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Fig.1 Sketch of collimator system. Profile of subcollimator/subdetector (a) and planform of grating (b)
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Fig.2 Transmissivity of cosine collimator
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Fig.3 Sketches of cosine collimator (a) and sine collimator (b)
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] 300 keV BYJET-FGEY 4 mm BESAR AT LABHES, HHIUFEELY 9.5 mm; XFRERLRIA 500 keV
HIGFRE 9 mm A FTABESS, FHNFEE 26 mm; X T E SRR FRELENMH
WA BERIESE T A REZEST, W& 1. HERARNRERTIETEIL keV £ 300 kev /2
A, EFE 4 mm JEEIEAR.

Lhttp://geant4.web.cern.ch/geant4/UserDocumentation/UsersGuides/Introduction ToGeant4/html/index.
html
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®1 $5 (W) 7088 (Mo) MAEFHIEFE (B %)
Table 1 Transmissivity of Tungsten (W) and Molybdenum (Mo) for photons

(unit: %)
Energy(keV) Tungsten(W): thickness(mm)

1 1.6 3.7 6.2 9 11 15 18 20
50 0 0 0 0 0 0 0 0 0
80 0 0 0 0 0 0 0 0 0
100 0.02 0 0 0 0 0 0 0 0
200 2192 882 0.396 0.01 0 0 0 0 0
300 53.44  36.7 9.84 2.06 0.36 0.1 0.01 0 0
400 69.8 55.1 25.2 9.93 3.5 1.66 0.37 0.12  0.06
500 76.59 65.27 37.28 19.14  9.07 5.32 1.83 0.82 0.48
600 80.94 T71.29 45.72 36.95 1491 9.76 4.19 222 1.46
800 85.556 779  56.13 38 24.54 1796  9.62 6.02 4.41
1000 97.98 8147 62.26 45.21 31.58 2445 14.65 998 7.72

Energy(keV) Molybdenum(Mo): thickness(mm)

1 2.1 9.5 17 22 26 29 25 40
50 0.02 0 0 0 0 0 0 0 0
80 9.02 1.48 0 0 0 0 0 0 0
100 26.08  9.52 0 0 0 0 0 0 0
200 74.29  59.45  9.51 1.49 0.43 0.16 0.08 0.02 0
300 84.44 T74.38 26.21 9.11 4.5 2.56 1.68 0.72 0.36
400 87.95 79.88 36.18 16.22 9.5 6.19 4.49 2.36 1.38
500 89.72  82.7 4236 21.5 13.68 9.53 7.26 4.22  2.69
600 90.82 84.48 46.66 25.56 17.11 12.42  9.76 6.03 4.04
800 92.2  86.76 52.59 31.66 22.58 17.23 14.06 9.37 6.68
1000 93.09 88.26 56.74 36.27 26.92 21.2 17.73 1239 9.2

NEEHHNWER, WENEEFXN pl :p2: - ipp=n:(n-1): 1
Horbon IR BDTEERGRREL. ARIETIEERX TR, RAONTE—L8E, W&
RITHEREZ 2. HATZ2 28 BARK TR, R/ DAyIeaE s R REME] 15 pm, B
Proin = 30 pm, K UGHTJE SOHE G B R T BER P e T 0 R 47 5 fLA2.

*® 2 sy WEURTR BT PIFr LB S B A et e #8. 8 H T2 8 FiFivlE, 8 FiR
WA S, BTEEMHEERS H 77 om, & TLRTERE Y 647, AR TAE] 87
R 11 10 FEFRE, 10 FHRBCABEREMA &, ARSI BER Y 124 om, ZR5 942
TLE N 607, A PRRAAE] 6", XEJFEUH, WRIE, KRIZEEREL nxn PRELE
BT, BUTEE 2nxn DTHEEAY. SCRIEW], 206WHaIBCE T AU R B AR E T — L,
R M C B R S B R DA R B, TGO T IR B B M, X LR
St L
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Table 2 Choices about the pitch and position angle of grating

Choice 1 p(pum)

L=077m | 240 120 80 60 48 40 343 30 M(")  D(")
0 1 1 0 1 1 0 1 1
30 0 0 1 0 1 1 0 1
45 1 1 0 0 0 0 0 0

Bey 60/ 0 o 1 1 o0 1 1 0 64 8
90 1 1 0 1 1 0 1 1
120 0 0 1 0 1 1 0 1
135 1 1 0 0 0 0 0 0
150 0 0 1 1 0 1 0 0

Choice II p(pum)

L=124m | 360 180 120 90 72 60 514 45 40 36 M(") D(")
0 1 1 0 1 0 1 0 1 0 1
18 0 0 1 1 1 0 1 1 1 0
36 0 0 0 1 1 1 0 1 1 1

Be) 4|0 o 1 o 1 1 1 o0 1 1
72 1 1 1 0 0 0 1 0 0 0 60 6
90 1 1 0 1 0 1 0 1 0 1
108 0 0 1 1 1 0 1 1 1 0
126 0 0 0 1 1 1 0 1 1 1
144 0 0 1 0 1 1 1 0 1 1
162 1 1 1 0 0 0 1 0 0 0

2 HH LA 0 2RI I A SR TE e, Ah, ki e H mE R A,
IETFFEH MR BRT 2 em, R R IRATR/NE R 3 emx3 em. B 7 4L
W 11 R, H GEANT4 B H #9256 SR SR HE B R R AEN AR . B ET7
HEAHMAR (100 4Y), L TFHEREATENSHEERS. — P RETEAE 6, L
TARXTEI PSR T — > FHEE AT, 3k 100 DTHEESR, 1IE. REE 50D BT
HIHEE R GRS SRR R/ MG LB 1:15.

3.2 LERAELMEESHRERTE

LAABPR IR R, R (247, 48") BB —AD R, M2 3.1 B PIRhiEHEE
a2 R BRI A 8(a) AT 8(b). [&] 8(a) GRS 8, LR FLARTERN (647, 647); &
8(b) HEHERR 67, LEE FLARTLE R (607, 607).

ARF B G 3T A SRR EREE AR B, TH LSS S ENERE.
B 9(a) EXT (247, 247) | (327, 32") . (40", 24”) FI (247, 40") 4 AR, B 9(b) J&xt
(247, 24") . (307, 307) . (36", 24”) Al (24", 36") 4 KA T, [ 9(b) BT HEREA
BETE (). HILEI, YETEEMEE —ER, SO EiRE, BRI HERER
=

MG E R AR O ROUE T A R E R, Wl LUA PR RN B E R,
Bl 10(a) 23 2 HfE 1 X1 87 RIFAEEE, & 10(b) ZIHE 11 4 6" LM EREE.
HIEl 8 ~ 10 AT A, IZEERSA S S T i R a .
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K7 GEANT4 #HEHUMEERS
Fig.7 Collimator system simulated by GEANT4
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M TS TFREANG, SETHBEE RN A 50%, f1 10 SO T P ET I, AEi
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TBCHEY 300 keV DR, HESER 2 R PiRhiERE, GaflRh UV 26, TE# I 1
PR, R AT RS 1T 51T GEANTY BT ECFEEER, HERRERE
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Fig.8 Reconstruction images of single point source: (a) Choice I, (b) Choice II
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Fig.9 Reconstruction images of multipoint source: (a) Choice I, (b) Choice II
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Fig. 10 Reconstruction images of linear source: (a) Choice I for the source with a size of 8", (b) Choice II

for the source with a size of 6"

® 3 TEESMNTERETCEETHESER

Table 3 Transmission of sub-collimator for photons in different energy ranges

Energy range(keV)
50 ~ 100 100 ~ 200 200 ~ 300 300 ~ 400 400 ~ 500

490 511 502 533 561
497 485 527 507 575
493 496 520 541 562
511 510 524 516 566
492 484 527 510 550
502 473 527 545 539
508 482 486 525 556
480 490 527 505 559
485 493 490 515 586
466 496 488 520 587
Average 492.4 492 511.8 521.7 564.1

4 ik

21t GEANTA SRR IHEE X FRBRFEHBGS R, 36 TFEH MATLAB E
BEMGIEHITORE, BEFEWT: KA 3 cmx3 cmx4 mm WRETEE TATHIEMR, #
R B A R A0SR G TR SO R BE KT B KN 225 3% 2 iy i 10,
350 XMFHEERY (50 MEZFHEESS, 50 MRIETHEESR), BMEE RS K/NAH
40 cmx40 cmx 140 cm, EEERH PR N 67, G5 FLEHK 607, Mg A4 HTH.

REGERA TR O EinsE, B EER T, ST 3 MR
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Fig.11 Dirty maps: Reconstruction images of photons simulated by GEANT4 (a) and photons calculated

with geometric algorithm (b)
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Fig.12 Clean map image obtained with the CIEAN algorithm (angular resolution is 6)
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A Simulation Research on the Solar Hard X-Ray
Imaging Telescope

TENG Teng"?? WU Jian’? CHANG Jin'?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 Key Laboratory of Dark Matter and Space Astronomy, Chinese Academy of Sciences, Nanjing 210008)
(3 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABsTrRACT High-energy phenomena always play an important role in solar research field.
Observations of hard X-ray/gamma-ray can be divided into images and spectra, both of
which give clues to reveal the secret of the energy release of solar flares. Instead of conven-
tional imaging technique using mirrors or lens, which cannot work in energy above a few
keV, direct imaging, coded aperture and Fourier transform are used for high-energy imaging.
Fourier transform technique stands out because of its high sensitivity and high reliability.
It can be implemented in various hardware configurations, among which spatial modulation
collimator and rotating modulation collimator are widely used. Modulation collimator type
hard X-ray imaging telescope is currently widely used in solar observation. For the possible
Chinese solar mission in the near future, we make a design of hard X-ray imaging telescope
using the common simulation software, GEANT4. The results are closer to the fact com-
pared with the traditional geometric algorithm. An executable design is also proposed at
last.

Key words telescopes, sun: X-rays, sun: flares, techniques: image processing, methods:
miscellaneous



