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Gamma-ray Irradiation Test of Optical Glasses for Hayabusa2/DCAM3-D
Ko Ishibashi*!, Kazunori Ogawa'?, Kei Shirai"?, Koji Wada"!, Yuji Ikeda™, Rie Honda™>,

and Masahiko Arakawa ">

Abstract
Japan’s asteroid probe Hayabusa2 equips Deployable Camera 3 (DCAM3) that will observe an impact experiment
using Small Carry-on Impactor (SCI) on asteroid 162137 Ryugu (1999 JU3). DCAM3 has two cameras, DCAM3-A
(a monitor camera) and DCAM3-D (a scientific camera). DCAM3-D, especially, aims to understand impact
phenomena on asteroids through observing the trajectory of SCI and the shape of the ejecta curtain created by the
impact. The imaging performance of DCAM3-D might degrade by coloring of the lenses that is due to the radiation
of up to 11 krad for a 1-mm aluminum shielding during the 6.5-years cruise of Hayabusa2. Since the two lens
materials Ohara Inc. S-TIH6 and S-BAM12 among the five lens materials for the DCAM3-D optics have no data of
the optical transmission dependence on the radiation total dose, we conducted gamma-ray irradiation tests for them.
Samples were irradiated up to 10 krad. The relative reduction of transmission between 450 to 750 nm that are the
wavelength range for DCAM3-D was maximum at 450 nm and less than 3.7% for S-TIH6 and 5.5% for S-BAM12.
The reduction is getting less at longer wavelength. These transmission performances were recovered modestly with
the time after irradiation. The degradation of the received signal determined by weighted integration with the solar
spectrum and the spectral response of the CMOS sensor used in DCAM3-D is 10.4%, which satisfies the allowable
degradation of 20% that is required for the observation of SCI with S/N > 5. These results indicate that S-TIH6 and
S-BAM 12 are applicable for the optical system of DCAM3-D.
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BaEZTHN, BHEBRICE DL XDBERIZL > THREESIENB Z DR 5. HFERICHEHA LT
W5 SHEFED 9 B o 2 i (AT 4k S-TIH6, S-BAMI2) (ZOWCIE, h#R h— 2L F— X B2k
LB BRBADT —Z NN ST 7280, T EHRT IR EITo72. JES 5 mm O IZE K 10 krad
EFTCOH~ERE L, BREL2HE Lz E 25, DCAM3-D ORI B4 (450-750 nm) (231F 5
MRS 2 A% D@ OB #1% 450 nm THK L 720, S-TIH6 T 3.7%LL T, S-BAMI12 T 5.5%LLF

Tholz. £, BFZRITRFHORBICENERRIZZ D ORIEN R bz, ZORRICK L, KA
~Z7 k)L E DCAM3-D IV BTV D CMOS & o 3 D43 RS THINE B &I > TEAMSIT LT
ROIZHFRERTOBR S 7 FNAORAHRIT 104% TH 72, ZiE, BHKRO 5 B b OB
HZEE 2 SN > 5 CBIHIT 5 72 DI LB RO & Th 5 20%LL F 2772 3. 2h b OER X v, S-TIH6
& S-BAM12 % DCAM3-D W3R I RTRETdH 5 = & MR S i,

|=8=R
1 EFx
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BWTHEN OB SN TG & 7 — #1815 217

5727 5 DCAMI, DCAM2 D##k T 5. ,_i.;:
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VB B 450-750 nm Tl K 1 fps DE/ 7 1 2. DCAM3 D4 KM,
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52 ENFHETH D P10,
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STIHE

Silca
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DCAM3-D 2 X 2 BB O AR TH D, K
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(SCT IZHE BN TNWDR—F 7 a ADKSE) &
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5. LIeido T, FERBETCOBMP T 7 F LD
WD R 20%LL FCThiLE, SN > 5 iz L,
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FIE T RO ATV, Z OS2I E
IMDOWEREIT T2, IB I DI =~ L5 T
iy (4> =27 %) 1 S/N>10 TR =1,
A7 ZDOIRE L S 2D &9 BT % i
-t eFRENS (2771, #585 A — 213 SCI
WG OLE LRI D).
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D ZAVE T O BB BRI K 2 sl
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72 1. DCAM3-D Y5281 G £ D ikt O i i IR
I AR,
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ﬂt-l

Silica 7~ ##, 1000 krad
(FEEFIEA 1989) 72 &
S-TIH6 (A ~F#h) FEHRME L

S-BAMI2 (AT 4h) | FEREMRL

S-FPL53 (A~TFth) | H o~ 1000 krad
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T~ BRRSTE, B ARIR A A0 bR Fe A i ey
B LISHATEFT O 230 ~ 60 FREHEEE ”Cﬁo
7-. Hayabusa2 X v v = V" Hif 6.5 £ O fiE |

BIFD b—=%NVF—=XE, 7T/ =0AERC
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NTWD D SRS O U E 25 CHEf B
AL e b <, S-TIH6 (% 2 mm (Silica),
S-BAMI12 Tl 4 mm (Silica+ S-TIH6) TH D (X
3). BOESME LT, XISMMASZ OREROR
I Ko TERBEOER S LD S E L, LRI
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AR ORER R S, Z2DET 520N TN D
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2. WIAREL (em™).
S-TIH6, 2 H#%

S-BAM12, 2 H#

A [nm] 0 krad 2 krad 4 krad 10 krad A [nm] 0 krad 2 krad 4 krad 10 krad
450 0.036 0.053 0.087 0.112 450 0.027 0.053 0.077 0.140
500 0.013 0.026 0.057 0.072 500 0.017 0.038 0.057 0.101
550 0.003 0.012 0.038 0.044 550 0.011 0.030 0.046 0.079
600 0.002 0.009 0.033 0.031 600 0.012 0.029 0.043 0.068
650 0.005 0.009 0.032 0.026 650 0.012 0.027 0.039 0.057
700 0.003 0.007 0.027 0.02 700 0.011 0.024 0.033 0.043
750 0 0.003 0.022 0.014 750 0.009 0.020 0.027 0.032

S-TIH6, 30 A% S-BAMI12, 30 A

J [nm] 0 krad 2 krad 4 krad 10 krad J [nm] 0 krad 2 krad 4 krad 10 krad
450 0.036 0.052 0.064 0.094 450 0.027 0.044 0.062 0.117
500 0.013 0.025 0.032 0.055 500 0.017 0.029 0.042 0.084
550 0.003 0.011 0.015 0.030 550 0.011 0.020 0.030 0.064
600 0.002 0.008 0.010 0.018 600 0.012 0.019 0.027 0.055
650 0.005 0.007 0.008 0.014 650 0.012 0.018 0.025 0.046
700 0.003 0.005 0.006 0.010 700 0.011 0.015 0.020 0.036
750 0.000 0.001 0.001 0.004 750 0.009 0.011 0.015 0.027

S-TIH6, 90 H% S-BAM12, 90 A%

A [nm] 0 krad 2 krad 4 krad 10 krad A [nm] 0 krad 2 krad 4 krad 10 krad
450 0.036 0.052 0.061 0.087 450 0.027 0.042 0.058 0.109
500 0.013 0.025 0.032 0.050 500 0.017 0.028 0.040 0.077
550 0.003 0.009 0.016 0.026 550 0.011 0.020 0.030 0.058
600 0.002 0.006 0.010 0.017 600 0.012 0.018 0.027 0.052
650 0.005 0.009 0.010 0.015 650 0.012 0.019 0.024 0.043
700 0.003 0.004 0.006 0.009 700 0.011 0.016 0.020 0.035
750 0.000 0.001 0.003 0.004 750 0.009 0.012 0.014 0.024

S-TIH6, 380 H 1% S-BAM12, 380 A%

A [nm] 0 krad 2 krad 4 krad 10 krad A [nm] 0 krad 2 krad 4 krad 10 krad
450 0.036 0.049 0.059 0.080 450 0.027 0.039 0.054 0.098
500 0.013 0.022 0.028 0.044 500 0.017 0.025 0.034 0.067
550 0.003 0.008 0.011 0.021 550 0.011 0.017 0.024 0.050
600 0.002 0.004 0.007 0.011 600 0.012 0.018 0.023 0.043
650 0.005 0.005 0.007 0.009 650 0.012 0.015 0.019 0.036
700 0.003 0.002 0.004 0.006 700 0.011 0.014 0.018 0.030
750 0.000 0.000 0.000 0.002 750 0.009 0.009 0.012 0.020

T2, STIH6 D dkrad S D 2 HEDOT =25 Z&iTo7-. ARBRTIE, EHERIENEZ >7

(X1 9a) 23, DT —H HOBEANHKE S
TWA DU, BiR D@ Y , S-TIH6 & 2 H %D 4 krad
FREEL ORI EIC IR A D DO RERH 5 1272072
EEZLND.

T2~ BG4 D = O RE [ 22 b O i 1) 2 E
BN O DI, FonHMDOT7 4 v T 1~

EEZONDBEEEAOHBINTIZ 2 HEIZL
DE ATy 72728, RIS IS\
D zATH) Z 3L, LR -T, 8 HA
UBEDT —2 % M TEMNEIEO A2 EET 5
Z &L EHIMEIEE, 2 )OS, EHHE
BT RIS THD EEbITWE D L RERD
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5 &
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FRIZ X9 2 2 B £ Oy Z il R &1,
DCAM3-D D Z#ifH T & 5 450-750 nm (23T
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TIEHAEORBTHONTET— X%, ZOMOM
MO W TIIBEF RSB O 7 — & 24 L C,
TSR RRC X 2 PR RO F R E DO LIS
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F 4. JEEX 5mm O S-BAL4L & S-FPL53 O A
Ve R B R TOBIRE (%) T

A S-BAL41 S-FPL53
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700 90.54 87.89 93.53 92.30

*PEEFIED (1989) 'V OF — & & AW TEH.

Y, DEVETRIFHEiA TSI &ITRD.)
Wiz, KBEA~<Z7 hv (K 11) & DCAM3-D
IZHW BTV D CMOS D43 (K 12) 2%
BLEEATTZ2 L THLEERS T2 LT,
YR S 3 L OB R E RO R O E R e
BARERD D, 728, SCI IZAE LN TV D _—
27 AB LU CHRUNEROAHIRERIZBIT 5
FESRITIFIEERDT, TNHITE DD
AT FIVTRARIIRIG AR BV ER—TH D
EAGE LT 5. B R i PH 450-750 nm (Z351F
%4444 S-TIH6, S-BAMI2, S-FPL53, S-BAL41
DFWRIL, REFOGEIZTENEN 593%,
88.3%, 87.3%, 90.4%, 10 krad FRETOHEITEN
2 58.3%, 87.0%, 81.7%, 89.2%& 725, L7z
T, HEORAHEE, S-TIH6 A’ 1.8%, S-BAMI2
23 1.4%, S-FPL53 78 6.5%, S-BAL41 3 1.3%& 74
D, HFREETOBE S 7O R,
104% & 70 % . 2, BRTili 7o, HFRAR
TOBM T 7T NOFEBDETHD 20%LL T %
Foriie . (Zpds, RO TIXSCRBA I
FEEETICHEREZFRE L TWDR, EEO
DCAM3-D JEF2 D4 L o RNTIE G B M5 5=
EInTEY, SREOMIEIXENEN LD
LOXD HEVMEE 72D, BT IEREZ X,
EERHY, THETICHEFRRETRHRE SN T
WRWEDEHNTNG.)

F7o, K9 BLUX 9 THREZLHIZ, Fihx
TERMAIC HECICEIET S, DCAM3-D Yy
FOHIE ORI R IERECR AR O LFN &
VEZRDN, FHIIIEREIRE L TELX X
72V, JE> THEPEIC Hayabusa2 M EZEFEER 21772
5 KD RE N 2BREOR L, ARIO h—F L
R—=XBRICB T 2 RFEZOME LY /NS 7l
LD . HUERGEBR OO B R 0D 18 08 1B RO R AR
IR 7 VT OFAER 72 BRI RO U R & 5
T DR A BROIE, BRI OB R IR IR X
AR LV RO 7B % OFRmIRITITV S DI
mHEMHENS. &b, ko =1
F—273 10 krad DHETH Y, WREIRES D & 72
STW5S., Zhb XY, fdM S-TIH6 & S-BAMI2
% DCAM3-D DWZEFZD L v RIHEHT 5 Z &1z
ENEEVAVAN AR ST ol b RSy S

6 &

BRRDO KIS S — 2 F— REAFHED T — &
DM 2 FEFE O YA S-TIH6 & S-BAMI2 DA >~
BN —42 L F— X3k %17 > 7=. Hayabusa2 D%
FRSEELVEN LA HEM 2L X~D
F—% F—X(%, S-TIH6 Tl 6.6 krad UL F
S-BAM12 TiE3.0krad A FCTh D72, HEfF LT
JE & 5 mm O > 7 Tk L TR 10 krad O
T~ MRS 21T > 7=. DCAM3-D OB E4
FHCd 5 450-750 nm (235 1F B FRET 2 B % O FE %Y
BRBEBBMEOLTIL, HbHFBREORD N RKE N
450nm T, S-TIH6 T 3.7%LL T, S-MAB 12 T 5.5%
LFTHY, RERIEERDIID otz K
Y AART R L& CMOS & >t D45 sk B TR
FH#PHICIE > TEAMNIT L, BEREHRTOB
W 7 F OB RIT 104%TH D ERFED b
Tz, 7=—U U 72X DM EREDEIE S ERE
T5 &, ZhHiE DCAM3-D OB B 72 Bk
ThD, REREERTOY T FIVEDEDN 20%LL

This document is provided by JAXA.



Hayabusa2 3B 1 A7 F A4 O 5>~ #i G 5Bk 13

TV EEEZ ST LTS, b DR
%i@ 44 S-TIH6 & S-BAMI2 | DCAM3-D ¢

IR L, BYEEMEZERATRETHDLZ L%
ﬁﬁ?\d L.

A

ARRBREITOICHZY, HEESMKASON
ﬁﬁm& I3 2~ R IR R 0 YE(i 55 L OVHE

TEIINTE T W 5. Ee, ENKR

%jﬁ’%ﬂiﬁﬁf/? D = FHEEF] R I3 R
BB DN 2V T RIEH T 5. TS
ﬂn%%%%@%%ﬁ*@tKMﬁ#ﬁw%ﬁ%
T ORENORFEURIZE L ETERAED IR
EIHWZ & 2T 5. FHIMZERR 7 B S A
D i F IR I AT B W TRER I /2 3 A
¥ R EWETE W EEHET S

BE

) #efm FE, S8 BE, BE L%, R HEE,
F OB, nll Buz, M 802, s 5E, T
H g, 135S 2 BEEEICOWT, FHlR
o il E A RO = G B O£, Volse,
JSASS-2012-4522,2012

2) Saiki, T., Imamura, H., Arakawa, M., Wada, K.,
Takagi, Y., Hayakawa, M., Shirai, K., Yano, H., and
Okamoto, C., Small Carry-on Impactor (SCI) for
Hayabusa2 Impact Experiment, submitted

3) R BUZ, fil i, 1305 S SCI/DCAM3 F
— 4, KOF TIERSS ) Rk €03 ~
ymmMM3&%%@ﬂi~,H$%%ﬂ$%
76 Vol.22 (2013), pp.152-158

4) Arakawa, M., Wada, K., Saiki, T., Kadono, T,
Takagi, Y., Shirai, K., Okamoto, C., Yano, H.,

Hayakawa, M., Nakazawa, S., Hirata, N., Kobayashi,

M., Michel, P., Jutzi, M., Imamura, H., Ogawa, K.,
Sakatani, N., lijima, Y., Honda, R..Ishibashi, K.,

Hayakawa, H., and Sawada, H., Science objective of
Small Carry-on Impactor (SCI) and Deployable
Camera 3 Digital (DCAM3-D): Observation of an
ejecta curtain and a crater formed on the surface of
Ryugu by an artificial high-velocity impact,
submitted

5) Sawada, H., Ogawa, K., Shirai, K., Kimura, S.,
Hiromori, Y., Mimasu, Y., and DCAM3
Development Team, Deployable Camera (DCAM3)
System for Observation of Hayabusa2 Impact
Experiment, submitted

6) TRM 5L5%, EMR FER, AF K, NI R,
B B, AW B, I BUE, 1305E 2 #%
HTHET A T2 K DEREERBINI v 23 2
DWT, TP EIE GRS EEE, Vol.56,
JSASS-2012-4523, 2012

7) Sawada, H., Shirasawa, Y., Mori, O., Okuizumi, N.,
Miyazaki, Y., Matsunaga, S., Furuya, H., Sakamoto,
H., Natori, M., Tsuda, Y., On-orbit Result and
Analysis of Sail Deployment of World's First Solar
Power Sail IKAROS, The Journal of Space
Technology and Science, Vol.27, No.1, Special Issue
on IKAROS (2013), p.1_54-1 68

8) Ogawa, K., Arakawa, M., Sawada, H., lijima, Y.,
Wada, K., Honda, R., Shirai, K., Ishibashi, K.,
Sakatani, N., Kadono, T., Nakazawa, S., Kobayashi,
M., and Hayakawa, H., Development of Hayabusa2
Deployable Camera (DCAM3) for Observation of
Impact Simulation on Asteroid, Proc. European
Planet. Sci. Cong., Vol.8 (2013), EPSC2013-733

9) Ogawa, K., Shirai, K., Sawada, H., Arakawa, M.,
Honda, R., Wada, K., Ishibashi,
Sakatani, N., Nakazawa, S.,

K., lijima, Y.,

and Hayakawa, H.,
System configuration and operation plan of
Hayabusa2 DCAMS3-D for scientific observation in
SCI impact experiment, submitted

10) Ishibashi, K., Shirai, K., Ogawa, K., Wada, K.,
Honda, R., Arakawa, M., Sakatani, N., and Ikeda, Y.,
Performance of Hayabusa2 DCAM3-D camera for
short-range imaging of SCI and ejecta curtain
generated from the artificial impact crater formed on

asteroid Ryugu, submitted
1) P8 R, Rin J5ik, W EA, K B OR

This document is provided by JAXA.



14

12)

13)

14)

15)

16)

17)

18)

FH ML LS B TSR 2 B s JAXA-RR-15-005

e 2, Il =5, KB 2 A DE
7T A DTSRRI ERER, ESIRSCH#, Vol. 3
(1998), pp.145-150

FR05 S 2 R DM BREEMERR B L E R, F
HAL 22 TEBR JEARAR, 2011

= I, H B, m e, AR BEE, N
ook, A W, ol =
BepiColombo/MMO 54k 7 A 7 5 Z A D
TS R PERR R, 5 B AT FEAT R &, Vol.120
(2002), pp.1-10

Bensimon, Y., Deroide, B., Dijoux, F., and
Martineau, M., Nature and thermal stability of
paramagnetic defects in natural clay: a study by
electron spin resonance, J. Phys. Chem. Solids,
Vol.61 (2000), pp.623-1632

Sheng, J., Kadono, K., and Yazawa, T., Fading
behavior of X-ray induced color centers in soda-lime
silicate glass, Appl. Rad. Isotopes, Vol.57 (2002),
pp.813-817

Fuochi, P., Corda, U., Lavalle, M., Kovacs, A.,
Baranyai, M., Mejri, A., Farah, K., Dosimetric
properties  of gammaand electron-irradiated
commercial window glasses, Nukleonika Vol.54
(2009), pp.39-43

Farah, K., Kovacs, A., Mejri, A., Ouada, H.B.,
Effect of post-irradiation thermal treatments on the
stability of gamma-irradiated glass dosimeter, Rad.
Phys. Chem., Vol.76 (2007), pp.1523-1526

Mejri, A., Farah, K., Eleuch, H., Ouada, H.B.,
Application of commercial glass in gamma radiation
processing, Rad.  Meas.,, Vol43  (2008),
pp-1372-1376

This document is provided by JAXA.



FHMZEMRRFEHE

Japan Aerospace Exploration Agency

AENRIIE. T U —VEBAAICE D BEARASOYIMREEE R T REFERALTVET,
This document is provided by JAXA.



	表紙
	概要
	1 背景
	2 要求条件
	3 試験内容
	4 結果
	5 議論
	6 まとめ
	謝辞
	参考文献



