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In-orbit demonstration of a compact high-energy electron analyzer toward in-situ
multi-point observations of planetary magnetospheres
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To realize multi-point observations necessary to %uantitatively understand
the contribution of wave-particle interactions, which is considered one of the essential mechanisms
for the acceleration and loss of high-energy electrons in the Earth"s outer radiation belt, to the
global variation of the radiation belts, we have developed a compact high-energy electron instrument
that can be installed on a nano-satellite. By applying a CdTe semiconductor detector to the
electron analyzer, we were able to develop an instrument that can measure electrons from 100 keV to
5 MeV, satisfying the severe resource constraints of nano-satellites, and we have completed its
installation on a nano-satellite developed by Kyushu Institute of Technology. The high-energy
electronic instrument passed the onboard tests without any problems, and the nano-satellite was
released into space from the International Space Station.

CdTe



MeV

CdTe
Si
Si

32,000 km

1)
100keV ~ 5MeV

MeV
CdTe
MeV
400 km
Si/CdTe

Geant4

CdTe



(2) CdTe
CdTe

®)

(4)

1)

1U
CdTe
1
Si
207Bj
2
2
2

Si
Si
rootfiles/spec12__Bi207_TP_500umSSD_No1_150V_600s.root
1000 _hist
c Entries 8186
QOOi Mean 2896
E StdDev 2084
800—
700—
600 —
500—
400— |
2 300—
2 2001 !
100 J‘
Py ol PR o ‘ | LAl
0 1000 2000 3000 4000 5000 6000 7000 8000
2 ADC channel
1 Si 207Bj
ADC channel
Geant4
1 mm

1 kg 1uU 1.1 kg



(2) CdTe
Si
Si CdTe
4 Si
0.5mm 4 CdTe
,1mm 4
976 keV 482 keV
CdTe 976 keV 482 keV
4
channel
4 CdTe

20 mm 3mm
5
207Bj

4

MeV 10%

CdTe

CdTe

600




CdTe 2 kv

2kvV
CdTe

275 spectrum [ Si PIN $14605 (9mm x 9mm x 0.5mm'] #7Bi spectrum [ Tiin/CdTe/Pt 10mm x 10mm x tmm']

3000 3000
r Transition energy: 569.702 keV C
= 2500 Transiion energy:
2500 C (K) 481.697 keV 1063.662 ke%/y
L S >
2000— 2000\ 332
[ PbK, (74keV) L NPk, (74kev) % 3 =
L Transition energy £l ]
1500/ |l|  PoK,(E5keV) 1063.662 keV 1500 | 'PbK,(@5keV)  Transition energy: 538
F / R r 569.702 keV g3 s
cil/ s 22 C "
L ! N~ 5 & L > > >
1000/ | / g 3 2 1000 R
Fl g 38 L 832
/ ° 2 = e e
clr (L) 553.841 keV g 3 &g | 288
500} ,’ " ‘ s 500 )
L (M) 565.851 keV /
L o i v/ il ) } J\
ol L LA | PYaT s e Lol LALLM
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 8500 4000
ADC channel ADC channel
4 207Bj ADC channel
Si 9 mm 0.5 mm CdTe 10mm ,1mm

®3)

2 ISS 2017 2020
L 0.2 MLT 0.2 L

(4)

27 spectrum [ Ti/ln/CdTe/Pt 20mm x 20mm x 3mm' ]

COVID-19 1000

900

- FWHM: 17 keV @ 976 keV

2022 12 1SS 70

60

S o
T 1T

=)

501

1=}
ARRANLARRN)

IS
S
=3

301

S
T
=
=_
-
=

i

200

£ W’ "M‘TAR / \ rr

100 ol l\
ol ‘W\WWW%'W"J ‘"(‘ ]
0 500 1000 1500 2000 2500 3000 3500 4000
ADC channel
5 3mm CdTe

207Bj
ADC channel



10 0 4

Iku Shinohara, Takefumi Mitani, Mariko Teramoto, Kazushi Asamura, Yumie Kawagoe, Ryota Onogi, Takeshi Takashima

High-energy Electron Observation by PINO/BIRDS5
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The latest status of a high-energy electron analyzer (PINO) onboard a CubeSat (BIRDS-5)
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Present status of the development of high-energy electron analyzer (PINO) onboard a CubeSat (BIRDS-5)
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Possible observation plans for high-energy analyzer (PINO) onboard a CubeSat (BIRDS-5)
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Educational and research activities of nanosatellite technologies at the Kyusyu Institute of Technology
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Development of a high-energy electron analyzer onboard CubeSats

Japan Geoscience Union Meeting 2021
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PINO (Particle Instrument for Nano-Satellite) onboard the BIRDS5 satellite
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Space weather missions onboard Cubesats developed by Kyutech
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