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BOE AR, CSSTHI L — 2 mIHA2 /&
Hh = 14 B (three-mirror anastigmat, TMA)J;
FRG, AR T2 ORIt R
B, ZEE B R, RIMTE
PG BAL . 1 R ZE AR RS 2k
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BEAT AU BT
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AR, BlIanROEHE 5. XA E R RS BREA
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Space Telescope) %5427 43 fs H1H B 6 AR Hh 2R #EAT
TRAE0T 7R X BLRAT) R B T CSSTI A S
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to noise ratio, SNR).
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Fig.1 Simulated PSF distribution using interpolation. Left: PSF distribution in an area of 256 X 256 pixels. Right: PSF

distribution in an area of 12X 12 pixels, covering 91.9% photos energy of the target star. The positional coordinates of the PSF

on the z-y pixel plane are represented by the horizontal and vertical axes, labeled as x and y, respectively.
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Fig.2 Simulated PRF distribution. Left: Intra-pixel effect. Right: Inter-pixel effect in an area of 12 x 12 pixels.
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Fig.3 A sample random array in 300 s for jitter simulation
based on the jitter technical parameters (0.05/@300 s) of
CSST
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T8t (Zodiacal light). PascaleZ M3 it T 20U 3%
T8 1) S 56 5 R 5 4 B B S A (AW - m T2

um~! - srh):

Izoai(N) = B[3.5 x 1071 By, (5500K) +
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1.72338015¢° + 1.13119022¢* —
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npi ™ME R AT AL, IS HL I 5 TR
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CCDEE 5 5 I AR 3= b 00 i far % 4 N HfA
2P AR5 HY B 75 (readout noise). % AMEE L
H R RN 5], T AU 5 R (root mean
square, RMS)KRME, W An,,(# A Ne " RMS/
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W& 75 ] RN N
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AR a5 A B R WA, A [F) AL B N
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RIELNCE B T U P BN, (Array, THE L
77 % (standard deviation, STD){E At ops M IGHT ]|
Npix TMEZR N B Bl
ojy = STD(IV, sArray) ,

Hrf, Ny Array 1 (5) N Z T E G H.
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MRAE2. 15229 prid, B FsYE(E 5 H(5)\4%
MR (6)-(13) g . By
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RICT e, WS AR e . 52 H e 7S ) Bl g
&
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N)\,s
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BRI EARITE.

3 FLEMARUSMIAGR
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. B, VA0 AR 108 3 R R K v
SHOSRE R N, I 85 % BB IEx I
FEREREMBETE. B8R, A EEPIAS T BB S5 1,
VLA TR 5] S B 45 4.

3.1 B¥HKRE
CSSTZ {1 ji A% 5 T 4% 't 15 3 R A5 B 1) 45 T

A 5 i B aff 7S, AR T H 0110 x 1.2° /L
%, BE&NUV. u. g r. i zfIGU. GV. GI%
BB(FARZ WCSSTHRE: A K H2), Fa S 2 A
(fine guidance sensor, FGS)HIJ i % 2% 2% (wave-
front sensor, WFS)£E [ 73 A1 78 J {0 £ 4 Bl A& X
R AR b (photometric calibration )4 44 1 %5 % 41
4h(near-infrared, NIR)£E 70 A 7E AR M.
AT B8 B g Ot ot LI — i PR 2%, FLAE SR
an B L ) Ar B A B A DUALRE bR, DA —A
FRD P K706.1 nm. A 5E32.2 nm )T BN
ATINAR. CSST A BEMR X HL K HESLRT 7] 4300 s,
R R0 25 6 I F 7 8, AR — R BRABE S
16 mag (58I L% N8.69x 107 % erg- s~ -ecm ™2 -
nm ™) TEEVE )y HARE. B BCN20 He. it
S B CSST 3065 RGN 2 10 UGS R AR

2CSSTZ [N W e 5 it At 1 K B3R 1.2 2.

SCSSTZE AN £ Dy R F IR 1 B 5 1. 20 E2.2.3.
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15° |
L= oy i g r
Piwrs &l
Pl 2 Nuv || Nuv u y | FFGS;
?\! '.'_'_'_'_'.T_'_'_E I I b
CEGSH v u Nuv | [ Nuv z |
i wrs | |
i r g | Y l l_l_l
GU GU v || @ [ NIR:
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1.1° i

4 Z O STEEOCEROE A FEETI ERHA . L OTTHEN
ARSI

Fig.4 CSST filter arrangement on the focal plane of
multi-color photometry and slitless spectroscopy survey

module. Red square: test band in our work®.
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WO FLAR R B AT IR I HE S, Wi
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R AR BOR S, WA REE S 2% 2 1) B bs
POt HE GO IR0 R 2 45 I ok
BRI G2, WRAAEBRORK, BaRbEH
SOEME R 2 2 AR SR N, RN R T I 5
() H bR B BEARIDE R . 534, o T %4
B, R ALAR AT RE 5N H A Y5 I R
WP FLAR RS I NP SE - U6 42 B8 (full width
at half-maximum, FWHM)H3-4f%. KE5ER T
15 M8 LU AN 25 U ME 7S 545 5 1 EEAE 5 0O FL AR Y
KNMTEAR I G . 7 B ik 2o, BT
AR T SLA% 73 ) R 3E 4T O, a0k 1B 7 2
K5 R EARME, W IET7 T FLAR 8 6k B2
5 BT AL M 205 A, Rk R R B0 H Ak
() 15 J7 B AV FLA2 D0 O, T 45 31 10 45 M EE AH
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11 pixel B ALAR K MDeERR L, 2065 R RoR
T HARN12.4 pixel (I FLAR BT (5 e EL . X5
WD RE S MDA N B S ER R AR, T
XHLAR B AR AU, Dy fa e inldl, A SR EL T IR
T3 T (I e LA SR HEAT B B AR SRR o,

Bk ER £ sl AT REAE 2 R AR BT 1) B
K, BN R RAIRIFRNE, KA FRE LA AR 2
AL, T LG R GORPSFIL& 17 i
FE EHER IDEALAR, AREMDCREEE. 1Ak, it
2% BB ZENDCE A UL 12 A LR
A% i K 1 RZ R (P IL3.5715).

®1 BRUPERANEERRSE’

Table 1 Main technical parameters in our simulation?

Characteristic CSST Performance
Diameter 2m
Focal Length 28000 mm
Field of View 1.7 deg®
Wavelengths 0.69-0.83 pm (i band)
Pixel Plate Scale 0.074"
Module Efficiency 0.62 @ i band

Accuracy of Image Stabilization
Dark Current
Readout Noise
Full Well

0.05”@300 s

0.02 e - s~ ! - pixel "' @detectortemperature

5e” - pixel !

90 ke~ (average)

Noise-Signal Ratio

700} 689,02 690.78 692,86
600 1
500 1
4
=
w
400 1
300
® D=11 pixel, Circle Aperture SNR
® D=12.4 pixel, Circle Aperture SNR
200 —— Square Aperture SNR )

8 9 10 11 12 13 14 15
Aperture Diameter/pixel

107! T T T T T
-~ Poisson Noise
- Background Noise
—# Dark Current Noise
- Readout Noise
10 -® Jitter Noise E

—#— Total Noise

,_.
o
4
/
/
[ ]
I
1
1
1
[
/
1

—

o
A
.

- ....._.._...___...__.....---...__....._--..

8 9 10 11 12 13 14 15
Aperture Diameter/pixel

107°

K5 R & RN T EY B IETT R IDEALAR(8-15 pixel) AL, MDEILRME> 11 pixeld, (FBEEL> 600. ADEFLIRME> 13 pixellS, 5
MEELTE~ TOORIR TR . M (i A BoR T HAR D11 pixel M ETEALRRIMDEHEMEEL, L O SER T HEDN12.4 pixel FETEALAR KN
FefEMELL. A SR 5055 I LU B IE 7 TR FLAR (8—15 pixel) IS4, MIFEFLAE> 11 pixell, Mefs LUTRAME S A 5.

Fig.5 Left: Blue curve is the correlation between variables SNR and aperture size in a square area of 8-15 pixel. We get an

SNR > 600 with aperture size > 11 pixel. SNR keeps unchanged around 700 with aperture size > 13 pixel. Magenta dot is the

SNR of a circular aperture with a diameter (D) of 11 pixel. Red dot is the SNR of a circular aperture with a diameter (D) of

12.4 pixel. Right: Correlation between variables noise-signal ratio and aperture size in a square area of 8-15 pixel. Total noise is

dominated by Poisson noise with aperture size > 11 pixel.
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TEARTIRIU WAL, AFEE SRR, 55
R B FWHMZ) ~2.8 pixel, HIA B} #5200
J&, FWHMFSFIE I INZ1 8 3.5 pixel. Kk, A
1E8-15 pixelt [ 4 TR A FLAAME.

PATIE HLCSST I 2% £ 3h 2 H (B Ik L 3h b
HEZ ocgsr ~ 0.007 pixel), AKeplerf§ ZBAE N
15 25 YR B pR B, 7R G R b 25 AN TR 45 2% TR) 48
T1%MBENLZE 5, BEAT1OALBENLIN, B 1
NERGS, YR B s E5ER Tl
A M b - TR /N I G FLAR B AR A T
VLRI, SR LA SR Z 1% LR, RtE R
iR ZE RIS L.

R 2 SR w2, 3R FLAR o] DA ORI
FEAREl e s [FRAfa e . RGBT 5. B H
TRANE MR S S WS S . FEFLARME < 11 pixel
I, ISR B 5 25 MALARME > 11 pixellt),
G M L TE 2 MR T VA AA e 7S . FLAR{E> 11 pixel
i, M ERE > 600. FLARME LS pixell), FL42
WEE D T HRIRZA92% i &, FLARME > 13 pixel
I, 38 K FLAR N5 e bL 1 52 i FE 3, A5 e LU AE
~ 700/ TR, A TN EM L RE, B
AL KR BUN11-13 pixel 25N E Y. 1E
A TAES, B EAENEE, BRAILLLK
N1 pixel ) IE 7 FLAE AT 5 22 H .

B E R IR L 2 A RS20

AR T A Bl PR 0 I ' kS B2 B0 5.
CSSTAX A% B R BB HISTD Nocgsr ~ 0.007 pixel,
TAVIEI 7 CSSTHI BN T7 2 S HIM1065 . 5%,
2ff5 . MEMO5M5(1EA10x 5xy 2x. 1x+ 0.5x),
G AT LOZE BN, THEEAS [F 13 7 41 77 AL )
IR S R L, S5 R U6 AR, A T U EL s
— 5, FATRCCD _E & AR R B3y 5. 75 2t
B, A5 M LU IRAR R ZZE1 % AT, e B
BAAEIRZE R R K.

AR IS5 w0, W 80 5 8 1 5075 22 0
N, BB T B, WK R R R . X
T 4B SR IR R, B R AN 27 B A7
FERRE FE I BEN U A%, 720K BB I [R] AR 73 3
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Fig.8 Left: SNR with (orange dot) and without (blue square) reference stars. The SNR values are larger for the case of

differential photometry, especially for the cases with aperture size < 11 pixel. Right: Noise-signal ratio with and without

reference stars. Purple and red dashed lines show the decrease of jitter noise and total noise respectively using reference stars.
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Jitter noise drops to ~ 66% with differential photometry.

)::ES(TJ'H: NA,S%E*5‘5E1§%IE\EE%§&7 OPSy Obgy Odcr Oro*uajtﬁ%uygiayéuiﬁ\ iﬁ%%%u;%?é\

REELRIRAS . MR RIEI TR
Table 2 Signal and noise in different sub-waveband. N, : the total number of electrons from the object,

ops: Poisson noise, o1,5: sky background noise, o4.: dark current noise, 0,,: readout noise, oj;: jitter noise.

Bands Nis/ ops/ Obg/ odc/ Oro/ ojt/ Otot/ SNR
e (e"RMS) (e"RMS) (e"RMS) (e"RMS) (e"RMS) (e”RMS)
Band1 5.24x10° 723.78 28.13 26.94 55.00 454.50 858.52 610.19
Band?2 2.05 % 10° 452.96 18.27 26.94 55.00 219.51 508.58 403.43
Band2 Normalized  5.20 x 10° 721.14 28.13 26.94 55.00 556.38 914.46 568.70
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Analysis of the Precision of CSST Time-domain Photometric
Observation

WANG Wan-hao'?3  LIU Hui-gen®*?  ZHOU Ji-lin'3

(1 School of Astronomy and Space Science, Nanjing University, Nanjing 210023)
(2 Laboratory of Pinghu, Beijing Institute of Infinite Electric Measurement, Pinghu 314000)
(8 Key Laboratory of Modern Astronomy and Astrophysics, Ministry of Education, Nanjing 210028)

Agstract The Chinese Survey Space Telescope (CSST) is the first large space optical telescope of
China. It will perform scientific observations and yield important scientific results, e.g. multi-color pho-
tometry to find and characterize exoplanets. The precision of time-domain photometry affected by various
astrophysical and instrument noises is crucial for exoplanet detection and characterization. This paper
constructs a time-domain model to simulate the stellar signal and various noises based on the main tech-
nical parameters of CSST published so far. The precision of photometry is analyzed by modeling the signal
and noises for an example of the gazing mode in the i band. We investigate and discuss the contribution
of various noises while doing aperture photometry, especially the jitter noise caused by pointing jitter and
pixel response inhomogeneity. The test results also provide the recommended size of aperture photometry.
Jitter noise can be suppressed by reducing jitter amplitude and uniforming pixel or by using differential
photometry with reference stars. Our simulation results can be applied to the precision prediction of time-
domain photometry, the refinement of CSST instrumental specifications, evaluation of exoplanet detection
capabilities, and data reduction progress for CSST.

Key words telescopes, planets and satellites: detection, techniques: photometric, methods: numerical
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