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Abstract

Cute-1.74APDII is a small satellite developed by students at Tokyo Institute of Tech-
nology and launched with an Indian Polar Satellite Launch Vehicle on April 28, 2008.
Cute-1.7+APDII has two science missions which verify the performance of APDs in orbit
and observe distributions of low energy charged particles below 30 keV. We succeeded
these mission, and obtained eight data sets of the charged particle distributions at six
energy ranges. In this research, I compiled these results and compared with simulations,
which appeared to be consistent with each other. In addition, I obtained time variations
in count rates in aurora zones.

We are now developing the next satellite named TSUBAME. TSUBAME is also an
university-built small satellite mission to measure polarization of hard X-ray photons
(30-100 keV) from gamma-ray bursts and the other high energy objects using azimuthal
angle anisotropy of Compton-scattered photons. Polarimetry in the hard X-ray and soft
gamma-ray band should play a crucial role in the understanding of high energy emission
mechanisms and the distribution of magnetic fields and radiation fields. TSUBAME
has two instruments: Wide-field Burst Monitors (WBMs), the Hard X-ray Compton
Polarimeters (HXCP) WBM detects a burst and determines on-board the direction to
the burst occurrence. The spacecraft is then slewed to the GRB in 15 seconds from the
trigger using Control Momentum Gyros, a high speed attitude control devices. HXCP
will measure the polarized X-ray photons from the GRB while the spacecraft is slowly
spinning around the bore sight. I estimated the number of GRBs to be detected by the
WBM, and accuracies of the GRB localization. Besides, I simulated the GRB events using
GEANT4 simulator for estimating effect by changing the geometry of HXCP scintillators,
I also measured the performance of Multi-Anode Photo-multiplier Tube newly developed
by Hamamatsu Photonics to endure the vibration of HII-A rocket and to improve the
sensitivity. Further I developed an analog circuit to control an APD gain and obtained

spectra which does not depend on the temperature.
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00001000000000000000000 9BytedOOOAPDOO RequestAll
0000 (0x51) 0000000 CommH8D 7Byte 0000000000007 Byte
00000000 (0x03)0 Status Code(1 Byte)d OO0 (1 Byte)dHV O (1 Byte)d [
00000 (3Byte) 000000 7Byte1 0000000000000 2ByteddO0
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FRAMODOODOOOOOOODOODOUODODOOOOOOORequestAlDOOOODOO
O7ByteDOFMUODODOODDODODOOOOOOOODO

Cute-1.7+APDI O ODOODO 8 kByteO FRAMOODODOODOODOODOOOOODODO
000000300 APDOOODOODOODOOODOOODOODOOOFRAMODOODO
0000000 CommHSOOOOOODOODOOOO2Byte00000O0OOOODODOODO
0000000000000 00O0O000000O0O (0 26)000000000O0ODODOO
O0O00b00O0o0oOoobDox2000000000000000000DO0O0OCCute-1.7+APDI
[000o0boobobzobd1~30000000000000000O00ODODODOO
obooobooboobobb 1200000000000 DODLODDOODODTDOODO0ODO
OooApDOOODOOOOODOOO¢tODOOOOOOOOOOODOOOOODO MO
02200000000

9 [Byte] x f[z] _ M [Byte] (2.2)

000 220 M =8192 x 3 [Byte] 000000000 O0O0OTOOOODO¢tOOOOO
T=230t0pooboobodgooooobboooobbobrooooobtooogn
gbooooboobboobodbbobbogilestdbbooobobbOO 43680 s =
12h8mI000000032s000000000000 87360s=24h16mO000
OoOoooOOoOoooooboApDOOOOONDOOODOOODODODOOOODOO

Memory Address (2 Byte)

No. 1 0x00, 0x00 - 0x1F, OxFF
No. 2 0x20, 0x00 - 0x3F, OxFF
No. 3 0x40, 0x00 - 0x5F, OxFF
No. 4 0x60, 0x00 - 0x7F, OxFF

0 26: 00 CommHSOOO APDOODOOO FRAMOOODOOOOOOOAPDOO 4
Ob0Oob0bOO0bO0O0ONo. 2,3, 400000000000000000O0

Cute-1.74+APDI O APDOODODOOOOOODOODOOOODOODOOO CommHSO OO
OOoO00O00O0cApPDODOODOOODOODDOODOODOODOOODOODOORVO
gbbbuooggbbbuoooobbbuoooobboobouoon
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Status Code

Status Code 0 APDOODODOOOOO0DOOOOODOOOOOOOOODOOOO APD
O0O000C00000DO0OO00b0O00O00Status CodeD APDOODOOODOOOOOOO
OO0O00O0O00O0000O0O0DOoAPDOOOOOO I BytebODOOOOOOOODOO
Status Code 00 OO0 27000000 4bit0 00O OO Data ModeDHVO O OO O
OO0O000000O00000DO00DDbOO4bitD APDODOODODOODOD GainOOO
gbbbuoooobbbooobbobbbuoooobbboooobbbooad

O 2.7: Status Code O

bit OO HEN

0 ggoooo 00 = 219 mV 01 = 633 mV

1 ggoooo 10 = 2080 mV 11 = 2095 mV [Default]
2 APD Gain [30/50]* 0 = Gain30 [Default] 1 = Gain50

3 00000 [A/B]  0=A [Default] 1=B8

4 Data Mode 0 =ON 1 = OFF

5 0000 0 = OFF [Default] 1 =ON

6 Hvoooo 0 =0K 1 =NG

7 goon 0 =0K 1 =NG

“APD Gain: APDOODOOCOOODOOOO
HSOOOOOOOOODODODODOOO HVOOOOOOOD APDOOOOOOO 30050000000
oooooo

*Data Mode: 0x51 0000 (Request All) 00000000
oooooO0100000000000000000

c000d0d: ApPDOCOOOOHVOOOOOOOOO
gboooboooobob iooboobobooobobooo

HVO0000: HVOOODODDOOO0O0000000ooooooon
OO00o0ooOo0HVOOODOOOOODOOOHVODOOOODOO 10bitdoooooooo

c000dOd:. ApPDOOOOOOO
gooobooboooogol
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goobooo

O00001ByteDOOOOODOOODO ADOODDOOOOODOOOOODDOO
OO0O0O0OoooooADCOOOOOO0DDOOODODOOOOnOADS OO HSADCOO
00000000000000000000000 1bhit(0.3°C)000000O0O0O0OO
oboooO N 0000000000 23000000

Nr
T = 91.71 x — — 48. ° 2.
91.7 ><255 8.57 [°C] (2.3)

Hvooo

HVODO 1ByteOOOOOOOODOOODODOOODODOOODODOOOODOOAEVODOODO
OooooHvVOOOODOOOOoDOOOODOOOOoDOoOOoOoDoOooDoOo be-bcoO
00000000000000000000000O0000O0000.1% 0000000
oboboobO NyOD HVODOOD 24000000

Nv
HV = DX — 24
V = 396.5 x HEE V] (2.4)

goobooo

APDOO RequestAl OO O ODOOODOOODOAPDO H8O O StatusD 0 O O HVO O
OO0000oo0 CommHSOODOOOOOOOO0OOOOOOODODOHEHSODOODOODO
OOO036ebit0 000000000000 000 CommHSOOODOOOOODOODOO 3
Byte (24 bit) D0 DO O0O00OCute-1.72000000000000000000O0DOOO0O
gboobuodgbbodboooboobbuooboboobbuoobbooboboon
OO00b00bO0b000nD 1Byte DO 2Byted 0000000 OO0OO0OOODOODOO
gbbogobboobuooobbognesd3scounts 0O ODOOOODODOOOOO0O
6535 0 buggnuunbuoobooobbuogbboobuoooboogbn
gboogbboobuodgboobboobuoobbbogboobboobuooboon
leouggilobouooooboboog 250000000000

N = (0000 x 256 + 0000) x 297 [counts] (2.5)
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030 Cute-1.7+APDII APDI[]
Joooobobod

OO0000APDOOOODDOOOODDOOOO Cute-1.7+APDI O O O Reverse type
ApPDODO0OODODOODOODOODOODODOODOOOOOODOON0keVOO 30 keV O
0000000000000 000bOoDe0kmOD00O0D0OOO0O0ODOOAPDOODOO
ApDO0O0ODODDOOOOOOOOOD (>9keV)ODDOOOODOOOODODODODODOOO
0000000000000 DoDO0Ddooooooooooooooooog

gobooo

Oo0O00O0O00DbOOoOoAPDOOOODOOUOOOOODOOOOOOOUODOODOOO
gbogobuogbbooboouobbogboooboobobaobbooboon
O0O000OO0O0O0O0AOBOOOOO APDODOOOODOOOODOODODOOODODOO
gboodgbolizoggbougboobboduugbbbobobogboooboboon
gbobogobogugbbogbbooboooboobboobboobooboon
OO0D000D0O00000o0o0bOoOooboOodCute-l.7+APDIODODOOODOOO APDODO
Reverse type U0 DO O0D0O0ODOOO0ODO0ODOOODOODO ~10pmm 000000000 APD
gboogbobodgbogbbogbobbooboobobbodgboobobooboon
0000 (0 2800000000000 000OO0O000OoOOOOo0DOOoOoOoODOO
goobouoogon

gboooogn

godddddooooooooobooooooooooooooooouogo
goddogbooooboobbbobobobbbooob1lioog 2000000000
ObobobOobobobboboobo0oboobo0obuo0obo0obUudobUdOReverse
type APDOODOOODOODOOODOOOOOODOOOOODOODODOOODOOOOD
Dbooobobobobbodb okeVobooboobooboobbooboobo

35



OO0D000APDO40keVOOODOOOOODOOODOOODOODODODOOD 44keVO 86
keVOOOoOUooooobooobobooobooobooobooboobo
OO000D0OCute-1.7+APDIO APDOODOOOOODOODOODOODOOOO

3.1 ApPDhDU0U0000ddOoOooooog

ApPDODO0OO0OO0OODOODOODOODOOLOOUODOODODODODOOODODODOODODODLO
OO0000O0DbO0bO0obOobOo0obO0obOOobD 2000000000 APDOODODOD
goboboooobbboooobbooobobbooobbooooboboooboobooboo
gooooobobbbbbbbbbbbbddddodoooooooooooooo
%0000000000000000000D0D0OO0O0000OODDOOOOOOOOOO
oboboboobooboobgoobo 310000

25

20

15

10

Temperature [Degree]

5 L 1 1 1 1 1 1 1
hY) 5000 10000 15000 20000 25000 30000 35000 40000

Time [s]
High Voltage
330

325

Voltage [V]

320

315

310

305

i i i i i i i i
0 5000 10000 15000 20000 25000 30000 35000 40000
Time [s]

0 3.1: 08090 100 1200000000000 000DO0O0L0OO0ObLOOOO0On
gboboboogobbboobbboggbbboooboboooboobobuoooboboboo

0310002008090 10000000000 APDODOOOOO (DODO)OODODO
000000 HVOOOO (D0O0)00oooooooooooooooooooooo
ooobdbobobooboooboooboboboepvVboboobDoobooboboboboo
OHVOODOOODODooboboooobobooobobo saboboooboboooboboo

36



OO0DOO000O0obOobobOg heCcoOOOobobobOoboobboobooowvVOoOOOD
OO00O00O0o0obO0ob0oboboooobobooTr=0°CObbOObOO APDODODO MO
00000000 310000000 [7)0

%%{ ~ 20 %/°C (3.1)

O00O0O0O0D0OO0OO01°CO00oooos3s0c%uonooooooooooooooo
00000 32000000000000000000000000000000 Cute-
1.7+APDIO0OOOOO0OO0OOO0OO0OOOOLO0OOLDOOU0O0OOO0OOOLOOOn
Oo0o00oobooooooobobooooooboboooooooooog 320000000
0000000000000 000 0000000000 0oooooooooOoOooAPD

gbobobuooggbbbuogoobobbooogobbobuoooobobbooooobooo

I14
12

—10

—8
l6
4

[6ap] ainresadwa )

e

T N N -

| | IR RN RS PRI R
150

;

P ! L ! ! L
-150 -100 -50 0 50 100

03200000 APDOOOOCOCute-1.7+APDIOOOO0O0O0O0O0O0O0O0OOOOO
gogbbobobobobobbbbbbbbtbdddooiooooooooooonbn
gbobobuoooobbbuooboonobboooobob
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3.2 UOOotobooooogdn

Cute-1.7+APDIOOOOOOO 700 1200000100 240000000000
ob1200000002000000000007000000000D0O0O0DOODOAO
OOobDO0obOob0bOo0oooo0obooooooooooobD ApbOOOOOONDO
O0O000000C00OAPDODO Battery LowOD OO O0O0OOOO0O0OOOOOOODOOOO
OFFO0D00D00Db0ObOOOOOOUObOObOObOOobDOobDOobDOobDObObObOobOO
gbogbbobodgbuoobbodbbbooboobbooboobbooboon
gbbbuoooobbboodgbbbuooooooobbbooo 310boboao

oo 000000 (JST) oDoooog (JST) Dooooono (keV)
ot 210 19:46 0 07:39 15.4
60 110 08:59 20:06 9.2
90 10 08:58 20:01 85.9
100 120 21:33 0 09:28 9.2
00 170 21:33 0 09:11 85.9
120 20 21:29 0 09:25 44.5
120 70 19:50 0 07:51 26.1
120 16 0 20:57 0 20:54 15.4

031: 00000000APDOOO0O0ONONONONOOOOOOOOOOOO000000O
00 (JST)OOO0

3.2.1 0805021000000

402800000000 Cute-1.7+APDIIOOHSO00000DOOODOODOODOSO 21
00000 120000000000000005021000000 (>154keVO0OO
0)00 330000000000000000000000000O0OSAAOODODODOO
gboogobuodgboboooobobuoobbooboobobuoobobooboonbon
00000000000000000000000000000000000O00 10°
gbobooboboooboobboobobuoobobooobo20bo0boonoobooon
gbobooboboobgboobogeobbobboobooboicoboonbd 8o
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3.2.2 0806011000000

502100 120000000000060110000SAAO0O0O0DODOOOOODO
OO00000oooooob 120000000000DODOC00060 10000D0DO APDO
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39



—_
[=]
)

29s 9| /“SJ,unog

40
10*
20
0 10°
20
102
40
s0 [HiSSe 10
80 —. I fIEDJ 1‘90. Loedl 4 I ‘ IR 1 I.PDJ I IWEDL I | 1
150 100 50 0 50 100 150
2008.06/11 Threshold > 9.2 keV
- 10
B B
Z 105 ........................................................................................................................
§ [l TS E CEEN T FELCRI Y "PREPE ¥ SN EEE. B I'CPERRT BY LWRRY) § TRERR SR I RPN | '] EREE O TRRRY | Y SRR AR R FERRR K RREE AR
10° AR e Y
10? t-4-
oR Mimy ey o T LN 37
1 0 50i00 10(i)00 15Ci)00 20(;00 25(i)00 30Ci)00 35000 40(i)0_
Time [s]

034 0000000000 (0806011000 >92keV)00 000000

OAPDOODOOOOOOODOOODOOOY92keVOOOODOOOOOODOOOO
000 340000154keVOO0O0OOOOSAAOODOOOODODOOD 200000
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O 5.1: TSUBAMEOOOOQOOOODOODOODOODOODODODOODOO 270000O
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0 = arctan(éi)

¢ = arccos Cz (5.4)
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oooe, 0000000000000, 0, 00DO0O0O0O0ODOOOOODOOOO
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