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Fig.1 Optical system structure of solar alignment system
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Fig.2 Mechanical structure of solar alignment system
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Fig.3 Solar alignment system
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Fig.4 Program interface of pointing accuracy during alignment
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Fig.5 Program interface of pointing accuracy not aligned
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Fig.6 Calculation diagram of angle deviation
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Fig.9 Spot diagrams of coronagraph
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Fig.10 Mechanical structure of coronagraph
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Fig.11 Coronal brightness curve'"""
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Fig.12 External occulter shape
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Fig.13 Field intensity at the entrance pupil by single—disk and three-disk occulters
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Fig.14 Laboratory ambient light brightening
FIFE AN ER R OGL , a1 15 BT 7, LA it ok 0 40X B 58 B0 O T IR A T AT, AT AS: 00 23 BIOG A 1 AP HG
P A R RO IR DL 51 ACKT AR 24 Rl 2E 7 19 Spectral Black™ ¢ BOE I MR , 515y SB-20 <0301,
WG B S R PR O R ANET 16 Fir s, 3R 145 1 T OB IR RO A OGS H . e8] 16 ZLAE AR 23 T KL M, vl Lo
70 B A IO IR 1 2 S AR /N L X8 16 A W8 e A g i, T AJSS T R el 2 S 5 3 R PR ARG Y B2

15 HrEHE
Fig.15 Schematic diagram of black hole
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Fig.16  Relation between reflectance of absorbent film and wavelength

2% BIOEAS I B 1 A6 H B8 A 3 10 TRl P9 JC B G IR IR G e A H B A A5 i) ol 4= D 2R BOk . H &Y
TE ARG R b 9 3 55 R 2l R 00 T 7 5 o 7 T s ) AT BR B S 6 5 b, RO G IR UK BH , R Y
G A B 2 45 B B3 H H B AR B D' o R S 30 3 vp 8 I3 22 OIS IO, e 4 B SR AH ML SR T, AT 2 Wi 2% BEOL
0 RSP AG I T P ' B ) R A IR T AR — 5 R RE el B R AT R L R B D' A R e SRR 7R H gAY
B B AL 5 BEACR I 2 B R AR 2R BOGSE BE o IR 17 (T 18 43 il 45 7 78 5 1 4 ) RS 3 28 v A i
HOERDE R E .

0552214-7



P/ R 4

F1 WAEEXRSH

Table 1 Absorbent film parameters

Parameter Value
Dimensions/mm 200X 300
Abrasion resistance Moderate
Adhesive thickness/pm 60
Coating Spectral black™
Coating thickness/pm 3~7
Foil thickness/pm 125
Humidity resistance MIL-C-48497A
Operating temperature/"C —40to+121
Wavelength range/pm 0.3~14

Type

Model number

Standard adhesive
SB-20X030-1
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Fig.17 Schematic diagram of light paths detected in space
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Fig.18 Schematic diagram of light path detected in the laboratory
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Fig.19 Photos of experimental set—up
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Fig.21 Total stray light detection experiment
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A New Autocollimation Externally Occulted Coronagraph

DING Yue'?, ZHANG Hongxin', HUANG Yupeng'?, WANG Taisheng', XU Wenbin'
(1 Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences ,
Changchun 130033, China)

(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Coronal is the outermost layer of the solar atmosphere, which ranges from the chromosphere
across several sun radii. Coronal Mass Ejections (CMEs) eject large amounts of magnetized plasma from
the sun's atmosphere into interplanetary space, resulting in massive solar explosions. Especially when
CMEs spreads to the vicinity of the earth, they will produce geomagnetic disturbances such as geomagnetic
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storms, ionospheric storms, auroras, which have a destructive impact on satellite operations and ground
infrastructure, and are one of the main driving sources of disastrous weather in space. The corona has long
been studied internationally. Observations of the corona and coronal mass ejections help to study the effects
of the sun's magnetic field on the earth. Meanwhile, they can monitor the severe space weather events
affecting the earth and solar—terrestrial space. To realize the corona and coronal mass ejections observation
better, and make more precise observation angles. The solar alignment system is designed in this paper.
The entrance pupil diameter of the system is 40 mm, the focal length is 360 mm and the field of view is
2 degrees. With alignment system imaging to the sun, the center coordinates of the solar image on the
detector are read through the program, so as to judge whether the coronagraph is aligned with the sun, and
the observation Angle of the coronagraph is adjusted according to the coordinate offset calculation. The
solar alignment system was applied to the three—disk externally occulted coronagraph for the experiment.
The main parameters of the coronagraph are as follows: the field of view is =20 degrees; the pixel
resolution is 1.2 arcmin; the pixel size is 13.5 pm; the wavelength is from 630 nm to 730 nm; the effective
F-number is 4; the focal length is 38 mm; and the transfer function is greater than 0.6. Compared with the
brightness of the solar photosphere, the brightness of the corona light is very weak, so the suppression of
stray light is the key problem of the coronagraph system. Based on the observable range of field of view and
corona brightness curve, the design requirements of stray light suppression level of coronagraph are given.
The suppression ability of diffraction of external occulter was compared between single-disk occulter and
three—disk occulter. The comparison chart of diffraction field intensity between single-disk occulter and
three—disk occulter at the incident aperture is obtained by numerical calculation. Coronagraph usually works
against a pure black cosmic background. When conducting experiments in the laboratory, as its space is
limited, the reflected and scattered light hitting the walls and reaching the camera surface can affect the
stray light suppression level detection. Therefore, a black hole detection method is proposed to detect the
total stray light of the coronagraph. The black hole refers to the semi—open black box with black absorbing
film inside. In the range of visible light, the absorbent film has a very low reflectance and a strong ability to
absorb light, which can minimize the influence of ambient light during the experiment. Finally, the
detection device is built, the camera is used to shoot the direct solar light image and the stray light image of
the system, and the gray value is read in the software to calculate the stray light suppression level. The
experimental results show that the pointing accuracy of the coronagraph reaches 0.11', the diffraction stray
light of the three—disk occulter is lower than the diffraction stray light of the single—-disk occulter, and the
suppression level of the total stray light of the coronagraph reaches 10" orders of magnitude. The stray
light detection method has good results and high accuracy, and the alignment system has realized its
expected function.
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