





BETS: Balloon borne Electron Telescope
with Scintillating fibers
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CALET
méasrday

SQ T~1000

-3 3

E (GeV) Expected Numbar e/p

10 7.4 x 10° 120
100 3.8 x 10° 420
1,000 1.8 x 103 1,500
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Diffuse Gamma-Ray Emission from the Galactic Plane ( |b[<10 °)

Tateyama & Nishimura (27th ICRC,2001)

e W Whipple (1993)
1071 1 H: HEGRA(1995)

i : ; : 1 U-M: Utah-Michigan (1991)
C-M: CASA-MIA (1998)

E3J(cmr?sisr-iGeV?) 103 T

104 ; : é
' Detection Limit by CALET
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BRI [ Giel fomd 5 )

Expected Observation of Gamma-Rays from AGN

Gamma-rays from AGN are absorbed in the extra-galactic space mainly by the
background IR. The absorption depends on the distance of AGN.

CALET has a capability to detect the change of spectral index in 10 ~1000 GeV .
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Extra Galactic Radiation and Gamma-ray Component
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Expected Observation of Dark Matter

Line gamma-ray by annihilation of Neutralino
( Bergstrom et al., Phy.Rev. D (2001)

Gamma-Ray Energy: 78 GeV

Flux: 3x 107 /cm2 ssr ( b=-10°, 44°x 1°)
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Simulation Study on Performance of Gamma-Ray
( Preliminary)

Effective Area Geomet ical Factor
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CALET can measure proton and heavy ion

flux in the energy region exceeding 1 TeV,
in which magnet spectrometer is powerless.

For proton measurement:

Present Data

Seff ~0.5m2x 1/3 (for p) ~O.
Exposure factor for 1000 days

Change of power index duetothe
acceleration limit by shock wave ?

170m?srday~15x10"m2gsrs

Expected numbers of protons.
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Brie  rathe

B/C Energy Dependence of B/C by Leaky Box Model

S.Swordy1998 ( Corrected for CALET)
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®Observe all-particle primary spectrum ~E-27
to ~ 1015 eV.

®S/N shock models predict ~E-21

®Observe secondary/primary —E-9-6 to
~101%eV

®2.1 + 0.6 = 2.7 so no problem?

®But E0-6 cannot extend to 101° eV because of
low observed anisotropy.

®Need secondary/primary measurements at
higher energy.
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Conceptual Structureof CALET

Requirements:
LargeSizel m? s
I maging Capability ~1mm
Hadron Rejection Power ~10°

SciFi/ Lead Sampling Calorimeter:
Area: 1024 x 1024 mm?
SciFi Sheet: Imm  x 1024mm
7 layers(x &y) (0,000 fibers)
Lead Thickness 4r.l,0.13m.f.p

Total Absorption Calorimeter:

Area: 700 x 700 mm?

BGO Log: 25 x 25 x 350 mm
7Tlayers (x &y) (784 10gs)
SciFi Sheet for 3 layers

Thickness: 32r.1, 1.6 m.f.p
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Total Weight: 1760 kg
Absorber Thickness: 36r.l, ~2 m.f.p
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Configuration of Detector

. . Scintillating Fiber Belt
Imaging Calorimeter \

64-Anode PMT

Total Absorption Calorimeter

Data Processor
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Qualification Tests of Scintillating Fiber

Crosstalk: ~3.7 %

Pulse height distribution for
1 MIP in 1Imm squarefiber

Photon yield:
s ~bp.efor IMIP
EH-15l:l
]
’ Y weEsm -
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M easur ement of attenuation of signal in fiber
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SciFi Readout System by PMT/Viking Chip

200 GeV Electron Shower (CERN)

512-ch pulse height (incluind pedestal)
i

512ch Proto Type

Shower development
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SICFI Read-Out System

.1 +CCD PMT+VLSI
Detector Structure Extra space for the light guide Compact structure
Number 6 sets (5000 fibers / set) 200 PMTs
1000 Chips
Power Consumption T2W (12 W/ set) PMT: 7.5W (15mW / PMT)
Chip: 48 W (48mW / Chip)
Weight 36kg (6 kg / set) PMT: 30 kg (60g / PMT)
Chip: < 1kg
DAQ Rate =30 Hz ( 1024 x1024 pixels) > 1 KHz (Max 20Mz / 512 ~ 40 kHz)
Dynamic Rangein ~ 3000 ~1000 3000

Number of MIPs
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BGO
:' x 1/50

PbwWO4
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Right yield

BGO(Crismatic) : 323.8+ 0.8 p.e./MeV]
BGO(SICCAS):307.0+1.8pe/MeV]

PbWO, (SICCAS):7.0+£0.03pe/MeV]

ADC-distribution , BGO(SICCAS)

Csl37 0.662MeV y Co60(1.173MeV,1.333MeV y )

Peak =199.5+1.5x107?[p.e]
_|o=14.6+0.2[pe]

ADC-distribution, Isotropic muon

BGO(Crismatic)

Pesk = 8976.9+ 21.4[pe]
6=1281.3+31.2pe]

Peak = 355.5+ 0.6/ p.e]
6=19.0+05pe]
Peak = 405.8+1.0/p.e]
6 =258+0.7[pe]

PWO,(SICCAS)

Peak = 219.9+ 0.6pe]
6=322+08pe]
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Shower Images by Simulation

Gamma-ray 20 MeV Electron 10 GeV Proton 3 TeV

Gamma-ray 100M eV Electron 100 GeV

Gamma-ray 1GeV Proton 3TeV
Electron 10 TeV

Gamma-ray 10GeV
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Simulation Study on Hadron Rejection Power

Simulation Events: Isotropic Incident and Uniform Distribution on the Top
Proton Events ~10° at 10 TeV : Electron Events 1000 at 10 TeV

A E/E Fraction of Energy Deposit at the Bottom Layer (BGO14)
Rrms. Root Mean Square Latera Spread of Shwer ( Energy Weighted)

[
1 250F -
O‘ : . - :
AEE 200 Fl Only one event isnot rejected ! 7
a. 8 150¢ ¢
o =
o 100
50 5
0. 006 g
D C ""'-.::-I ' | ! ' ! | A ! '
C-oos 0 20 40 60
A E/E F Value
D, =
F=Rrms?°x A E/E
o, 00
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CALET

Attachment Payload JEM/EF Heavy

(Max. Total Weight ) (2500 kg)

Energy Range of Electrons ) ~10,000 GeV
Geometrical Factor 0.5~1.0 m?sr
Proton Rejection Power ~106 #)

Energy Resolution 9.2/ sqrt( E(10 GeV) ) %
Angular Resolution [deg.] 0.03~0.1 | deg.
Instrumental Weight 2,200 kg

2003 2 1

#) Total Rejection Power by Scifi .Cal. and BGO Cal. for the protons
at same energy with electrons
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Subsystem Mass (kg)
Detector 1760
Electronics ( + Sensors) 150
Trigger 50
Front End Processor 20
Control, Data Strage 50
Power Supply 30
System Intreface 203
(GF. PIU, Attachment)
Electronics Insterface 18
Others 69
Structure 300
Total 2500

25



Area: 5000 cm?(~1 m2sr)
Material : 36r.| ~2 m.f.p
Weight: ~ 2,200 kg

Power : <500 W

Data Rate : ~600kbps

Subsystem Unit
EPS.C&DH,TCS.etc.as required
Calorimeter QORU compatible e D Pallet
= FRGF structure
{(For JEMRMS) J

FRGF FrdSs
(For SSEMS) Wi
Star Camera ) K
{Sensor) . Pl
ﬂ%ﬂ __j'lul'l.l'lulI Contingency EVA
(Handhold) Separation Mech.)
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[EERERGE @
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Exposed Facility

_QﬂQQﬂ

Area: 5000 cm?
( 1m?sr)
Material : 36 r.l.
( 2 mfp)
Weight: 2,500 kg
Power : 500 W
Data Rate : 600kbps
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(H-1l Transfer
Vehicle:HTV)

H-II
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HTV

2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
A A
i :
B (
(2007.11)
JEM SEDA-AP(2007.6)
JEM (2006.3& 6)
ESA Columbus (2004.10)

US Core Complete (2004.1)
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13-15

10-12

14-16
14-15
13

O W

JSF

CALET

JSF
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1. CALET
2. JEM/EF
1700kg
3.
4. CALET
2010
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2.5

TeV
1-1000 TeV

CALET
HTV

AO

34



