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Derivation of Optimal Apodization Function in Starshade System.
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The starshade system is a direct observation system of exoplanets surrounding a star, which consists of a space telescope and a shield
called occulter that has tens of meters in diameter. The occulter is placed between the space telescope and the star to block the light
of the star The starshade system has been researched by NASA. In order to suppress the diffraction of the stellar light, the light
transmittance of the occulter must be varied in radial direction if the occulter has circular shape. Such a occulter is called apodized
mask, and the transmittance is a function of the radius, which is called apodization function. A small starshade system that
demonstrates the technology of starshade in space has been already proposed in our previous study. However, the optimal value of
each design parameter which determines the apodization function in this small starshade has not been determined yet. In this paper,
the optimal parameters are derived by comparing the contrast when the constraints in the optimization of the apodization function

are changed in the small starshade.
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Fig. 2 Schematic of starshade
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Table. 1 Reference parameters

Separation distance , 2 1475 km
Occulter maximum radius , R S5m

Lower wavelength, A i, 300 nm
Upper wavelength, A . 1100 nm
Dark region radius, p 74,4 025m
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Table. 2 Contrast maximum in each wavelength

PeRAH | 20748 | 400 [nm] 450 [nm] 500 [am] 550 [nm]
100 [om]| -7413 8727 7377 -8.702

11
800-1100 fnm] 75 o m]| -1012  -1024  -1011  -10.67
100 [om]| -6.880 9454 7591 -0.542

400-1000
Ioand 7 ]| 9.058 9058  -9.056  -9.535

Fig. 5~ Fig. 8 75, ZIAE 10[nm]i 31448 100nm]iZ b,
BEAEICIIT D R A MBSEEL TND Z Ebhd. Zh
1, ZIZ4E 100nm] T IME(m—H/1 « S =< L)ITADIA
7, BMEZBIHTX TRV THDH EEZD. FT,
Table. 2 725, Rl LRHPAZ IO DHIZONTAL R T A R
EE L QD03 Hoif LRSI 400~850mm)iZiu T, #l
JE A =850[nm| Tz kT A Mﬁ%u%{mﬂ\é. c,t
ST, TRECEBWTEES Y F TR N EERT A0
sl B _EFRIT A =850nm] & D K&\ %R ”'ELJZE
FAUTZR BN &35, EHIZ, Table. 3125, ZIZE

10[nm]i 30206 100nm)iZke~, B RICH Téﬂij(:’ 'k
T A NOFEAERZEDVINE L, XD DEDVDRNT D35,
323 AhILEFEEEL

FHINZHRR % 1~5[m|F T 1m|ZFA CE LS W 7=BED
VTR NBVERERT D120, WEMEHIATIWA 700[mas]
WZDWT, ROl Sk T A M, Bl

£ =400 ~ 850[nm] £T 50 nm] LA THEETS. FE



DigRk=a b I A NeT vy LTS T 7% Fig. 9 1ORT
Fig. 913D, AANZEEPRELRDIZONTA M T A
MIEET S Z L 3onb.

1

@

©,.=800nm

. ® A=850nm

Contrast maximum, log [-]

-1
a1
2 L
-

Occluter radius [m]

Fig. 9 Contrast maximum in each wavelength

324. EEMEIZEIL

WEREBERAE paark % 0.15~0.55[m] % TO.10m]ZA T2 L&t
7B b T A NELEMERT D12, PREMERMA TW A
=700[mas]. R =5m]IZD\T, LARSEOBEHIZIIT Sk =
VT A N, BHER A =400 ~ 850 [nm] % T 50 [nm] %1%
THHT 5. KERORKa TR Ty LT
% Fig. 10 (TR

©3=400nm  @)=450nm @)=500nm  @®A=550nm

©3=600nm A=650mm; A=700nm A=750nm
N ©;=800nm  ®=850nm
0
i [ d
5 ® ° [ ]
£ " )
- "~
8 4 o
= ] ® °
3 e 0

o
®

tho [m]

Fig. 10 Contrast maximum in each wavelength

Fig. 10 726, BHEECEEAV NSRBI Tar R I A B
BT D 2 LD,

3.3. B/ T A2 DEH

BiEA 7 2O NVASE o B(IWA =700[mas], R =5[m])&
RETD &, AEUTBNTHo b ar M TR MSEELT
St LI R AT & ISR ORAAG 4o % Table. 4 1T F 7z,
TOBEOT RAAB— a VB E Fig 1118, HHEEE Ok
& LT, BRIHIERIZRIT DIk K= M F A % Table. 5 (2
R L, 3y b A ME10 ORFEETCHRT

Table. 4 Optimal parameters

Separation distance , 2 1475 km
Occulter maximum radius , R 5m
Lower wavelength , A i 400 nm
Upper wavelength , A (Step:10) | 900 nm
Dark region radius , p 44,4 0.15m
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Fig. 11 Optimal Apodization function
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