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system with high magnification

CHEN Sheng-nan', JIANG Huidin'" , WANG Chun—yan', CHEN Zhe’
(1. School of Opto-+lectronic Engineering, Changchun University of Science and Technology,
Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

* Corresponding author, E-mail: hljiang@ cust. edu. cn

Abstract: The space gravitational wave detection is realized by adopting the technology of heterodyne laser in—
terferometry. The accuracy and noise level of the measurement are extremely rigorous. As an important part of
space-based gravitational wave observatory, telescope plays the role of laser signal transceiver, and is charac—
terized by high magnification, high image quality, high similarity of wave-front error over the field of view and
extraordinary ability to suppress stray light. Aiming at above requirements, methods of design and analysis of
the off-axis four-mirror afocal optical system with high magnification are investigated. Based on the theory of
primary aberration, the design method of initial structure is explored. The system has an intermediate image

plane and an available exit pupil, which facilitates stray light suppression and integration with the scientific in—
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terferometer. The waveront similarity merit function is established. After optimization, the entrance pupil di-

ameter is 200 mm, the magnification is 40. The Root-Mean-Square ( RMS) wave-front error is better than

0.005A and the Peak-to-Valley ( PV) value is less than 0.023 ), moreover, the RMS of wave-{ront similarity

residuals are better than 0.000 8A( A =1 064 nm) within the =8 prad scientific field of view. Over the field

of regard for acquisition, the imaging quality is close to the diffraction limit. The tolerance of the system is an—

alyzed and meets the requirements of space-based gravitational wave detection.

Key words: telescope; space gravitational wave detection; off-axis four-mirror optical system; image quality

evaluation; tolerance analysis
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Tab.1 Optical system requirements
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Fig. 1 Initial structure of optical system
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Tab.2 Structural parameters of optical system
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Fig.4 Optical system structure after optimization
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Tab.3 Design parameters of optical system after opti—

mization

42 ( mm) )R mm) iR
F5 -1075 -507.68 Ellipsoid
W -63.13 591.95 Ellipsoid
=45 -947.40 -217.58 -
4L -543.89 235.46 -

5 Aot

B UPTHRZETE SN S B, PR 2E 1Y
PVAE A RMS {6 L3 4. h 3R 4 n] R0, PR IR 22
RMS {H fit T 0. 005A, PV {H A F 0. 0230 (A =
1 064 nm)
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4 Mirror

POSITION 1

13-Sep-19

‘WAVE ABERRATION

FIELD ANGLE - Y: 0.00 DEGREES X: 0.00 DEGREES

DEFOCUSING: 0.000000 MM
WAVELENGTH: 1064.00 NM

HORIZONTAL WIDTH REPRESENTS GRID SIZE 128 X 128
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Tab.4 Wave-front errors on exit pupil

W% ( wrad)  RMS(A =1 064 nm)PV( A =1 064 nm)

(0.0) 0.005\ 0.021\

(5.6,0) 0.005\ 0.023\
(8.0,0) 0.005\ 0.023\
(0,5.6) 0. 005\ 0.022)
(0,8.0) 0.005\ 0.022)
(0,-5.6) 0.004) 0.021x
(0, -8.0) 0.004) 0.021x

KM Zernike ZIAAUS A I P ATIRZE I
K AT R 22, K 6 s, Horb, RMS A

4 0.0040, PV {5 %5 0.021A( A =1 064 nm) . Jf]
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New lens from CVMACR
O: evnewlens.seq
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‘WAVE ABERRATION

FIELD ANGLE - Y: 0.00 DEGREES  X: 0.00 DEGREES
DEFOCUSING:  0.000000 MM

'WAVELENGTH: 1064.00 NM

HORIZONTAL WIDTH REPRESENTS GRID SIZE 128 X 128
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DEFOCUSING: 0.000000 MM
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HORIZONTAL WIDTH REPRESENTS GRID SIZE 128 X 128

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig.7 Wave-front similarity residuals at different field—
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Fig.8 MTF curves of capture field of view

x5

BT —H MR E

Tab.5 Wave-front similarity residuals

MG ( prad)

RMS( A =1 064 nm)

PV( A =1 064 nm)

(0,0) 0.000 191 0.001\
(5.6.0) 0.000 35\ 0.003A
(8.0,0) 0.000 58 0.005\
(0.,5.6) 0.000 57\ 0.005A
(0,8.0) 0.000 791 0.007A

(0,-5.6) 0.000 57\ 0.005A
(0, -8.0) 0.000 791 0.007A

SSABM [()°0

X—

New lens from CVMACR
0: evnewlens.seq
POSITION 1

12-sep-19

'WAVE ABERRATION

FIELD ANGLE - Y: 0.00 DEGREES X: 0.00 DEGREES
DEFOCUSING:  0.000000 MM

'WAVELENGTH: 1064.00 NM

HORIZONTAL WIDTH REPRESENTS GRID SIZE 128 X 128

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.
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Tolerance Analysis

27-Jul-19 8
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Cumulative probability(%)

0
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Fig.9 Cumulative probability of RMS wave-{ront error
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Tab.6 Tolerance allocation of optical system

HAY N FET EX0 K BE =i DUt
LA #2242 ( mm) 0.1 0.02 0.5 0.1
R T R A 0.000 5 0.001 - -
HIEAEEE (A =1 064 nm) 1/100A 1/100A 1/200A 1/200A
22 X [ 2 F%( m) - 5 20 20
Y i #( pum) - 5 20 20
Z [ #( wm) - 5 20 20
2% X Rl ") - 20 20 20
S8 Y A ") - 20 20 20
4% 7 Bt - 40 60 60
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Tab.7 Cumulative probability of RMS wave-front error
FHUM A LMW ATIRZE (A =1 064 nm)
50% 0.005 1A
84.1% 0.007 61
97. 7% 0.009 61
99.9% 0.011 42
-
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