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Preliminary application of stellar occultation in the near-space

Sun Mingchen'?, Tu Cui'?, Hu Xiong', Gong Xiaoyan', Guo Wenjie'

(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Atmospheric stellar occultation technology can detect information about the density of various
trace components and atmospheric temperature and so on in the planetary atmosphere. The above
parameters were obtained by using the atmospheric transmittance. An occultation model was established
based on the principle of stellar occultation. The spectral absorption characteristics of gas molecules were
analyzed, and then transmittance of various atmospheric components were obtained through simulating
how it worked by model. The atmospheric component density was obtained by inversion of atmospheric
transmittance and this model was verified through the comparison of MSISE—00. The results of the two
were in good agreement. Furthermore, the signal-to-noise ratio and relative error of the spectrum were
estimated, and signal-to-noise ratio and relative error about different stars were discussed, and then the
range of magnitude of the target stars was given. The preliminary results show that the target stars in the
range of —1.45-3.55 is used as the light source for detection, the signal-to-noise ratio is above 100, and
the relative error of measurement is as low as 1% . The results of this paper provide preliminary
theoretical guidance for the development of stellar occultation detection in the near-space of the Earth and
other planetary.
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Fig.1 Model of stellar occultation
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Tab.1 Characteristic lines and band widths of

atmospheric detection composition

Atmospheric
e (o} 0, NO, NO,
composition
255 760 433 617
690 865 436 655
Characteristic
! 438
Spectrum/nm
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447
Band width/nm 1.1 0.4 0.5 0.4
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Fig.2 Atmospheric composition profiles of mid-latitude

summer mode
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Fig.3 Oxygen molecular atmospheric transmissivity
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Fig.4 Transmissivity changing with height
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Tab.2 Instrument parameters

Optical transmittance L:

Tel 2 2
clescope A0 em>x20 em UV-VIS0.82; IR0.92
. . QR :UV0.3;VIS0.75;
D Back-ill
CC ack-illuminated IR0.95
UV-VIS: Hol hi

. ,0 OBHPIE  Diffraction efficiency m:

Grating grating;

. . . UV0.45; VIS0.6; IR0.6
IR: Diffraction grating

128 % % K k=LxQRxm, 5515 4 4h ik Bt
0.110 7, 7] W6 3% B M 0.369, £ 40 3% Bt A 0.138, %
R MR A F, (erg-s”-cm2-A")(1A=0.1 nm),
BB =055, Z5A DAEAHEEE 7.5m/s, &
43 25 6] 43 RN 1.38 km/s,, & FERE MR u0 4 32 B 1
74 30 em, YL H A2 4 20 em, G L R 44% , A 3L
P2 B =393 em?, 2E 41 0] 0L AT A 1 6 3 4
PRy 50 w=0.1/0.2/0.7 nm , F=— ¥ K 5 3 006 1
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Fig.6 Signal-to-noise ratio of each component at different heights
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Fig.7 Relative error of density measurement along the line of sight: (a) relative error of nitrogen dioxide with height;

(b) and
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Tab.3 Detectable atmospheric components

in near space

Atmospheric Spectral resolution/
. Spectrum/nm
composition nm
255 0.01
O,
690 0.04
NO, 438 0.04
NO; 617 0.04
(0)} 760 0.052

4 AEHEEXHRNA R

R O E A FH R D R B R R AT T 2 g L i, T
BB TREZ MR BAE N HARE UL LA Y
A Ar % K 2 o R IR ] 0 B 0 L 46 e s 1 KR 2,
MRS N —1.45, DA S F B8 R D0 {5 I b R X 5%
22 it AL S S TR A A, SR aff s m ) Y A AR
SRR, RO FE R RO G BRI
PR, OG0 T 00 % 4 7 ) o R A A 1 A
b, R LR A5 SO R A I RO

ml-m2=—-2.5logl0(F1/F2) (14)

K om BARMEE m HB/NERBBEFRR
TR, B om2 MRS R 0, i ARA5) B EE,

F1=F2x10"/2% (15)

K F2 RSN 0 ML B, o8 —EME .

MRS ml=—1.45 B 6% R F1=F2-10-

(1.45/2.5); 50 B %5 m1'=—0.45 B}, GG mi Rl F1'=
F2-10(0.45/2.5) ; 1 bb A5 90 2 25 ml' —m1=1 W, A R
Sk B R F1'/F1=1/10(0.4)=0.398 , A~ [\ #1
E AR IR R A E L DAL A/ .

N
0.631, R4 W0 5 %5 A3 38 1, % 1o o6 1% o7 5 42 0 1 15
Mo SR g E A 1Y 0.631 £iF ., LALZEHE, M0
B AF m=3.55 B {5 B8 b JRA5 M L9 0.631 5,
MR E 6, S0 %R 3.55 B, £ e b Ry J5OR 1)
0.6315, HAR R I — A1 A 438 nm 1Y {5 M L e/
158, A 255 nm 115 M L 5/ 36, 7E 690 nm
(15 W8 B e /N R 1023 = AL A AE 617 nm A9 15 1 EL
/N R 112, %8 SAE 760 nm 1915 e B/ R 104,
RHEE 7, MR —F RSN E, SHEER

3.55 I, H1 24 2 (9)SNR « /N, , %ﬂ/&ﬁ(w)% o

1 4 N =) N =} Y
Ao DM P R X R 2 O JEOR 1 1,585, RARSR

I

N, ZHEALEAE 438 nm A X IR 2 /N 0.47% , B
SAE 690 nm [FIXT 15 22 fie /N 0.43% , 255 nm X 12
2NN 0.09% , = FARAE 617 nm AHRX R 2 ey
0.32% , FSAE 760 nm AHXF R 22 /R 0.32%

DA b4 B 1 A B 0 A A AR —1.45~3.55 Z [H]
ATUMER EARE

RT3 A AL T8, DI e H AT
CCD A5 g 5 IR WO . B A& IE & A& 08
TR 4 .5 FFR . 40 km &5 R 896 T RN,

R4 PTCEEST

Tab.4 Dynamic range analysis

Type Pixel Bin Size Capacity
(1) 30-11 front illuminated advanced inverted mode 1 022(H)%x255(V) 1 26 pmx26 pm 50x10°
(2) CCD30-11 NIMO back illuminated deep depleted 1 022(H)x256(V) 4 26 pmx26 pm 70x10°
xS HSEEST
Tab.5 Dynamic range analysis
Dynamic range Atmospheric composition Spectrum/nm N, N,
(1) 125000:1 O, 255 9 654 111477
O, 690 1013 706 1037 641
NO, 617 1225 069 1315157
(2) 83000:1
0, 760 1 046 636 1091 135
NO, 438 2443 030 2517537
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