1) 5] R
0 g 8

BT TTLRA WS 25 i B b iy 2 oK
W P R | D B e A S B TR R R 3 X
SN TTL RS A MRS 7= Az 52 W, T LA 8 370 55 1) 25 8 8
25 TTLHA M Z (A B & W0 78 X 51 7 ik 238 0 B
B TR EE 5] ) I m B B A 22X TTL
R A W s 2 7 AR BRI 52 ) D 3 e 1 51 T i R I
BRlEmW A ER, HEN THEENIEES
TTLHEA M 22 18] S B 0 1F 53 20 fif A 4R GH .

AR SC3E S 5 B AR T A U T 25 8 AR R A 5 T
B, AR S i B ) TTL A& W7
A3 T BE S B A R N 25 X0 T TL Al 4 M 75 7 A= (i S
oK I T 2k I 5 g ik R G B ) i AR P X TTL R & e 7=
TR Y 2 E R 20 B AR 4 SR T 4R T 5] e
BN
2 REJHPR AN TTL ARG M= Al 52
2.1 ZFE5|NEBRERNEIT

TEREBEOET WM ENS:R G, A THEE T T
KRB b S BOL S 5 00 & B S B R T
15 596 2 2% O 48 bR B R MG AR ReE M R, — il
JH 3 i 0 B B A R O AE I R R O
MR B TT 38 A5 BE3RK, BT 19 23 (] 51 7 9 22 30 % 1Y) 245 4
SZHANE 1R,

F1 B Y I F SR

Table 1  Structural parameters of off-axis quadruple mirror

telescope
Radius of .
Thickness /
No. Name curvature /
mm
mm

1 Primary mirror —12xx. XXX —600

2 Secondary mirror —8X. XXX 660

3 Third mirror —6XX. XXX —58. 141
4 Forth mirror 3XX. XXX 118.013
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Table 2 Distance tolerance values of installation and adjustment

No. Component distance Design distance /mm  Tolerance value /mm  Actual distance /mm
1 Aperture and primary mirror 600. 000 0.200 600. 200
2 Primary and secondary mirror —600. 000 —0. 200 —600. 200
3 Secondary and third mirror 660. 000 0.200 660. 200
4 Third and fourth mirror —58. 141 —0. 200 —58. 341
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Fig. 4 There is an installation error between aperture and primary mirror. (a) AS, pr change curve; (b) Line graph of AS, ¢ rate of change
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Abstract

Objective  The influence of the installation and adjustment error of gravitational wave telescopes on the TTL coupling
noise of the telescopes is studied. Since the TTL coupling noise is the second largest noise source, during the actual
engineering of gravitational wave telescopes, the installation and adjustment will affect the TTL coupling noise, with little
correlation between the telescope’s installation and adjustment and TTL coupling noise. Therefore, the research on the
relationship between the telescope’s installation and adjustment tolerance and TTL coupling noise is significant for the
engineering of gravitational wave telescopes, and how the gravitational wave telescope'’s installation and adjustment
tolerance will affect the TTL coupling noise determines whether the final gravitational wave telescope meets the
requirements for use. The research results can guide the installation and installation and adjustment of gravitational wave

telescopes.

Methods We can judge the installation and adjustment processes of gravitational wave telescopes by simulating and

designing a gravitational wave telescope that meets the requirements of the wave-front difference index, calculating the

1912001-7



£ 43% F 19H1/2023 £ 10 B/ RFFHR

TTL coupling noise of the designed telescope, and analyzing the influence of the telescope'’s installation and adjustment
tolerance on the TTL coupling noise. The variable of installation and adjustment tolerance is sensitive to TTL coupling
noise. By controlling the variable method with other parameters unchanged, only a certain installation and adjustment
tolerance is assigned in the gravitational wave telescope, and the influence of the installation and adjustment tolerance in
the telescope on the change of the exit pupil position is simulated and analyzed. Then when the laser interference signal
passes through the laser interferometer and finally interferes with the four-quadrant detector, the variation of TTL coupling
noise due to the installation and adjustment tolerance of the telescope is calculated. The relationship between the TTL
coupling noise of the intersatellite laser interferometry system and the sensitivity of the telescope’s installation and
adjustment tolerance is established. In addition, the requirements of the TTL coupling noise are employed as the criterion

to establish the model relationship between the installation and adjustment tolerance and the change of TTL coupling noise.

Results and Discussions Comparison shows that the distance tolerance between the primary mirror and the secondary
mirror of the gravitational wave telescope exerts more influence on the TTL coupling noise of the gravitational wave
telescope than the distance tolerance between other optical elements exerts 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 that due
to the distance tolerance between the secondary and third mirrors and between the third and fourth mirrors. The installation
and 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 installation
and adjustment tolerance of each optical element and the jitter angle are distributed in a parabolic law. By analyzing the
installation and adjustment tolerance of the gravitational wave telescope, the relationship between the installation and
adjustment tolerance of the gravitational wave telescope and the change of TTL coupling noise is established. Via 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 and third mirrors, and 9. 311 times the sensitivity of the third and fourth mirrors. The TTL coupling noise
caused by the position error between the primary and secondary mirrors can be reduced by the secondary and third mirrors,
and that caused by the position error between the primary and secondary mirrors can be reduced by the position error

between the third and fourth mirrors.

Conclusions When adjusting the space gravitational wave telescope, we should focus on controlling the distance error
between the primary and the secondary mirrors. The TTL coupling noise caused by the distance installation and
adjustment error between the secondary and the third mirrors, and the distance installation and adjustment error between
the third and fourth mirrors can be adopted to partially offset the TTL coupling caused by the distance error between the
noise of the primary and secondary mirrors. During actually adjusting the gravitational wave telescope, the distance
tolerances between the primary and secondary mirrors and between the third and fourth mirrors should be considered
successively, and the position tolerance between the secondary and third mirrors should be guaranteed. Our study analyzes
the sensitivity of the installation and adjustment tolerance of the gravitational wave telescope to the influence of the TTL
coupling noise, which can guide the actual installation and adjustment of gravitational wave telescopes. At present, we
only consider the influence of installation and adjustment tolerance on the TTL coupling noise of gravitational wave
telescopes, and the influence of processing tolerance on TTL coupling noises will be discussed later to guide the processing

and installation of gravitational wave telescopes.

Key words instruments, measurement, and metrology; gravitational wave; interferometry; telescope; installation and

adjustment tolerance
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