266 & 26 2 1
2025 F 3 A

K X % ik
ACTA ASTRONOMICA SINICA

Vol. 66 No. 2
Mar., 2025

doi: 10.15940/j.cnki.0001-5245.2025.02.010

(8] L EE IR TR RER NI B IR E 7 1
F O BREL? FEEL2 RHHLZ 4P 12

(1 FEMFREEAXAFHEATRA R 210042)
2 FERFRAXAFEAE LR E (FREAEFHEAF L) 8K 210042)
(3 FEMFRAFE RFR B 211135)

ﬁﬁg Hp ] 2 [B] 3 18 R B 76 5% (Chinese Space Survey Telescope, CSST) Jo4% i 41 {1 K 22 25 75 18 R AR e 3= 5
MRS HT, TR KM, S B T4E i M. To4 il 4 AR a8 R B B B A BT, 243
SR 1288 Fr Bf e k. RS R R TGS B B B R R AR L —, RS AR, SRR TR
PR EIE R AT R, BT T4 e AR AR AN AR, To ik A A R ot 1 R 28 I B e A% EAT A . X TR
YL LB IS R MBI A R, T 26/ 4R T S 2 R ) TS ' AL A e i 2 e e 2 i ) B AR S A A
JRER, B A T ToE 6 B A A A R P BRI R, e R R ZE A IR T IR B T &
SEOLAE R WA S SRR, ToAE 6T A S TR A T G A A I N GU B B51.9%  GVIEX67.9%.
GIFB71.6% (HH1900-1000 nm¥ B N67.7%), B HARFEFRER.

KR AR IEE, (U8R Sk, BImiR, A O

FESES: P171;  SCEFRIRED: A

515

H ] 2% ] 33 18 K B2 78 8% (Chinese Space Survey
Telescope, CSST)/&2 — & 422 m. £EFE28 mif =
B IR BB B, 4 FE T IF R R 2 1 R
546 8 R AR, Horp s 6] JE 4% 6 1% 4 1
H24 B AN 28 8 B DF e B, A T a8 R AS B
PRI B Z0 B AT 7, D' e B 2800 2% 71 2970 mm.
1 38 R AR B 1) B B AH RS S, TG D 1 2H AR N
Pie A 18R AR T T 3 BB GU (255400 nm)-
GV (400-620 nm)FGI (620-1000 nm) T4
M T, AR 4 B ) K, TG 4% O U 2R K A E
v A — R 2 2 AR I TR AT H R 2% B A1) () T T
Bl o881 A 5 380 v A 2 e e — R J5 1Y

2024-03-27Y | R A, 2024-05-21 U FI1E Befi
*E R E AR IS H (12273081, 12173061) % Bl

tsli@niaot.ac.cn

1

tzwhu@niaot.ac.cn

WRAS (R SCRNBEA LIE), R 225070 B AR o 4%
it A o AT G TR 8% ik 4RI, IF
S BIAL T3 B AR .

e Tl 25 ST TE B e T L I B R R SR AR 2
—, R AT T R SR AT
D, BT I A LA A R 4 e PR ok el DA 7
FE U RN B A BB R OIS R, AR T
22 Tl T 50 Rl i 375 o R ) 2 1 45 R R
O JEE WML RE, HANELREINAM
TC 4 LA 6 V45 5 RN 2 3 R 0 R 2 ) B
N T TG A IS ORI R TR, 14 R
% E hIQHY4040 PRO-BSIHIHLZE ik T 4% it
AL RS BRI . AN T AR



66 % KX FE R 2 4
AR BCR MR E SN TR 958, AT h bR rae L.
PR 1 5 i I B AR A SR, R
SRS REHEAT T 407 R |
_ | Dark environment |
Slitless Spectroscopy Assembly | I [ Fourdmensiona [
|
Filter Assembly F14 optical simulator i
|
|
, |
L |
The slitless spectroscopy } Control
assembly a ,—}o— system

Slitless Spectroscopy Assembly Il
TeEGHEAIIE S I A AR

1

Fig.1 Model diagram of slitless spectroscopy and filter

assembly

Mz 32 & FN R IR

7% ) 70 48 6 1l 2H A1 Ol i 5 R B 56 W I R
Ot 2k BE AN 2R Gt R 58 B A AR G i FEALE
B anE2pR, HEEHF1IOARIE. SRt
MHELAEE R & QHY4040 PRO-BSIAHBLAIG IR
LR R R G TP F 16 A G 7T DR G 20 A5
fEAR RRF 1R AT, T RECSST I R 5
B IR 1R, 20 A RN [ 8 72— a4tz )
& b, AT RLEEATY U5 1A (4R A K CF O ) A Z 0
fea) (4 T PN B L 7)) M 3 DL e G X (XA g 1, 3
LT AR 7 1) MY Rl e e, H TR CSST 306
FRGAEAN R R SOCR. 861k HF %
RAE— YA 6 b, AR XTT A AT E ), LASEIL
Xt AN [F) 7 B 6 M B R] — Bt M AS =] 0t i B 5
AR BEAT I, ML 22 A%
b, TS XCRRAY AR KT PSSR RT e AN A T
W25, T BHUAN R AL B BRI &5, DAoL
.

XA B s R O LI = I e
(Laser-Driven Light Source). H. {4 #%(Acton
SP2500i). FEJGHL ZRE, SR BRI S RS L
L3 ICIGE L, HEEAR S M B3 PR, DGR RS
¥ e FEREOCIA B AN & b, FI B ADGET
RS R {0 2 ) H R OE 5T BIF 1406 A AR N
JeHL O 7RO R, ARG AN TG H

2

21-2

Bne-dimensmna“motion platform |

Two-dimensional motion |
platform

I

I

i I
W |
y I
! I
Camera }

I

1l

I

I

I

K2 EEGHAH I R gR A

Fig.2 Schematic diagram of slitless spectroscopy assembly

testing system

Laser-

Si photodiode

Driven Light
Source
/
/N / \\
< S—
[ 1
[ 1
1 1
1 1
[ 1
Monochromator : : f
[ [ S/ - Optical
fiber

K3 gt il RGOS B K

Fig.3 Schematic diagram of light source for slitless

spectroscopy assembly testing system

5 FHAZ A R G b AT DA, 75 20 Se e ks
M A1 E2H 3L F~F & B ARG AAH%, DA & %
AN R GER 2 [ AR R, SR S K TC 42 e 1 4 1 22 2
fE—4e & b, FEUR L AR5 A LI TH A XS A7
B, FH SR IHMEMRE. R4 T77 Z A FEHL
RN EAA B, e =67 B AL R EE, S8
Je AT I . K 2R B ) = 4R 5 s I 43 S
F 4R 5.



66 % ZE S AR JCE I O T R MR SR ZE S B 2 34

TN S AT B, FEURE 1406 B0 28 DS SE f
ol | HR AR AT R e B AR, L A NSRRI, [F
3 : 3| : B0 3 T W AR g O B Ak 1 O L R i
JE; (4)BFFF1406 5B 88, K T0 48 61 4l 1 22 3%
RN &; (5)IF ML T 6 FIF 1406 22454
B B AR BO I B T AL B, FEARE 2 B
HOG TR A R R F 1408 A0 2% HIR S (6) TR IR
IARMLE ZI B SIS E, REEE MBI A
e . G R, S0k B G R LR (7) (R AT
- R EUR, 52 RN,
0B 2L A1 P 6 Ak sl 3 a B AR T 4ok
- : T 2H A %5 52 PR RO R — A A sk B )
T Mo, IR A T LGS e wn, MBI TE 4 k3
Fig.4 The 3D model of slitless spectroscopy assembly ﬁfﬁﬂ‘]ZUﬁ%%*ﬂﬂ*Xﬁ]ﬁjﬂﬂﬂ TG/I\$E:% ’ﬁlﬁﬁf{)ﬂ‘u
testing system i, R R S HEA i El6 P s, (TJo4geit
MY EMGVE. GV6. GITHIGISH B K 23
b, W e RS 208 ) e s e i L E L3 T
VRSB, A TAEP Bak 85 M K47k, GIvk
BT 5 45 119001000 nm K] ~F 3 6k 250%, 4
TN 73X B4 B A3 AN IR I K, TR B 37 BE ML
1Y GUHEBE310 nm— /MRS K, & ogs it
AR S R GRS R IR K N R TR,

| Testing points

Fig.5 The slitless spectroscopy assembly testing system

TG 5% v 25 A4 D' 1 235 % W =K FH AR LA 4k
BIHG T EPEAGIK FEE AR LB Re & 1) 5 kAT
TERR A AR RS T I &2 0 5% ' 18 2H 14 5t — Hot i
FEAN I & SR BN OGS &2 1 T kAR SR
()RR A g KR E AN ()RR o o = : &
ST X8 IS 0 B s NI SR 1 B R D B G AL PR (i I R )
SRR NI JE TR S P A b S 2R 2 43 R A Fig.6 Schematic diagram of the testing points for united
(3)TE R LZEE T v A B IR, A A ALTE assembly (blue circles represent the testing points)

21-3



66 &

2

1 FENTEHERRENERRERK
Table 1 The wavelength of light used for the

spectral efficiency testing of the slitless
spectroscopy assembly
GV GI

400 nm 620 nm

GU
255 nm

GI
975 nm

295nm 455nm 715nm 1000 nm

310nm  510nm 810 nm

330 nm 565 nm 850 nm

365nm 620nm 900 nm

400 nm 950 nm
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Table 2 Testing results of the GU gratings at 330 nm

F 2 GUXKME330 nniE KEVNE LR

Input spot Spectral image
Test points  Grayscale Exposure No Grayscale  Exposure N Spectral efficiency
value time/ms /V value time/ms /V
GU1-Posl® 332819.79 1.5 5.644 366360.01 3 5.386 0.577
GU1-Pos2  330252.46 1.5 5.651 378619.77 3 5.405 0.599
GU2-Posl  325351.51 1.5 5.658 363519.37 3 5.419 0.583
GU3-Posl  328129.55 1.5 5.649 386167.87 3 5.462 0.609
GU4-Posl  323559.28 1.5 5.681 362949.82 3 5.477 0.582
GU5-Posl  321930.68 1.5 5.587 397426.49 3 5.640 0.611
GUbB-Pos2  320275.20 1.5 5.580 394760.46 3 5.659 0.608
GU6-Posl  332257.92 1.5 5.585 414485.21 3 5.674 0.614
GUT7-Posl  323280.28 1.5 5.577 391963.72 3 5.686 0.595
GUT7-Pos2  318418.65 1.5 5.593 388458.88 3 5.673 0.601
GU8-Posl  326479.97 1.5 5.605 378025.81 3 5.668 0.573

® The testing point (Posl) of corresponding grating (GU1), same applies below.

Table 3 Testing results of the GV gratings at 510 nm

=3 GVHEMS10 nsE KNSR

Input spot Spectral image
Test points  Grayscale Exposure No Grayscale Exposure Ny Spectral efficiency
value time/ms /V value time/ms /V
GV1-Posl  213690.05 0.2 7.851 194477.01 0.3 7.618 0.625
GV2-Posl  208916.00 0.2 7.861 233629.73 0.3 7.618 0.769
GV2-Pos2  207571.15 0.2 7.847 232412.12 0.3 7.618 0.769
GV3-Posl  214135.11 0.2 7.819 224706.84 0.3 7.428 0.736
GV4-Posl  206798.45 0.2 7.813 230972.52 0.3 7.465 0.779
GV7-Posl  211081.07 0.2 7.706 646373.25 1 7.881 0.599
GV8-Posl  206213.96 0.2 7.684 233750.03 0.3 7.849 0.740
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Table 4 Testing results of the GI gratings at 810 nm

Table 6 The spectral efficiency of GV gratings

Input spot Spectral image
Test points  Grayscale Exposure No Grayscale  Exposure N1 Spectral efficiency
value time/ms /V value time/ms /V
GI1-Posl 259847.28 2 2.716 307178.76 3 2.815 0.760
GI1-Pos2  260794.31 2 2.719 303536.67 3 2.822 0.748
GI2-Posl  264590.86 2 2.710 349217.65 3 2.820 0.846
GI3-Posl  263705.45 2 2.710 362238.00 3 2.824 0.879
GI4-Posl 256921.12 2 2.712 329367.43 3 2.831 0.819
GI5-Posl 271824.77 2 2.771 327020.00 3 2.746 0.809
GI5-Pos2  271816.66 2 2.778 324353.65 3 2.752 0.803
GI6-Posl  271588.27 2 2.813 353955.51 3 2.844 0.860
GI6-Pos2  272053.03 2 2.818 348800.83 3 2.844 0.847
&5 GUAHMBLIERE
Table 5 The spectral efficiency of GU gratings
Grating 255 nm 295nm 310nm 330nm 365 nm 400 nm

GU1 0.296 0.517 0.542 0.588 0.578 0.477

GU2 0.434 0.598 0.594 0.583 0.549 0.445

GU3 0.355 0.540 0.550 0.609 0.537 0.443

GU4 0.410 0.561 0.555 0.582 0.548 0.441

GU5 0.306 0.508 0.547 0.610 0.640 0.578

GU6 0.287 0.523 0.559 0.614 0.614 0.542

GU7 0.345 0.541 0.570 0.598 0.564 0.609

GUS8 0.345 0.535 0.563 0.573 0.544 0.448

®6 OVRHbKESE

Grating 400 nm 455 nm 510 nm 565 nm 620 nm

GV1
GV2
GV3
GV4
GV7
GV8

0.621
0.612
0.654
0.646
0.657
0.649

0.526
0.781
0.787
0.804
0.478
0.771

0.625
0.769
0.736
0.779
0.599
0.740

0.700
0.718
0.703
0.757
0.768
0.706

0.602
0.492
0.628
0.693
0.731
0.636
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Table 7 The spectral efficiency of GI gratings

Grating 620nm 715nm 810nm 850nm 900nm 950 nm 975 nm 1000 nm

GI1 0.623 0.776 0.754 0.744 0.538 0.528 0.509 0.622
GI2 0.625 0.807 0.846 0.809 0.761 0.763 0.705 0.690
GI3 0.617 0.799 0.879 0.863 0.609 0.584 0.573 0.693
GI4 0.608 0.762 0.819 0.809 0.765 0.748 0.755 0.790
GI5 0.589 0.659 0.806 0.878 0.573 0.543 0.632 0.755
GI6 0.583 0.773 0.860 0.840 0.787 0.812 0.778 0.723

®8 FEBK TN BRI ERE

Table 8 Measurement relative error of spectral efficiency for each measurement at different wavelengths

GU GV GI

wavelength  relative wavelength  relative wavelength  relative

/nm error /nm error /nm error
255 5.88% 400 4.81% 620 7.02%
295 3.92% 455 4.90% 715 5.13%
310 5.62% 510 4.44% 810 3.29%
330 3.91% 565 4.41% 850 5.50%
365 4.47% 620 7.62% 900 10.35%
400 4.18% - - 950 10.17%
- - - - 975 6.70%
- - - - 1000 9.38%
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Spectral Efficiency Testing and Error Analysis of Space Slitless
Spectrograph

LI Shun'?  JI Hang-xin'?  ZHANG Hua-tao'?>  ZHANG Shu-ling"? = HU Zhong-wen'?3

(1 Nanjing Institute of Astronomical Optics & Technology, Chinese Academy of Sciences, Nanjing 210042)
(2 CAS Key Laboratory of Astronomical Optics & Technology, Nanjing Institute of Astronomical Optics € Technology,
Nanging 210042)
(8 University of Chinese Academy of Sciences, Nanjing 211135)

AgstracTt The slitless spectroscopy assembly of the Chinese Space Survey Telescope (CSST) will be
installed in front of the main focal plane detector of the sky survey module to conduct wide-field, wide-
band slitless spectral observations. As an important dispersion element of the sky survey module, the
slitless spectroscopy assembly is composed of 24 gratings and 12 filters. Spectral efficiency is one of the
important technical indicators of the slitless spectroscopy assembly, and it needs to be tested during the
development process. Due to the large envelope of the slitless spectroscopy assembly, commercial spectral
efficiency measurement equipment cannot be used for testing. This paper addresses the issue of spectral
efficiency testing for the slitless spectroscopy assembly. Firstly, the basic structure and measurement
principles of the slitless spectroscopy assembly spectral efficiency testing system built in the laboratory
are introduced. Then, the steps and results of the spectral efficiency measurement for the initial sample of
the slitless spectroscopy assembly are given. Finally, the accuracy of the measurement results is analyzed
and calculated using error synthesis theory. The measurement and calculation results show that the average
spectral efficiency of the initial sample for the slitless spectroscopy assembly is 51.9% in the GU band,
67.9% in the GV band, and 71.6% in the GI band (67.7% in the 900-1000 nm band), meeting the technical
requirements.

Key words space vehicles: instruments, instrumentation: spectrographs, telescopes, methods: analytical
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