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Figure 1 (Color online) (a) Stratified atmosphere of the Earth and distributions of the electron density and temperature as a function of altitude; (b)
landscape of the sky and the ground seen from a platform floating in the near space. For most of observations, the condition in the near space is already

very close to that in the space.

259611-2



ML hERE PBEY e RO 2023 4F BB S53 % B 5 )
F 1P EREREUKIH S e AR AE B
Table 1 Balloon-borne solar telescopes in history and the related information
L . Type of Spatial Observation Pointing
Affiliations Missions Aperture (m) Wavelengths (nm)
telescope resolution (") data accuracy ()
Princeton 1957/08/22,
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University refraction 0.3 0.38 545 1957/09/25, 1
balloon
Observatory 1957/10/17
Soviet 1966/11/01,
Stratospheric Soviet solar 0.5, 0.24-0.3, 525, 1967/09/22,
Solar stratoscope 1 0.12 438.4-480 1970/06/30,
Observatory 1973/06/20
Applied Physics
Laboratory of the Flare genesis . 1996/01/07,
refraction 0.8 0.5 612.22 2
Johns Hophins experiment 2000/01/10
University
Laboratory of Balloon-borne
. 0.2, 1970/10/05,
Stellar and ultraviolet solar reflection 0.5 190-300 2-3
0.3 1971/06/24
Planetary Physics telescope-spectrograph
Max Planck 214, 300,
. . 2006/06/08,
Institute for Solar Sunrise reflection 1 0.10-0.18 312, 388, 1-2
2013/06/12
System Research 396.8, 525.02
NASA of USA 3935,
and KASI of BITSE refraction 0.05 1.98-2.13 405, 2019/09/18 <1
the South Korea 4234
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Figure 2 Variations of the coronal brightness versus the heliocentrical
distance. The x-axis is for the heliocentrical distance, and the y-axis is
for the brightness in units of brightness of the solar center. The bright-
ness of the clean sky in various cases is specified. These cases include
day time, full-moon night, total ecllipse, as well as background sky at
differet altitudes. It shows that the background sky seen at the altitude of
35 km is close to that as the total ecllipse occurs.
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Figure 3 (Color online) Structures of the disrupting magnetic configuration in different stages of the eruption. (a) Large scale eruptive prominence
in the early stage observed by the ordinary solar telescope, some small features of magnetic field could be recognized; (b) eruptive prominence in a
later stage still in the field-of-view of an ordinary telescope, but more details that used to be hidden are revealed; (c) the eruption in the late stage, the
eruptive prominence has evolved into CME that can only be observed by the coronagragh because of the low brightness at large distance from the Sun.
All the internal structures of the prominence have been released. The bright circle marks the Sun and larger circular shadow represents the oculting disk

of the coronagraph. From the NASA gallery.
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Figure 4 (Color online) The sketch of the basic structure of the
balloon-borne coronagraph system, which includes the first- and second-
stage attitude control platforms, the gondola, and the coronagraph.
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Figure 5 (Color online) The structure of the optical system of the coronagraph. (a) The entire optical path; (b) detailed content in the dashed box of
panel (a).
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Figure 6 (Color online) Spot diagram of the optical system.
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Figure 7 (Color online) (a) Optical transfer function of the optical system; (b) the cut-off frequency of the optical system is 45 lp/mm.
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Figure 8 (Color online) (a) The stray light level of the coronagraph composed of ideal smooth lenses; (b) the stray light level of the coronagraph

composed of non-ideal smooth lenses.
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16 & T2 304 1) 22 2 SR AT AR S, ARATE &% 2 E0 A e
A VR Tiff 22 28 B e AL

4.3.1 HMEHBEREHER

BRAH 2 RN LAG /R A A XUZ [ AT ) 45
1), G & O 7. A I A fa] 45 H D BE LR B AR E AT

B9 EREH G OCENLATH 4R

FER B 4L, RAEHE L5 R 1) D91 55 0 58 B2 i 2 H 24X
FIEHLPEREZE SR, 2 EIAE 450 2 T IR %
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Wi 10/, BRak H AU R 40 3 235 Sk
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Figure 9 Two-dimensional diagram of the global structure of the balloon-borne coronagraph.
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Figure 10 (Color online) Three-dimensional diagram of the global structure of the balloon-borne coronagraph.
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Figure 11 (Color online) Schematic diagram of the objective len as-
sembly of the telescope.
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BRI R RGENT NI REREN,
Bk B B HLIGIE IS4, WIHUM R 5t B2 i)
HAZ [ R S 3T 1E. RBIERAE RT3
M5 5 20 B K s AL b, I d i A L HLIREN (5 5,
WL IR Eh L gn BN R S AL . fE BN Bh 8k
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(a) (b)

B 12 (28 ROR 1) AN TR A B B B SR AR 7. (a) AN
LF; (b) NEHE

Figure 12 (Color online) The telescope lid seen from two viewpoints.
(a) Seen from the side; (b) seen from the bottom.
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Figure 13 The controlling action logic of the telescope lid.
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Figure 14 (Color online) The component of the base for the guide tele-
scope mounted on the coronagraph. The green unit is the guide telescope.
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Table 2 (Color online) Components of the polarizer wheel
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Table 3 (Color online) Parameters of the unit for tuning the camera

focus
B il R
piths ETS-30R S
17FE (mm) 30
A T2 (mm) 1
BRI E (mmy/s) 10
SR (8414Y) (um) 0.625
R AR (um) 5
SBEEAA (o) 1.8°
PR (kg) 10

WEE SR, FIFANSYS workbench 14.0%} B2 4145 ¥4 34
1T J1250 0T, ot H G A1) B SER TR AT 2 L1 614k,
B2 15) T AR,

(@)
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R e 3 1 77 30 T s AR R A B R AR
AP B JER BT L it o 251 5 290 2R, N % L 1 S PO oA B
TIUINTESE; A MILALAE DL AR P U S 211 1) 25 42 ]
Ayt FLTE 52 T #7150 N, 771005 5 335 77 1 — 3G
K B 4 o 2L A 161 A D9 oxk N2 A7 B AR 1120 N, 7 1) 5
D335 75 18— B0 SR 5 X 5 AT A N (A4 R B AR
JEPE, B 15(b) 0t T S R R 73 52 A BR 6 A% 1) 4
R, B 158 RITom A4 R, B 15(d) AR
TR TS5 R

15(c)F BH, Bka#k H %10 5K A8 50.0172 mm,
T8N TR (90.36 mm, B, 454 B 08 R
FE, BRER H AR 3 AR P R AR AR AR R VR
Z . Bl 15(d)3 B, Bk H %X 7158 71750.853 MPa,

(b)

(d)

B 15 (W4 ORI A BRI IT 2006 H AR GEREAT J122 0017 (2) H SR ACH BRIT/ TR, (b) A IR IT 7 B RS Rl 70 45 2R ()

ARTCAHTARTEAE R, (d) A PRIT o M By 4

Figure 15 (Color online) The mechanical analysis of the coronagraph system carried out by the finite element method (FEM). (a) Finite element
model of the coronagraph; (b) coronagraph meshed by FEM; (c) results of deforming the coronagraph by FEM; (d) results of the stress analysis for the

coronagraph via FEM.

259611-13



MAESE. PR WEE i RO

2023 F HS3L S5

T /N TR A e e AR B, AN 2 A AR AR T,
S B R IRRIE. R Al TR AR AR, 4
FE A SS9 i U A

4.4 ARG HECRIEN

A H AR BOC M E K- Habr 2 H il v H
O 11 RoHIAL B A AN T 107 Bo. X T4 H B ACK L,
B ARAS 1) 2% BOE R IE DY R B EL L, A, 28 506
580 P52 A2 A K BH BN e 5 B R ] T BTGtk
i A A SRR, v T PP R SR 2
HOGHIRE ST, ATE XL — DB, A = EO)/Ey; H,
E@O)YRIRIUTA M F Bl 5, B0 RSHE
E A, E ARG TN $8 it K BB e e 5T i
ERCP IR L. D, AR/ SE bR Bl R G O
FROAR X g AR, A bE mURE I R Bt 2R B HeAt
ZRBOCPFO TR AR, IZAR PR H ARS8 I SCE
WA, H o TS SO0 AT HA LA

S B (A I8 L1 29 K 27 OB B & T H S8 4SO
ARG DN ) - 20 19 B = P BEAT, AR R R A A 16
71N 123 B P RLUL R B G YR R AT DB IR A H 1Ot
REAERFIR BT T FOG B b, 2230 A B S 4k e il
HAATOCE AT A 916", G ST DK FH
ot RS AT 13 mAM H A, B H 27
Hh 55 2 (R FRRAL BGRB8 R AL
JEIR BEAE AN 18], 28 )5 25 Bk H BN HER, I H %

x4 HELEBHE AR

Table 4 The eigenfrequencies of the coronagraph tube

5N BiZ (Hz) L5 B (Hz)
1 49.749 6 360.36
2 52.931 7 370.11
3 139 8 461.54
4 147.8 9 466.11
5 278.9 10 716.99
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Figure 16 The schematic descriptions of the principle of the stray light inspection of the 50 mm coronagraph.
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17 (W2 iRz ) 50 mm H 501 2% HO R 25 SR 15
Figure 17 (Color online) Image for the results of inspecting stray light
of the 50 mm coronagraph.
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Figure 18 (Color online) Variations of the stray light strength in units
of 107°B,, versus the azimuth at 1.1 and 1.5 solar radii.
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Figure 19 (Color online) Two computers control the running of different units of the coronagraph.
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(a)
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B 20 (4% iR ) CONTEC T2 4L 37 i (a) 15 M4 2R
W& T RGOS G, # OB RN TEHLb)
Figure 20 (Color online) The product of the CONTEC computer for

general market (a), and the same product (b) with the modified outlets of
the Aviation Standards required for the balloon-borne instruments.
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Figure 22 (Color online) Sketch of the way of the guide telescope works.
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Figure 21 (Color online) The outline and outlets of data and commu-
nication of the guide telescope.
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B 23 (M%7 K) Dhyana 95V2-YNTT sCMOS#MI K, 14
FA(K 58 0): 100 mmx 100 mmx204 mm (F A A/h 5 B 3% 5
JZ77 mm)

Figure 23 (Color online) The outline of Dhyana 95V2-YNTT sCMOS
with volume of 100 mmx100 mmx204 mm and the height of the outside
radiator of 77 mm.

T 76 2 2 Hh 30 km P92 U B S AEE
A TR AR I XA B T R Ak, TR e
PR 7= i b B A A IR B, B 1) T R 2 2 A
SER, BRSBTS 2k 2 )5, ZAE L
AIEW R RS I H I8 AT Wk = 30 km, PR35S
M —55°C-30°C, i fAIRJE: —25°C—40°C, it A1 SE:
0-85%.

(a) (b)

4.6 DRFHERERSG

BRI B8ORS 7 BE 2 31 1 30 k)30 JZ 240 L
1, X BRI B AE-50°C /e A, 55 M P i 19 22
FEHR, H @ R B & Pk B & 52 3™ H Y
i, B8 PN RS R I AF 52 BRI W .
T ARAIE H BLACE TR ™ I R PR 352 vh REAS I T AE:, 4
AN H AR GE, Rl e B A A o B B DR e, B0
WIE ARG R H A e A TR BRI A R R,
FATEER H G AAE 7 23 AT 18], A fa] Py 38 e 2
TRIFAEO°CIYILL, B fRAEIE-5°C.

1 B 5 i L BE o 0 45 < 1L, S VR AR, PR 5
i P R A AA, A AN S AR BRI T — 2 FATRIK
AR JUA et R ORI 85 faT PAY FROR P 42 il 4 H S8 A TA
VO N E SRR LI, SRS P AR 5 fef
BRI, f ) A2 R AR S i 6 _E RS AR, BLRT LB
1EFRE AN, AT LS R R E I, 7R i KRR B AR
B N R AR E (18] 24).

N TR DR FRAE AR IE T ARV 2 A, #f%
AGAMCEA NI RE, & 75 2R I R R ACE 1R
J&, I Bt R s i AT g AR AR T IEH T

()

B 24 (W94 FRORZ ) BR AR H B AR R G5 B ORI B 7C. (a) RN S AE B fT L (b) I FA B e A i B0 28 1 A8 DR A

(c) i BOetn i 5

Figure 24 (Color online) Heating and heat insulation units of the thermal control system of the balloon-borne coronagraph. (a) Stick heating com-
ponents to the coronagraph tube; (b) the heating units are wrapped by the thermal insulation cotton; (c) the outmost layer is the aluminium foil for

reflecting the sunshine.
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Figure 25 The global structure of the system for collecting and storing
of the data.
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Figure 26 (Color online) Sketch of the logical structure designed for
the RAID1 back-up system.
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Figure 27 (Color online) Sketch for structures of components of the
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Figure 28 (Color online) The sketch of the balloon-borne coronagraph ensembling and various components, as well as their logical connections to

one another.
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Figure 29 (Color online) The image of the full solar disk seen in the window of the software controlling the guide telescope (a), and the image shown
in the window of the software controlling the balloon-borne coronagraph (b). The shadow in the middle is the oculting disk of the coronagraph, and the

bright ring around is from the stray light entering the tube of the telescope.
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Figure 30 (Color online) Sketch of the telecommucation between the balloon and the system on the ground.
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Figure 31 (Color online) (a) The control and data transmission plan for the balloon-borne coronagraph based on 422 link and RTSP upstream server;

(b) main functions of industrial computer 2 and the corresponding facilities under its control.
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Figure 32 (Color online) The building of the coronagraph at the Lijiang
Station of the Yunnan Observatories, at which the first ground experi-
ment of the 50 mm white-light coronagraph was conducted. The distant
background is the Jade Drgon Mountain.
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Figure 33 (Color online) Sites 1 (a) and 2 (b) of the Wumingshan Station of Yunnan Observatories. The second and third experiments of the balloon-

borne coronagraph on the ground were conducted at site 2.
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Figure 34 The white-light image of the corona obtained by the 50 mm white-light coronagraph at site 2 of the Wumingshan Station, Daocheng,

Sichuan at about 3 pm local time on February 27, 2021 (a). For comparison, the white-light image of the corona obtained by the K-cor of the Mauna
Loa Solar Observatory, Hawaii, USA about 10 h later was also displayed in panel (b). The overall features of the corona shown by two pictures are
consistent, namely white light coronal radiation is weak near the poles of the sun, while the radiation is significantly enhanced in other regions. The

handle-like region in the upper right corner of panel (a) is the image of the rod supporting the occulting disk of the coronagraph. Difference in some
details exists because the apertures, working wavelengths, passbands, and the time of observations of two instruments are different.
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A 50-mm balloon-borne white-light coronagraph: 1. Basic
structure and experiments on the ground
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A 50-mm balloon-borne white-light coronagraph was introduced in the study, which was a traditional Lyot coronagraph,
with a working wavelength of 5500 Aanda passband of 50 A for observing the inner corona from 1.08 R, to 1.5 R;.
Dhyana 95V2-YNTT sCMOS was used to collect the observational data. Three experiments were conducted on the ground.
The first experiment was conducted at the Gaomeigu Station, Lijiang, Yunnan, and the other two were conducted at the
‘Wumingshan mountain in Daocheng, Sichuan, approximately 4800 m above sea level. The data with scientific significance
were obtained in the latter two experiments. Comparison of our data with those obtained by the K-cor of the 20-cm aperture
of the High Altitude Observatory at the Mauna Loa Solar Observatory on the same days verified the consistency of the
two datasets, indicating the successful development of the white-light coronagraph. The brightness of the background sky
indicates that Wumingshan is an ideal high altitude site for solar observations.

near space, coronagraph, observatory site, balloon-borne device, telescope system development, optomechanical
structure design, stray light suppression

PACS: 95.10.Gi, 95.55.Ev, 95.75.Rs, 96.60.Pb, 96.60.Wh
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