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Development and test of superpressure balloons
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Naoki IZUTSU', Hideyuki FUKE', Kazuhiko YAMADA', Issei INIMA', Yukihiko MATSUZAKA',
Michihiko TORIUMI', Naoki NONAKA', Daisuke AKITA', Jiro KAWADA', Eiichi MIZUTA',
Michiyoshi NAMIKI', Motoharu SEO', Shigeo OHTA', Yoshitaka SAITO', Tetsuya YOSHIDA',
Takamasa YAMAGAMI', Takashi NAKADA?, and Kiyoho MATSUSHIMA®

Abstract . A zero—pressure balloon used for scientific observation has an important limitation that its
floating altitude decreases during a nighttime because of the temperature change of the lifting gas be-
tween day and night times. Since a superpressure balloon may not change its volume, the lifetime can ex-
tend very long. However, only small superpressure balloons could be come to realization, since an im-
practically large tensile strength had been requested for the balloon envelope owing to the design of
sphere type balloon. We proposed so called a ‘lobed—pumpkin’ type superpressure balloon that has a ca-
pability to solve this essential problem. Many scaled models were manufactured to be tested indoors to
study the validity of the design and fabrication method. Some of them were devoted for flight tests to get
an actual environmental condition. A series of experiments detected many issues around the design
method and the manufacturing process. Conclusively, we cleared up almost all of them and believe that a

superpressure balloon can be realized with a practicable large size near future.
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First microgravity experiment using free-fall capsule released
from high altitude balloon
By
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Shujiro SAWAI', Yoshitaka SAITO!, Tetsuo YOSHIMITSU', Shin-ichiro SAKAL,

Hiroaki KOBAYASHI®, Kazuhisa FUIITA®, Nobutaka BANDO!, Masayuki GOTO",
and Hiroshi YAMAKAWA!

Abstract : The first microgravity experiment using a new free—fall capsule released from 40km altitude
was performed on May, 2006 based on a drag—free technique. The fundamental data for analyzing the
drag—free control, the flight sequence, and the wireless communication between the capsule and a con-

trol room were successfully obtained in the first test flight.

Key words : free—fall capsule, drag—free control, high altitude balloon, first test flight
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Static Deployment of Large Membrane Using a Balloon

By

Osamu Moril, Shuhei Nishimaki2, Michihiro Matsumoto2, Atsushi Iwakurag,
Masataka Arakawa4, Yusuke Shibasakiz, Fuminori Hanaokaz, Masayuki Sugita5,

Maki Shida' and Jun’ichiro Kawaguchi1

Abstract . ISAS/JAXA is studying a deployment method using centrifugal force for solar power sail
mission.When a large membrane is deployed dynamically, it is twisted and vibrations are excited. Thus it
is required to be deployed statically. The mechanisms for static deployment are developed. The static de-
ployment of the square sail of diameter 20m using a high altitude balloon is demonstrated. The pre—ex-
amination on ice rink is also performed. In this paper, the contents and results of these experiments are

reported in detail.
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Observation of diurnal variation of HO: at submillimeter-wave

By
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Yoshitaka Saito®, Issei lijima®, Naoki Izutsu?, Michiyoshi Namiki?,

Yoshihiro Tomikawas, Isao Murata4, Kaoru Sato®

Abstract . A balloon-borne superconducting submillimeter-wave limb-emission sounder (BSMILES) is
powerful tool for observations of stratospheric minor constituents. The third flight experiment of
BSMILES was conducted on September 4, 2006 to observe diurnal variation of HO.. BSMILES carries
an offset parabolic maim reflector with a diameter of 300mm, a 630 GHz—-band SIS mixer cooled by lig-
uid helium, an acousto-optical spectrometer,and 3—axes fiber-optic gyroscope. The gondola was lifted to
an altitude of about 37.9km by a balloon of 200,000m’ in volume. The system operated properly and
emission line spectra of O; and minor constituents were measured.The system was retrieved from the sea

after the observation.

Keyword : submillimeter-wave, superconducting receiver, stratospheric minor constituents
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2O DONEEAREZRI L TWE I EDEZERBIC L D HBIL, T 52 LT L7z, (20044F DEARANY
7 L RIHEORFIERORRTH o 72 HEMEN D 5. )

20044E DOBIIITIE, TOREEEfH-> TA V>, VU FEMAR, HCl, HClFEAAR, HO.OBHIZHI) L 72
[10—12]. K5 I1220044E DB TR O N2 ARZ MV EIRT. T OHIZIF20064 OB 5T TH 5 HOR +
v, “BLHERSE TR TV L. W5 (a) IKIEWLOPDREZMATOT - RENTWS, M5 (b) 12
&, B SN HOD AN PVHRENTWE DS, Blll7T— 7 26485072 ms / 4 XIEH7T0mK TH 1),
SIN~I0THIIICEII LT 5. ZORD Y A7 L MEFIREE IS BT I8P T450K LLF, i BAE340K Td - 72.
BIAIEEZNE 9 2 50—11 : 30CHEUMEE LA 1 BEETd %75, 2 GHz OB % 1 GHz 15 (K58 TR L
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LO:631.095 GHz (Isb+usb)

X eos f/ = \ "HSSCl\
i — .
e LUl e / ] [
€U / \ L [ |
civAY / Y 11 Ho2 (wsb) / \
VY Ve N/
) \ Ho2 )
N
% 59 57 55 53 5.1
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X4 EHEI~RT ML,
® | RN AR
e 7l i
~ 1l T
ol = O - Do == 0, s (ush)
7000 (ust) [} 0, /||| \orootsd) [I[l| | 2™ T \

o R SAYAA LANUY) N} S T
W/\W// \\ //\\\M&Q N ] /

= N AN R L v 2

=

Brightness Temperature (K)

+1.2° ‘ ‘ " HO, (usb)| 27
624.22 624.72 625.22 625.72  (Isb) @ 26
625.53 625.63 625.73 (Isb)
638.22 637.72 637.22 636.72  (usb) 636.91 636.51 636.71 (usb)
Frequency (GHz) Frequency (GHz)

(a) (b)
X5 2004FNEHAITES N (a) Os, HCI®, HCF'Z, (b) HODZX~Y bIL, &A1 4.

TV ZE, BEFAICAF Y Y LTWS 2 ERBEICKIET—2 203 L TWw5A 2 LT, M5ITRENTW
5 1DODANR7 PVIZIA0.7° O xRS L7z, oY1 SO T—%Thb. Y AT LD ms /X
(Tw) (&, HEFEE (T.), BORR (o), EEESHE B) THROLND (Tw=TuwW Br). (€T, 2O
FRESEREH S 2L THOOEREMRIEATRETH ), »OBEICOA2BH%IT) 2L T, HO.OHZ
LZRMET S ek EMESN D, $72, X6 IC20044E B OKEREE 70 7 1 )V E/RT. FRT10EE
MO THEE TEE30—35km TRITL TV A, 2O L FEREICHI0ER (D) oBllz4TH) 2 LT, H
ZALZ BNk 2 L MfE s D,

3. KEREER

200649 H 4 H 6 2847, BSMILES (& B200&! 2 & W gEks nrz. @ET 0 7 1 v, RATEEFZ K 7 12R7.
SERIIHOER 1 BRI 1253 1212 EAEE % 012 L, H5130km O b I3 L 720 5 CH LS L 72, BERAY 4 BR 152
RISV EEEST. Okm (ZEBE L, £ 2 REH OB (L NVEERNER, T2 F7RI00REDHHTw - <
DEFENY, BIELAZD LTWie) O, 1346512 125 OR4 THRIEHISER2 S0 B S 7z, B
B RIS 8T 22— PTAEKL, 20 F TICHCRIS 7z, [IE, SIERHNOREEREDIKEINTnE
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BSRILES: Bmib obeervation HIEA0 - 1333, 4 Sopoombor 2008
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HO.® HZAL OB % 17 5 % HWIZ, 20064F 1245 = [0l H @ BSMILES O ERER A fTbI/. v AT Lid4
TIEFICEEL, AXZ MUVF— PEG SNz, SRIOFRMTIE, D515 Iy 7 Ly JORWEIERT
BAILTW-Z ehs, HWE LB EZ 51T I ES o7z, SIS X 7 ICHUINT 5 Y % AED[E
FERPOTERIIEZLZ LR, PHE~NODANEZE=F LT, a7 FICLBLRVTHBBHEENITAZ &%
TYAT L0 EPHE L. T @2 #E 12 TEM (Japanese Experimental Module) /SMILES  (Superconducting
Submillimeter-Wave Limb-Emission Sounder) [13] OMGEELHIR> 7 — & MBLFEAMTBAFS 12 b > 2 LA S
%, E5121F THz w2 B 5 K&EM (1.8THz, 2.5THz, 3.5THzOH) %, RAEBM~OIEHHFEsNS.

2 £ X #

[/] R.R.Conway, M. E. Summers, and M. H. Stevens, “Satellite Observations of Upper Stratospheric and Mesospheric
OH: The HOx Dilemma”, Geophys. Res. Lett., vol. 27, no. 17, pp. 2613-2616, Sept. 2000.
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This document is provided by JAXA.



74

and data reduction system,” J. Geophys. Res., 100, 3091, 1995.

[3] K. W. Jucks et al., “Observations of OH, HO., H;O, and O; in the upper stratosphere: implications for HOx photo-
chemistry,” Geophys. Res. Lett., vol. 25, no. 21, pp. 3935-3938, 1998.

[4] J.W.Waters et al ., “The UARS and EOS microwave limb sounder (MLS) experiment,” J. Atmos. Sci., vol. 56, no. 2,
pp. 194-218, 1999.

[5] B.J. Drouin, H. M. Pickett, “Laboratory and field studies in rotational spectroscopy at the Jet Propution Laboratory,”
in Proc. Int. Workshop on Critical Evaluation of mm-/submm-wave Spectroscopic Data for Atmospheric Observa-
tions, Mito, Japan, Jan. 2004, pp. 10-13.

[6] T.Canty, H. M. Pickett, R. J. Salawitch, K. W. Jucks, W. A. Traub, and J. W. Waters, ”Stratospheric and mesospheric
HO; : Results from Aura MLS and FIRS-2,” Geophys. Res. Lett., vol. 33, 1.12802, 2006.

[7] C. Day, “New measurements of hydroxyl in the middle atmosphere confound chemical models,” Physics Today,
Nov., pp. 17-19, 2000.

(8] Az, H&h, W&, W7, WLk, 7, JEE, JER, "7 3 VKIS X 5 80EE 0, ClO DEEI”, Hifi
ZefF e PR JE P e Ty RSERERIITR Y, pp. 90—104, 20044E 3 A

[9] S.Ochiai, S. Tsujimaru, Y. Irimajiri, T. Manabe, and 1. Murata, “Stratospheric ozone and CIO measurements using
balloon-borne submillimeter limb sounder,” IEEE Trans. Geosci. Remote Sensing, vol. 43, no. 6, 2005.

[10] Az, Ey, #&, Wk, #ik, NIk, 6, Sk, Fik, FE, 97 303512 X 25086 0.3 £ 0 HCI
OB, FHIAZEN 7R ZERENT 7R ZE s R ERBUNHE, pp. 69—76, 20054 2 H

[ 77] Y. Irimajiri, T. Manabe, S. Ochiai, H. Masuko, T. Yamagami, Y. Saito, N. Izutsu, T. Kawasaki, M. Namiki, I. Murata,
“BSMILES—-A Balloon-Borne Superconducting Submillimeter-Wave Limb-Emission Sounder for Stratospheric
Measurements,” Geosci. Remote Sensing Lett., vol.3, no. 1, pp. 88-92, January 2006.

[ 72] Y. Irimajiri, S. Ochiai, T. Manabe, T. Yamagami, Y. Saito, N. Izutsu, T. Kawasaki, M. Namiki, I. Murata, K. Sato,
“Development of a Balloon-Borne Superconducting Submillimeter-Wave Limb-Emission Sounder for Atmospheric
Observations,” 25th International Space Technology Symposium, Proceedings, 2006.

[ 13 ] JEM/SMILES home page, http://smiles. tksc. jaxa. jp/

This document is provided by JAXA.



K& 35 0 % T iR

Wi Bl - fE m—1- i sl Ek AET
Wb BEIF2 - g —fE2 - RS A - fRE 2l ERE OERES - Il IRsES -
L T 3 o N R N £ I AR = = AR N EE R 1| )=

Microbe sampling at stratosphere
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Abstract: The microorganism sampling experiment of the stratosphere and the troposphere was con-
ducted by using the airplane by Tokyo University of Pharmacy and Life Science. The bacteria with high
ultraviolet resistance have been isolated from stratosphere and the troposphere. However, the highest alti-
tude of the sampling was limited to about 12 km. In this work, collaborative sampling experiment of
ISAS and Tokyo University of Pharmacy and Life Science was conducted to collect microbes at the at-
mosphere in a higher stratosphere. The microbes were filtrated with ultra—membrane filter at high alti-

tude using balloon and the filters were placed on the medium. Several strains of microbes were isolated.
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PRISERE L0, FRBFAFTEAES & FOEERNR A O & 5 HiE B2 81T 2 BEY OPREFERRD R Q3K &
HeTITbTnd. AR TIIRERRGZ BRRFRET S 2 I8 o T, TOHORAEN O 5 AWEr %
Frafr) L e bz, BOUTRHOSHMENONIZLEL) ETHEDTH 5.

B Sr SNV 2
PRI PSR TR IR

This document is provided by JAXA.



76

2. fIROE=E

KA TORAEYREFEBROFELIEE C1930FEM2 5, REEk, FiTHD 5 WZBIHHT 7 v b & w7258
PWirbnT&7z [1-3]. F7ohka eREFEEZHCTREERfTDONI: (£1). LHL, ZOFEEONEK
3%, 722N S OERDPIBENRD S o 2o FEWFFEOFRURIATbI 272012, Bk L6k
WMIRE L ZORFICL EF o Tz,

TIT, bUDOIUIMZERE W Tl2km TTORKAEZREL, LOTOMEN OHEE L T O 247> TS
72, TORPRRIREIKS PART T LB THREELELTEL [4, 5], #RZ2ENTL2L5ERDOETHL. ¢
bbb, M E3km 2> 512km £ TOEEETHZERE ISHEI L 2B HRERE CREORK 2 WG L2 D Dfg
AR L7z, MR OREDHER, SHROMER L1572, ZOMAEWHREIL, £1 TRSINLTWELFIOAIF
FRETELZWETH 72, 206 OMEKROEINRITEZHRI2EZAH, ZDH) LD 2HPINTI TR E
VERILRIPE & 55D & TV B Deinococcus radiodurans & [R]&E 22 5 W ZZF DL L ORI EEZ R L 72, £
72, ZDI6SIRNABE T O 70— = 7 IO 247 - 728 2 A, T 5 281 Deinococcus radi-
odurans & Q2% FEEOMFEELFF->THB Y, JE L IV T Deionococcus J& & FHiF DR TH A EHEE STz,

3. REREE

AL TIE, SHICEBORRTORENMMEROAEL T 572010 KAEKE H W REER Y T- 72
[6—9]. FR134F 55—l i) B i A Wy PR 45 A R FEER T B 20km T#91,0000 v MVOWEF %2 B 2 7 - 7295,
WA OREEZTE Lh o7z, FRRI6HESE IS B R BR B E IR E B D 5 I RA OIS 22 KT 572
WO\ 72\ AR AR B & BISE L, EEE20km T9,000Y) v MV O KA A IRE L7z, F TR T4 45 = [ @
BB A W R A R ER TR CULEE EE20~25km (2B T9,0000 v VO KB ZFRIL 72, NS DFEEED S L1
DY AWk BB ) L7z,

®1 DHOATRE TOMENREER

Year Mission Altitude Device Species Cell density Reference
1936 Balloon 11~12km Sterile cylindrical sampling de- Bacillus sp. 0.14m’ Rogers, L. A.,
vice descending by parachute Fungi Meier, F.C.
1966  Aircraft 3km On soluble gelatin foam filters ~ Fungi 5 ~200m*  Fulton, J.D.
Bacillus
Micrococcus

1967 Balloon 10~30km Drawing large volumes of air by Micrococcus 0.8~0.02m* Bruch, C.W.
a fan through polyurethane Alfernaria

foam filters Cladosporium
1976 Meteoro- 48~58km Nutrient medium on a film Micrococcus 31 Imshenetsky, A. A,
logical Micobacterium (Total cells Lysenko, S. V.,
rockets isolated) Kazakov, G. A,

Ramkova, N. V.

This document is provided by JAXA.



77

4. BEMRELEE

FRIGEEE, PRITAEEZ D 2 MO RKIRE OB IREEZ B 2 %o 72, FRI6EEIX 164 8 H25H,
SPRATAE LIS PLTE 6 A 6 HIZHIERD Th 2 2 1499,0000) » bV O K5 D jE# %20~25km TH 72 -
2. TV RTIHERLZZWGIR Y T7E2EHL, T2 P74 RAZW5IL, fLIE0.45um DA > 7T 7 4 )V
5 —Thil L7, BAEMRERED L ORRE N7 REOFEMICE U TIRBECHE L7 [10]. SR
BEEEH LT FTIERE, O 0 B S AEKROR, BUINS M=RERERBIE > & — 1S IEN 7z, SPIR164E L
DEFRTIIRERBI L > & —NICHE LS HROME 7 — NP TA LTI 7405 —2WOHL, HEil%
BUEREM FIZoW7z. FRITEEDOERTIE, 74 V7 —REET 2 IREHEL ST AL L, BRTERREA
FHInh, MEIERI ) — RO FHRTRA YT Z 07405 — %R0 H L TEERZ & RERIER Licow
THEEZIT- 7.

5. FHRI6FEEMEMEERER

SPHIHEEDRET AN —POEF L7270 -0 O—E%2 K212 L0/, FREEEBORTWLAITIEIZIE
KREFHREATOMAEINE L TOLUEELNH H7-0, BTI00E 71 V5 — 1 FZHCWTRADHEF]AE %
fTo72. 20k, MAILOZ ) == F 2 MR T 5720121007 1 V7 =3 % HOTRAOWT A %47 -
7o, FORBIC, RFEDOZOIZT AN — 2 2 C2THBOWE | AE% 7o 7. 30CTHENHRAEFT L/zan
S—HER2ICFLD. ZHROICO AU —DEFEVZODT 4 VY —THEEIN. LrL, NXFZTYUT
au=Z—3 74y — ETEBEIN G »r o, REGFWHZILELT, 714 V8 SO ETheenNs 7
V7020 —DEFEFBEINT:. ZOBEHE L TR TOZSomgEElEzoN7z. 1) 74V 5 —%%
WICRTHIS, KRRIETANVY —% 74 V57— 58k (GRMEOW) »513TLTT7 40y =721 2 %EREH
KBTI TETH-72. LoL, BREMOBGIABOBEBETT A VY =97 4 vy —LFEBRICEF L TETT
ENTERPoT. FITRE, 7AM5—HBILEXEMICOE., LIAL, 740V7 —ZRHEBEOEARD
T2DIZT AN =Ty =Bl e R VBT LD T, 7407 — 32 R ICH LAD B
Bdolz. ZOEEPIZTANSY — LOMBSROE - 721 ieMESH 5. 2) FaROBH THHE IZHATRIEIC
VEEICBE RIS o T2, 74V — R FEREEM L ICOX 2852 B OMEE 7 — NP Ciro 7205, 2O7—F
ENADOWAZR ST ENTERY. COBEAEHIZ L W EERIZHRF OMED O 7 — FHRADFEADE &
THEREM FICIRALET LTSNS 5.

3ODTANVEY —FLEETOY T Y IDIEICNo. 1, No. 3, No. 2 Th5A. FInbor 7)) rr

x2 FRICEERETL2—4£FI10=—-%

Sample No. 1 No. 3 No. 2
Purpose Cleaning Test Sampling
Sampling time 10min 10min 27hour
Bacteria 0 0 0
Fungi 2 2 4
Bacteria (out side) 0 1 7
Fungi (out side) 3 2 8

4 ARSEETERBI XX 7 AM30C CTEREZOFER. Out side 37 4 V7 — Dt
Rk E oo =—,
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RS RaL, N7F)TEAEOI0— I No. 2 TIROL WA, ZhAH s 7)) v VML b Ew.,
RIZ, TA4NY —DEREM~OBE O ZONETIT-72. o T, NADERE 7 — FADRAD ZDIETE L %
HIENTFHEND., o, BIEINHECLI0=—DE2H _OOBHOND &6 505K ) WD RV
ONEHETLH I LT TEHED,

6. FHRI7EEMEMEERER

FIT, FRITEEICIEZZ) LMESOWRREMA Y 7)) v 7P e g T 72 K 1IGFERITEERE
YREIZB I A RHKORITEEL, 32074V —0% 7)) v 7 2ER L. FIRITEEORETIE, 74
W =% T ANEY =T+ VF—TERGERRFANFRELRY, MEARERN ) - XU FHNTT VY —DORH
NOBE A To 7z, F7o, EREMOMDL Y ICELZ LAZEFELBEMEZH VLI LT, 71407 —IZWEDY
NEPTHI LRSIz, ZO/RET LZRWBERI IR L.

ZORERIIPFRIEE DR EHA L ETHE-oTWS, ¥, AFLALI0=—0HIE L0105, F
72, WEDEFIIBSEIN 2o, ERITEEORE ECTOMEY Y~ 7)) v FEE» S, =R EREITE

8

| Rl R i

Sampling (rirer 2)

20 hr 32 min

Altitude (km)

T Jun 4:5!1
2 " M PR g 3 o 2 PRI | o [}
5 10 15 20 25 30

Local Time (hr)

1 FRI7EMEMFRERBRRTSE S L CRERMH

R3 FRIVFERE7 (V2 —4£F10=—-HLVZ0ME

Filter Strain Color Growth after UV illumination
1 (Cleaning) BL511 Brown +
BL512 Purple +
3 (Test) BL531 Brown +
2 (Sampling)  BL521 White +
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KHFZEIE, PR OB EE A7 N O A — & 12X BN (BESS—Polar EER) %3 L
<, [FHRREA T, KWEOREELE] *HIE LTwa, MEBREMEEIC D 3 R
ANVF-FEBIER L, KBETARY PVEREHEICIEL T, %28 (2R) &HEKETRE
OEfREERERD L E LS, [FEIE7 T v 7 k=) (PBH) OS], TBHERF - =2—
1) — 7 O3] 55, OMTEEICB) 2 FRTHEOENE 2% [FH (—X) &iFEOR T
ERETEET D, KA Y LOBEFEEZE LT, FTHICBT WY - IKWEOFAAEDIEF
MABGET 2. FFRICHT, N Y AREEBEICBIL, ZhETosF ¥ ToRill (BESS
FER, 1993—2002) OFERE b T, KUHHEIZH & 2 OBEM AT D W CRFA B
L, FHMOEE, WEEHICET 2587 — 5 23Rt 2.

ARFFETIE, TN E TOBESS EBRTE ONBIZEARY MO A — 512X 2 FHGEN O
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BMANRY MO A= % HZB% L7z, 20044120 130, mit CKE, ~27~— FiEH) <o
BINRERST S 1, ®EE37km T 9 H I K SEHE IR L, 9EA N> b D5
R T — 7 2 UE L 72, EH T AL F—0.1~1.3GeV OFFHIZHVT, ZhEFTORH4H
DIMETETITANF —ARY MV ERPE L7z, BRI, H22 (TR) BEETLVE L CEAL,
— IR BB T O IBBEIE B S LT e, KEFIEBY BN T ) 728 12 & 72 % 20044F
O E L TP 7R 21572 RN 7 AR IE, ThEToNy T 280 EkE
BE2EUEICED, KA YL/ Ny Ao EREZ2.7X107CF T L TP, K
5 Cld, BESS-Polar (20044F) ORLR %o, KRB BB/ (20074E) 12BI1F 542
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1. BFEE®

BESS—Polar FZEk I3 F KT/ SR O R % Bl 2 8 L <, WFHOFEN TEOMBEZ RO D Z L2 HW
ETH (K1), IR AVF—FIcER L, 2 ToBESS [EREBR TR DO HMEM/E LI, KT
PVE — I CTORRIE L SO 72 MEABIEE Ay ba X —% 2B L, BmENRERC X 2 ERER B % 47
). RN F—FITORBGTARZ MVOREEENEZE L, FiE77 v 7 k- (PBH) DZ&EES, AT
R THEZRE (—RE) &35 TOMBRELHEEST L. N TIZBHGO 2 WEWE (KA
T L) OEBFEREZELT, THICBIA2WE/ KWE ORI E ML S 5. BESS A HLEAERSLNT
E72Bt, N U L EOFHM RO R HE & kbt L, KEISEIOZ LI ) FHBREOZER, ZOEMK
2 RIS BI L, FHMOEE, MEERICET 25887 — 5 23tt3 5 [1-8].
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1 FEHERHNF, ROEOLR

iR ER (JET) OFIRFEERIC X 2 EFEAT BESS-TeV £ (@Ft. Sumner) (2 X o THEAFE S 7z, FRIMEREIC
&, IEERE — A X AR TR ESREZOMENEERBRC KGR E S AT LTI NI A TOT AT T4 b
(@FHWF) 2SEMS N7z, SERIEREICIE, G727 =)V 754 b (@NASA/NSBF, Ft. Sumner) 735 &
Nopeediz, BMEHA 77— 3y (@NASA/GSFC) 25Blg S 7z, SERI64FEBE 8 HICiE, BlllZR1 >~
77 L= 3 r5E T (@NASA/GSFC) L, Wik & bE iR (@NASA/NSBF, Palestine) % % T il 45 O #Efif 75
otz 12FII3RHFERII 7 5 4+ (@NSF/NASA, Antarctica McMurdo Station) ASFEBL L 72, SFR1T4EEE 2]
FEERRSRERDRL LB, MESFE -2 2 HWTHEROMRBREEZ B 22 ) L &b, T—F e 4§
O, BUIKERZG7.

3. BESS-Polar B{ZEXNXY hOX — 2D

BESS—Polar 58 T3, T 4 ) F —FHBE I F N DORE € &0, B TORMMMRMNEEZMH23 720
Pz \OBREANRY bax =y PRI, v TV %Lwﬁﬁﬂﬁ%Aiﬁ%LOO,MET%&ﬁ
O AN EF—-DTRZ100MeV I2F TTIF 572012, WESRNOWEROBEN ZEIRE, Hizk b)) F—
BEEH Nz &7z, F72, MBTORKITSE LIFISHID T 5 720 ICREEOBMAK X RiE L 2o 72,
F 1|2 BESS—Polar A7 O A =S DEENT A —F %, ZNFEFTHOBESS LD E L HIT/RT. K21
BESS-Polar |l % #3 O Wi [X % 7~ 3°. BESS—Polar % #5 (EHAMREY L /) 4 F~¥ 7 % v b (MAG), 2D
FY 7 b Fx o= 57% 5 RiMkitZ JET/IDC), K TORITHEMEzHETS Yy FL—aray
¥ —Fk FAa—7 (TOF), KT#iolzons )7l vFoLbrya7hv 45— (ACC), BIrEY L
J A RORTHTFEIZH AR E L7z Middle-TOF (MTOF) %1 7 v % — bR s 5.

MTOF %17 ¥4 —% TMIO TOF /17 > 4 — LRI D) A= A7 JTHAAL Z LICX D #REY L/ 4
Fa AV TEOWE R EETE 2V L) BT AV F—FHBOR T IS LTH YT —EEEZ RO LT
&5, FEMBOERICHIET 5 720M0AN) 7 LD HEEZER L, BHOMGIEITNE 4R % KB
BMICL2EBIFEC AT L L L, £72, REFERRIITP O IET/IDC O AREHEEZ RO /20, TAT7H8 -V AT 4
R L, HHICHER) L DTEL COT AR L7, WHEXRRL, REEZERT 5720, SMIED

% L )R TOF, ACCE#BERMTOEEL Lz, TNSDWRICE - T, BESS-Polar &£ 13 BH O b
W= BT B OV E KT OEEYE A< 5 glem* N EREAIZHA L, 0.1GeV F TOMKLT b F —FaI
TOBH, HEEIOH B ORIMERI TR L 725 72,
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1) @S~ sk y b BEEI A VAR, HARTH7 +— 7 20X TSN, 27944 A% v b
(BB ZEReR) &0V AT ADRE CRE S N7z, E&0.9m, £31.4m, I 4 )VE X3.4mm O HRWIBIz
%34wféb W ERhr oA 7WEE (BE) 31gem?l2E T, KELTWS (M3). BEBEILS N2/

EWEORBEL 25 EM It (BAEHRZANVF - a4 VEEODL) I2BWT, FERPOEEL.05T £ TO
mﬂ M=~10kl/kg Z3ER L7z, T34 VEIGHNT 2WEEZ2R S (77448 v ) LHlAEbE
7o a ‘E AV THOYEE L T2.3g/em® %K L7z, EWE 774 bOEE 2 51K~ Y 7 2 0FaE, 11.5H
TR L7z [9—13].

2) POLRERME L #F (JET/IDC) : BESS-Polar KL T-REFIL 22 D BISE L, TeV SIROFHAMA R + 7 A%
FB% [BESS—TeV | &l L Cid N7z, FIET F = v N— (M4) BZEFOHERALZLF ¥ 2 VDK TO b
TV I BHTIN2UN B8R A ¥ PANEREHEEINT, EHRERHESRREOM EF o, FoETITE, MY —
BWREB LU, z HFIAN—=THEEEZ AT ALV R 7 8 F 228 (IDC) 3% 4 2B FORE SN TVWE. £
W7 74 MCBIF DA AMBELZ RO, EMOMELZ#HKETL L EHZ, A (CO.) 7H—Y AT LHH

#F1 BESS-Polar A7 hAX —2DEE/NT A — 25 LV BESS & D

BESS-2000 BESS-Polar (%71l
Geometrical Acceptance 0.3m’ - sr 0.3m’ - sr
Material for trigger 18g/cm® < 5 glem®
Magnetic field 1T 0.8T
Weight 2. 3tons 1. 95tons
Power source Batteries Solar Cell w/batteries backup
Power consumption 900W 600W
Cryogen life 5. bdays 11days
MDR 200GV 240GV
P-bar energy range 0.18~4.2GeV 0.1~ 4 GeV
R0 7E 25 I i B2
* = d

2 BESS-Polar 27 b0 4 — 2 KiEX
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X3 BEEICILEE X4 JET/IDCH#AILT

TZBZ ENz. FRIAEED D F 5 TORIKEBRIZBWTH IET F x ¥ N =258 0 1CE)E L 2250 i e
ELT150um ZEW L7z, 20k, 707 v TEHEOBM Y — IV AL s, 10HEICbz0 F A%
BT a7-00HA 70— AT A MENT.

3) MATHERI# 7 >~ % — (TOF, MTOF) : R T-#iies ETFICEE S 2 RATHER A 7 » 4 — (TOF) 1%, WH
wORBEF L7290, TIAF v 73y FL—FDESE{ERDL /2 L% 510mm & L, 10em F% 5L,
R RNRAT—7& L7z, YEREMGE % KEK ONERR E — A% W CHEM L, FERSf#iE120ps ~0 FLaiE L %15 7-.
INERIZFERAI Y vy =R FRa—7 (X5) OFEIED SN F5HA M LIITMEsdn - 2 v va
REOLETHEELMEHL, BEERECOMHOO, BESRTIIBER Yy 71 v 7B L7z, A7 ba X —
ZhEERICEE S A R TOF 717 » % (MTOF) (&, EE5mm DA MN) v TR v FL—F &K FNAa—-7
LT JETOBETIKREL TS, BEE2RWIAL 2T 77 AT, Y VF 7/ — FRETHMES
(MA-PMT) TE O TEIFTIS FR LA L7z, RS REIZ500ps 25HIFE 2 5. MTOF I3 FH#ANE D -
ANVF—HFHO FR%0.1GeV £ TIET (72008 %> Tnh,

4) 27T NF 2L AT HT T E = 14.2GeV ETOET /I 2 — kT & B fORT-7k5 & BIFE AT 72
OIEERL 20V ) A7y 2V F oLy a7k ERA L. CRETORBTHRILLZT v ¥Y T
NCHTEV 2=V EMAL TR, =07 —FHEELHMAL T RN EHHBLTw5 (7). KEK-PS
MEZCBIT B = AT A ML o THARMRI R S Nz, F5aat LHEET-H %513 TOF & [k, =
ZREREOGIL E LT, [ER WY A TR S .

5) TV 7 b= AB LT — ¥ WIS AT L BESS-Polar EEH T, RIEKL L TOEROEHRE & b1,
BHOEHKDPIEF IR LRKOONE., 2070, TL7 b7 ATRTOREPRE SN, EEEDOERE
WELBEIMEAE SN, &R0 70 =5 A7 750 %8 IIRT. BEBNELTHRDL /2T ER
BHA20W FER LT, Ay —nT70 s by R Ly hu= s A, 7 — & UE ISR EZERE ol
& %2720, (REIC X B MEE IR L L2 BGEE A rb i, B2 MBI —20~ +40°C O BRBEIR EE o i A
TYREREERBR A S Nz, 7 — ZRAFEICIE, 128 D300GB N— K714 A 7 SR &, BEEOERL T — APIZED
Bans [14—17].

6) KIBHEEVATL - HHBTOFE 7514 ML, WESRZEE S5 70 BRBICh 5 %E L2 3EE
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EERFH L, SRR R B8, EAMIZY AT L0908y ¥ 7 CREBEN SV E L, $2IFFHEL
T, VI AB/ABHNICEE L, HEIWICHESND#ENE Lz, 5T6 L, 720, PHDHNO KBS
BAFILICOMIBTE S L), FEPLz. 70 by A 7HBREL, 727 RkEr, BEEREREL ST -7,
FLBHNOZELEIT R H 720D, DC-DC I ¥ /)3=F 2DV, FICHGET COEEEZ SHICBWHET B
ol TNVAT—=LT0 by AT e FEFEN, ZEEREEREMPTIC BV TR ER L, HfEE) otk
R L7 (M9)., COREBEL LIZ, 772V T7 T4 FEFVERTERDBRE SN [18—21].

7) 77 =ANTIA LI ARY baRX =5 QEBEERGE R LHBRE~Y 7 2y b, V=F%%), BIW
T = IE, BEROKRET 7 =7V 7 74 FHNASA/NSBF (@Ft. Sumner, New Mexico) (2B T, 154
10 I2E S 7z (010). BHABEINRERRA & L TRk & % 2 Bl RS o s RIF I+ 5 L &b
(2, BREfA, VY — 780V OREERE, BHRET TOMEL O@BEROIER ZEESHR I N, $725K
EDINT 2 — ML AEHIED, V=51 AVD2 Ty v 2Bl RbMRT L e TE L [22].

8) B A v T/ V—vay T/ =2ANV754 VO EZ, THEBNEEE LTS VT 7L -3
U5, NASA I¥ — FEFHRITL Y5 — (XU =T FH) ZBWTHREF—2DH L > THlED S 7z,
SERISFEIOR V10 A% L, 8ALA, 1727 Lb—2aryHPET L, &Y AT APELO L, THRARIC
HEE SNz (M11) . F0fk, ARZ bE X — 13 NASA E VRS ERBUAEZ% (NSBF . 7 3% A ML X5«
V) B Esh, iR TEE AL LT, AETL LIPEE, EhlEE L0 [Was bl [CAEL, Hik
5T L7z [23].
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52 NERR, 18:56) ICEfi~v sy v — FEMEL DY AT L7 4=V FX Y, KMBHIGERIC X 55845
WAGB(EE AR 7 PO X — 5 OFBEEEHENOFT S EIFICEI L (112, 13), # 3 B#%ICIE, BE3Tkm
WEL, DS HITHMICH » TR LZARIRIT i) 72, A4 kb4 x>y vy vay (71401
=) RPFAHI R, HIEOFHMA N POBINCHRII L7z (24, 25]. [XM14, 151CKERRIAMBR B &
URMEE LR, [ESMCLY, $UlE MR L2 —2 X0 bBmM (EEER) ICAVRAZD, Bl
W OZ eI RBRE L, VE— MF v » 7L AIEECEARER S N5 0 AMDKER ICEH, BT %
Zeblot., ZOMRERE, BUNREIZEE LZI0HBIC O_ETEL o7, EHa~ Y FICL ) RERPHY)
DEESNZZHERENT P2 — ML DEBETL, v 7 ~— FIEM XY H870km FH O 1T AMIK FIZZ a1
L7, SHEZEBZAEHON, BmE~ 74y bBLOKAELHIITIZIEFICEEL 7245, TOF 7 v 5 —
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CENTE, MPMEEOMT K16, 17107RT . F2HE—NEBEARSERRAERO F L O£ 2 ITRT.

5. BRBEER
20044F |2 E i X 7117 BESS—PolarT FEEETIX, TN F CTCOMMT, LUFIBR~<2 Bl R %57,
FH B T R O % 8 : BESS—Polar FZER T, 1GeV LT OFHBEFE LAY NV OEHEBHASE D

EELHWNTH 7. ZTNFTOBESS EBROWERPSLWS NI R o ZRFE2FWTETH2GeV ICE—7
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16 &, EURFERICERY) »H 5B 17 £ TOFRFEFR S LAY
# 2 BESS-Polar | BRI RIRAFEGBRAERDE

6 R 20044E12H 13018 1 56 (FHik )
% 20044E12H22H11 : 56 (HHuEFR)
ML/ TR KA | 37k 4 g/em’

eI ] 257 (8 H17HEH)

FEH HAEI A 9fEA x> b

Ty 2.17 /54 b

BINERE R R | 420W

B SR E = 1.95ton

WE S N2 FHMA X P OIICIE, 1EDEZE L 72, TOF BB THEEOMBEIC L > R[22 /3
AL, BLlER A2 572 (8.5H) 0D, 9ROBIIA X T (2. ldtera-bytes) D %2225, F 3552000
DIz it L7z £, K&RTEETOME = AL F—0.1~1.28GeV OFEPHT43214 X >+ O JLBG Tt 1
EERUEICL o THEST A Z LIl L7z [26, 27]. B4 XY FOo—Hfl%, MI8IZ/RT. KD BESS E
1774 T =508 ABEORKEI L 2D, HEMSESRIEN 2 EL, MTOF & flW/zf@fric k> T, =4
WF—=ZARZ PIVHEHIPHZ0.1GeV £ TIAT A Z LTy L7z, FIBIZHIE S N7z fmF 1 N> k&, K19
BESS—Polar 5k IC & o T O N KT AT MVvART (28] . 72, AR O K EEB/NMI (BESS95+97)
OEGIE, PIEFHE & O & 2012779, BESS—Polar (281 A2 BIHMEIX, ZOKGIEEIZHRHZZE L2k
BIRET IV E L CEAL, RIET T v 7 R —VEO—JGRIE O JBE I BHHl S LT vy, BESS—Polar 1 1
KEAGE) DIER 2> S B/ NINOBENTH ), —KEFEG T HFEL TS, ZREFERG A7 FVIZER
HLNLVTHDH, —RKEEICEBESIEEFEOL DX ) b KE CRBADEEL T, L LT KRR
BADARZ T LEONTLE) TEHEZONLNLTH L. L ) WMERRERE, SROEHE, Kk
PGB/ NI B 2 FHB G FE L T2 2 L I2L > TIRONS.

M-I OB © BESS EERTIE, KFGFOBllE & b2, BFREOBIHZMkEL, THapHEEo L L %
LT, N7 LAREOBERE T — & 232 L T &7z, BESS-Polar I EERIZ BV THE LN RV F— T
ANRY P ZNETOBMEE DR E LCH2UIRT [29, 30]. KBARBIZMRZ LRI EICHZD, Rk
BB L, HERET IV EOBGEEEZ T > TV b, KEpfEBPE» i3 520004 £ T, Force Field Model 12 &
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B/ Bt L OKBAGEE O EARIR - SO DT, B ORBAFE OIS B2 5, KB HH)
BB 5 EMEAAEE, BENE T —7 (KT /i) (& o TRz fkfe L T\ 5. X123

() 12, BESS-95 %% BESS-Polar 1 T, KEiGEiO-FRMLL EI2b725, Kb/ T i OB R IR
. F£72, KBEROR) 7 V2TV LFHUSINLEHR AL ORELRY. FUV T FETVIIBWT, K
LMD LB AT 5 £ HHCS (helipspheric current sheet) D KTAS (o) TH Y KAEHIZZFNZFN o
=15"° ~45" TOHFGMHETH S, RERICLVEOSNEREDLSE « ~20° PRVEIEZRETEY, 2o
I ZFNENGGT, KT, F 72057 72 th325% Wilcox Solar Observatory IZ L 28I & b FFELTBHT, FU 7
NETFNOZYHEDHEES 7z [28]. K22 (F) 1T AV F—0.7GeV (2B 5 KW T/ B 7 O KB G B 2
FAEZODOR) 7 PETIVEELOREE L TRLTWA, KEIEEIME AN BT 5 KBRS S,
KBt/ Tl D& b %, BESS ERRSHEZ, D%, 2002, 20044F121%, BERPIZELL T kT %
B L#ely T %, BESS FBuid, ZOBIEZMHETE 21— 7 2FERTH 5.

B 5 - BESS—Polar EEilL, BT, P METOABAKE L TR Bz KWEK TH 5 KA 7 L OH
HrMEHEL, 794 MERORSEZFEHL, N v AREOESKETBIN LT o 72, ZOME, T E TOD BESS
FEEIC BT BHEHE R, ~14GV OEKT, KAV 7 A/ AN 7 4 FRRE2. 7X10 72572 (M23) . i,

BESS EEaLIFT O 7 — # 123 LT, #1000 1 T, FREZI L FIF5ME2ER L7z (31, 32].

6. SROEE

ARFFENSIMIF I & LT, KFiEEimNg] (20074F) (ZRIfE % 2 J& 019 2 Rk RERRIIC X - T20H ML
OB Z Bie$ [8, 33, 34]. BESS-Polar 2004 EEROKERZ X 2, BIREDOT v 77 L — F&e#EH Tw
b, EoYURMIIDTOMY) Ths (£3, M2AZH).

T Ay MEARANY) T LR HE5R N O AR AR L & XD BEI H B o & 14 5 .

TOF LB T HMEEEF TGS s EBAERG () Y ¥—) ML, [EEEEomE2E5. =
D LWL o TERROBIHZRDOT 72T 5 A ZTERT 5.
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Observation for the celestial sub—MeV and MeV gamma rays
by Electron Tracking Compton Camera
By

Toru Tanimori, Hidetoshi Kubo, Kentaro Miuchi, Shigeto Kabuki, Atsushi Takada,
Yoko Okada, Hironobu Nishimura, Kaori Hattori, Kazuki Ueno

Abstract:We developed the Electron Tracking Compton Camera (ETCC) with reconstructing the 3—-D
tracks of the recoil electron in Compton process for both sub-MeV and MeV gamma rays. By measuring
both the directions and energies of a scattered gamma ray and a recoil electron, the direction of the inci-
dent gamma ray is determined for each individual photon. Also, a residual measured angle between the
recoil electron and scattered gamma ray is powerful for the kinematical background—rejection. In order
to test the performance of the ETCC for the observation of celestial sub—-MeV gamma rays by the bal-
loon—borne experiment, we have constructed the ETCC consisting of the 10 cm cubic Time Projection
Chamber (.« =TPC) for 3-D electron tracking and the 6x6x13 mm® GSO crystal pixel arrays surround-
ing the p —TPC for detecting scattered gamma rays, and also made the balloon—borne instrument to op-
erate the ETCC. This instrument was launched on 1st September, 2006 from Sanriku Balloon Center,

and flown during 7 hours. We obtained about 4 hours observation time at the altitude of 32~35 km.

Keywords ; MeV Gamma-ray Astronomy, Compton Gamma-ray Camera, Micro pixel Gas Chamber
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BRI & | CHLA B, SEKMH Sub-MeV 7 > < #ETHI2E (& SMILE % Soi S ¥ 72, 2006
FE9H1H, ZFERAIRBUNA LY BEkEn, 7TREORITOR, EHFICEINS . Bl
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1. Bm

IAE, GeV B LU TeV 7 ¥ R AR 7 a0k 2 381V F, 10mCrab LN & 7213 W] % D R EE DS R B4R T
BENnLH)ELTwDE, Lo L, 1~30MeV DFIFIE COMPTEL I & % @Il A CHBFHIS & b 1M7L Lz A
AL Sub-MeV #HIH (0.1~ 1 MeV) TREERFAZDDOPITbIR TRV, ZOFHBIIL  OREHD S D
SR SN LD S, EHMBERAIERZZ30EE L s R S TwZwvy, T1Ud sub-MeV, MeV FIHIZH
MeWETFEPHE SN TV RNEOTH ), FHYHTIEL 2 WREHERTH L. LirL, 2oL
F—HE, BOTLEE, 77 v 7 k=), AGN ORGH#FE, FIEIS 54 2% EFH W » S FHm I £ 72
W5 ERELRMENRL VHEIBTH Y, GeVHB TR SN TS, F270M L D% { OREKD 5 O Ih 25 &
N5, EEEE sub-MeV 35 X U"MeV 7 > Vil & 39 51218, KIZAKRA THL T ¥ <8O I DB EE DK
FECHEWRETHOMERERNOE A A=V YV FRBIZL DEREEVPLETH L. Kald, LTITERS
£ 7%0.1~20MeV & <D 3 ¥ 7 b VLS £ 2 BELE T OREF & 3 KOUHE T & 2808 9 2 7 BT
v <# 75 2 F (Electron Tracking Compton Camera : ETCC) % BZ L, FRAICITHETZICHEE L0, 1~20MeV FHIK
T COMPTEL @107 ® 1 (10mCrab) DEE TERFEAZITV oWV EZZ TWAH. A%ERIL, ZoOFEED 7O b
¥4 T2 HNT, 6 REHAEEE OKIRBUN 247V, I > O HlE & FHMOEENOZENE B & 0%
EOVERERH 2179 & 12, BB PoRBEREE 70 by 4 7o50f L Lok 2 fFo%E) ©H
W7z R SERBUINC X % sub-MeV, MeV 7~ ~#BLAIOFH B K O BT — & TG 2 HIR 3. AL, Sub-
MeV gamma-ray Imaging Loaded—on—balloon Experiment DL F- % LD, SMILE & § 5.
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T, AT ORISR TE 1 4 XY MEICRETE BRI OBBIIEI Lz, CoBmtgiznNy 275
Y FBRERISEVOIC, HEkE ) EEREYERTE L. PFRITHEEE T T2, MIHEBICAS LT v~
MBay T UEREL L 2B O KEKE T O 3 RILH A E AV F — & % T 5 10cm f Time  Projection  Chamber
(TPC) BLUWELY v ~HOMBE L AN F—ZWET LS FL—F - ¥ 72N T LA ZlAEDELT
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D, 30cm f 71 A T2 X BAFKFEERZAT ) WIS, KENOFHBELEEDO BRI EOBREHE OWE & FHiL
BT o < OME, kI EOSIKEREE T COMEREE 2 HRLLE S L L L7z, 20720, Eizho
/NEIOcm f4 71 A T % N— RN L72/NEV V<ol A T & G 7o RERER & PSR AT, FHMB L O
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v a v T3, ®E35km, 6FFHEOBUT, FHAILH - KAV > <#tid, 0.1~1.0MeV IZBWT, #2007 + b
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