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. JAXA/ISASA B c D E F

Washington University: W. R. Binns, M. H. Israel, H. S. Krawzczynski, J. H. Buckley (ACE)
Louisiana State University: M. L. Cherry, T. G. Guzik, J. B. Isbert, J. P. Wefel (ATIC)
University of Denver : J. Ormes  USRA/NASA/GSFC: A. Moissev (GLAST)

Universita‘ di Siena and INFN gruppo collegato: P.S.Marrocchesi , P.Maestro, M.G.Bagliesi,
V.Millucci , M.Meucci , R.Cecchi, G.Bigongiari , R.Zei , S.Fiore (CREAM)

INFN, sezione di Pisa : F.Morsani Scuola Normale Superiore di Pisa: F.Ligabue
University of Florence: O.Adriani, L. Bonecci etal. (PAMELA)

Purple Mountain Observatory, Chinese Academy of Science:
Jin Chang, Weiqun Gan, Tan Lu (Lunar Mission)
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JEM: Japanese Experiment Module CALET System
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Scientific Heritage

1993-1998
® Development of SciFi/Lead Calorimeter for Electron Observation (BETS) NIM 457, 499-508 (2001)
® Successful observation of electrons in 10-100 GeV ApJ 559, 973-984 (2001)

® Observation of atmospheric gamma-ray flux with improved BETS  Phys Rev D.66 052004(1-9) (2002)

Balloon Flight BET Instrument Shower Image at CERN

1999-2003:

® Development of new detector of Antarctic Flight (PPB-BETS) for observation in 100-1000 GeV
® Observation expected in 2003 at Syowa Station

450

s i <0 i
Balloon Flight at Antarctica Trajectory ~13days PPB-BETS with solar panels
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Scientific Objectives @ET

m Detection of Nearby Electron Sources Electron : 1 GeV~10 TeV

10

- Electron Propagation in Our Galaxy

- Supernova Explosion

- Solar Modulation

- Signature of Dark Matter

m Exploration of Cosmic Gamma-Ray Sources

Diffuse Components in Our Galaxy
Electron and Proton Origin I

Supernova Remnants and Pulsar o, e | Gamma-Ray:

Active Galactic Nuclei : b 20 MeV ~ TeV

Isotropic Extragalactic Diffuse Components

- Gamma Ray Burst AT

- Solar Physics &

- Dark Matter

E Observation of Proton & Nucleus Sources *v " o & w "
(Optional)

- Supernova Shock Acceleration

- Propagation in Our Galaxy : Structure of the Galaxy
- lon Sources: FIP source or Dust grain

B New Discovery
2005 1 7
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Electron Energy Spectrum in 1 GeV ~ 10 TeV @ET

Background: p/e 100 ~ a few 103 103~105 —> Rejection Power
of 106 111
Solar Poor Statistics & Inconsistency No Observation:
Modulation - Acceleration and Propagation ~ Direct Evidence of
- Source Distribution in Space Sources, Anisotropy
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Nearby Source Candidates eET

Electron Energy Loss by

- Inverse Compton Scattering Energy Loss Rate Age 1/E "
- Synchrotron Radiation dE/dt  1/E? Distance ~ Age

Lt . : : :

Dp=210%(cms) : 1 TeV Electron Source:
Cyanus Loop | ] B Age<105years
swas ST ggs3 Geminga B Distance <1 Kkpc
g oo Vela
3 Y * Cygnus Loop
i HIRWS ] Monogem
B T - R
wormeem | 1 Unobserved ?
1_|:|I L o ..ii: il o =i
1 I 10’ 10
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Solar Physics
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1000 T unpublished
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0.006 -
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mg=1000 |
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& "“l._‘ e W LA A e e ] i 1=
T 360 } .9 0 2 600 80O 1000 1200
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£ 350
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2 a0 Cheng,Feng,Matchev, Phys.Rev.Lett (2002).
T 320t
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310 S— =

100 1000
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Gamma-Ray Observation in 20 MeV~10 TeV GLET

CALET on the ISS orbit without attitude control of the instrument:
Wide FOV ( ~45°) and Large Effective Area (~0.5 m2) in 20 MeV- 10 GeV

@® Sky coverage of 70 % for one day
® All sky coverage in 20 days

® Typical exposure factor of ~50 days for point source

Good Energy Resolution ( < a few %) over 100 GeV

® Measurement of change of power-law spectral index
® Possible detection of line gamma-rays from Neutralino annihilation

CALET all-sky exposure map (>100 MeV)

in the Galactic coordinate for one year.

Brightness indicate the amount of exposure
from 43 days, the shortest, to 52 days, the
longest.
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CALET Capability of Gamma-Ray Observation

Point Source Sensitivity
in One-Year Observation
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5 3
] =
g 10§ Iy
sl m
= i
= i e
= Wt b=
2 3]
E % )
riE % [
.E, 1072 | Coniamsannn Future experiments g ol
= f rmeemem Air shower sxpeimants ™ B
Cearenkov detectors viges -
13 L sl i
wais BEAET
— CALET
g ewne Grab Nebula
100 S o] T A S ......l1 P S
Ig 10° o' ia* it ot

Fhoton Enargy (GeV)

B.001

0.0a001

Galactic Diffuse Component

|b|<2 deg. Inner Galaxy

Emax
1000Tev

Detrection Limit by CALET

1 1

E(TeV) 1o loc

Extra-Galactic Diffuse Component

AGN Spectra Observed after Absorption by IR Backgrounds

1B33+382 (2=1.81]

ie05

1207 F

Z=1.81

ieDse b

{209 F

EEeE (e fomd =)

a0 b

214 :
1 10 100

Giamma- =y EnerguiGey)

2005 1 7

i0

3027 (=0.538)

105
_ deor b 1
;: iena b %
< Z=0.538 \ z
B qeom 13
L :

140 | 1

L q 10 100 10C

Gamma-ray Energqui Gea)

Mirkaz 4 (2=0.054)

je08 | E

hL=El-]

1207

=l 720031 | ]

{210 F 4

214 . .
1 10 100
Gamma-y Enemgyisey)

12



Line Gamma-Ray from SUSY Dark Matter

10 g1 . T
F Signal, clumpy

Gamma lines -
E=78:178GeV -
Maximal BT"_ E

-6 =em====. Background
10 = Signal, smooth
E(b)

o] -1
Flux, & [photons cm gt sr')

80 60 40 20 0 20 40 60 80
Galactic latitude, b [degrees)

SUSY (Nutralino) Dark Matter
Bergstrom et al. Phys. Rev. D (2001)
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TeV Gamma-Ray from GC ?

Whipple
[(95%)

Contours from Hooper et al. 2004

Line Gamma-Ray from SUSY DM

Meu traling annihilation gam ma-ray
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a0 | i
=0 | Energy Resolution ~2.5 %
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Simulation of Gamma-ray Performance

ALET

2005 1 7

Single Photon Ang. Resolution

(Preliminary )

Effective Area

15_ T T T
$ [ GLAST
2 ar -~ CALET LE ]
<  CALETALL
O_ Lol Lol I ol L1l AT
0.01 .10 1.00 10.00 100.00 1000.00
Gamma—ray Energy, E,(GeV)
Angle Resolution
100.00
10.00E
1.00F -
0.10F J
0,010 o oe o oy oo )
0l 102 10 10t 10°

Energy {(MaV)

10000 [

Effective Area (cm™Sr}

Energy Resolution o /E

Geometical Factor

1000

CALET 10 .|
(~ GLAST)

0.01

CG 1.00 10.0a0 100.00  10C0.C0
Gamma—ray Energy, E,(GsV)

Energy Resolution

1.000F

0.100F

0.010F

L L L L
0.10 1.00 10.00 100.00 1000.00
Gamma—rav Enerav. E_(GeV)

14



Observation of Proton and Heavy lons (Optional) ‘A{LET

Present Data
Measurements of proton and heavy - S —

ion flux in the energy region ‘ Moo
pmton :I?

exceeding 1 TeV, in which magnet
spectrometer is not capable. i ?T

For proton measurement: | Change of power index due to the
S.~0.5m2x 1/3 (for p) - acceleration limit by shock wave ? }

; 1 )]
CNiX11

,
NeMgSi{1/50)]

Exposure factor for 1000 days:
170 m2srday~1.5x10"m2ssr
Expected numbers of protons:

-
=
T

Eﬁ""dIMEn [m'zscc']s

1

Energy (TeV) Number ol _!
1 ~106 irnn(1/2500) 1
10 1.8 x 10 T Fillod symbol : RUNJOB data]
100 32 X 102 m* I--' -'I“--'l N --—l_‘ i _.5 -1 e .
1000 6 i 0 1 1 10

kinetic energy  Fo |Gevnuckeon]
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Propagation Model by B/C Ratio

S.Swordy1998 ( Corrected for CALET)

B Cral

B/C

1

Wany .. Reacceleration
I?-H:'j';'{ :
“5"A'-L|,‘¢
- I CALET
, e
Ceep.
...... Reacc shenatior E'M
— Lsaky Bow ".,.
Leaky Box Model
Ll L L Lupai P A T |
L] i © Enaar ."'31"":"“3
Energy (GeV/n)

‘AL_ET
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Electron Detection and Proton Background e’”

S N B 5
%D 1 04 _ Proton _
o 3t |
X%

| /
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e

o = g MMM N
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10000
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Energy (GeV)
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Electron and Gamma-ray Flux eET

S 107 .
D 41 ]
T 10 Rejection  :
102k Electron Needed i
N2 over 1 TeV
= 107} SR

S N
= —
2 : OO / Diffuse Gamma-ray | \\\ ]
© —1F \ i
"o 10 . A R
L]

10 100 1000 10000

Fnergy (GeV)
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(‘ALET

CALET
: CALET
> ;1 m2sr
> : <1mm : 1760 kg
> : ~106 :36r.l ~1.7m.fp
> :
20 MeV~10 TeV for e,y
1 ~ 1000 TeV for hadrons Silicqp), Detector

(Optional) ' -l
> -1 m2 (IMC) |0.1 rl.x1
> ; IMC Y

1mm square x ~1 m length fmaging-Calorimeter ——— I0.2r.l.x
18 layers(x &y) $1rlxd]
> 4rl,013m.fp _
ANTI Shield T I T T I T T I T T T[T I T I T T T T T T 11
(PIasticScintiIIator) [TTT I T TITITITITTIIIITITITd =

(TASC): T PAS QI
> :~O.5m2 \I\I\IIIIIII.IIIIII!IIIIIII Lead —
>BG7(I)25X(258):§)50mm [T T TTTTIT T I I ITITITd e

ayers (X &y

> BGO :32r.l, 1.6 m.fp roem
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Examples of Shower Profile by Simulation

Gamma-ray 20 MeV Electron 10 GeV Proton 3 TeV

pair creation

Gamma-ray 100MeV
Electron 100 GeV

pair creation

Gamma-ray 1GeV

Gamma-ray 10GeV

shower
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Detector Components

SciFi Belt SciFi Belt (32 x 2 layers) 64-anode PMT

BGO+PD

PreAmp+AMP Connectors to Pre-Amplifier

2005 1 7



Imaging Calorimeter

Total Absorption Calorimeter

2005 1 7
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Gamma-Ray Detection vs. Lead Thickness EET

For gamma-ray observation, the angle resolution and detection efficiency
depends on the thickness of lead plate

100 MeV gamma-ray for 0.1 r.l. thickness of lead

o0 8l 50 5
) I : ]
A % a0k ~35 %
© B E 3
Z of o4 E
c ~3.5 degrees 0 30
= 4 1 c g 5
El S 20F .
o | o 5
v 2f ) © 10F .
. = D :
g ol | | | (@) : : : ]
0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4
Thickness of Lead Plate (r.l.) Thickness of Lead Plate (r.l.)
Angle Resolution vs. Lead Thickness Detection Efficiency vs. Lead Thickness
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Rejection Capability for Protons vs. BGO Thickness "A:L.E A

Simulation of Shower Development in BGO
Proton Events: 500,000 >1 TeV
Electron Events: 1000 > 1TeV

00K Proton Toth BGO 200K Proton
T (L) ; (.).OOJ)_ o j+'++'+1+4 ‘+*+'+' o
+ TJ Tj + +F t
: :
- " 0,002}
s
+++ _(D % *
g O 0 0.001
S L EETEE - -
N 3 o +
i 0 v
T e \L‘_\ \h O()OO il b
40 60 60 0 20 40 60
Energy r.m.s. Energy r.m.s.
BGO12 31ir.l BGO14 35.25r.l BGO16 39.7rl.
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Simulation Study on Hadron Rejection Power

Simulation Events: Isotropic Incident and Uniform Distribution on the Top

AE/E

AE/E

[

(SISl

(I W O D o

=lectron ™

U G L

AE/E Fraction of Energy Deposit at the Bottom Layer (BGO14)

Rrms: Root Mean Square Lateral Spread of Shower (Energy Weighted)

‘3R a Bk

on

I
O
Fvents

1

=20 SO

Rrms(x 0.25cm)

4

250
200k
150 F

100

"ALET

Proton Events ~10° at 10 TeV (Spectrum) : Electron Events 1000 at 4 TeV

Only one event is not rejected !

|:-..

Q 20 40

F Vaolue
F=Rrms2°® x AE/E

60
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CALET

Attachment Payload

JEM/EF Heavy

(Max. Total Weight ) (2500 kg)
Energy Range of Electrons 1~ 10,000 GeV
Geometrical Factor 0.5~1.0 m?sr

~ 106 #)

Proton Rejection Power
Energy Resolution
Angular Resolution [deg.]

Instrumental Weight

9.2/ sqrt( E(10 GeV)) %

0.03~0.1 |deg.

2,200 kg

#) Total Rejection Power by Scifi .Cal

2005 1 7

.and BGO Cal. for the protons at same energy with electrons

"ALET
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Scintillating Fiber (SciFi)

32 fibers
1mm square
ayers

Peak — 6.5 p.e for the [3- ray source
5.7 p.e for 1 MIP

8000

r 90
7000 | B ray from ~"Sr

arbitrary

so00 (- 1 p.e. peak
5000 |
4000

3000 |

2000

1000 |

1
5000 10000 15000 20000 25000 30000 35000 40000

ADC count
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64ch Front End Card (FEC) Develoment - Power Consumption- [-AFET

Bonding of Viking Chip

et p—_

’..13* |'§ I.

a 4

OPower consumption for 1 set up FEC
(for 1 MA-PMT, 64 channel)

-2 300 mW (measured)
eCarefully select parts(ADC, Op Amp et€) pgpecification of VA power consumption

<- small size, low power consumption 109 MA * 2 + 30 mA(other)
®Signal between back plane and FEC is > total(40000 channel)

separated with photo-coupler ~ 190 W(with only VA)
<- Noise reduction O Readout speed of more than 1 kHz
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VA Chip 32 ch of PreAmp+Shaper

‘-AL_ET

I bit-remster

L]
[

P T p—

(%]
b

-
El 'E|
'—E [
. B
S = =mps
preamp shaper 5
> i
prearmp  shaper
» N H
preaqp  shaper E E_
1o Al
=
- =
| i » 5
32 32
1 I
b ! o |
PIE‘!ITJP o Fl’
> -
preamp shaper
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Development of VA chip optimized for readout of MA-PMT "ALET

VA32HDR?2

VA32HDR14
(design spec.)

Noise (RMS)
1MIP
1MIP/Noise
Maximum Input
Linearity

Gain

Dynamic Range
Peaking Time
Supply Voltage
Power

Size [Mm?]

0.2 fC (1.2x103¢)
3.6 fC (2.2x10%¢)
180

#+0.8 pC (5.2x10°6 ¢)

370 (A/pC
230

1 3 s
+2V

1.5 mW/ch
3.642 x 3.355

0.75 fC (4.7x103 ¢)
3.75 fC (2.3x10% ¢)
50
=15 pC (9.4x107 e)
1.15% @ - 8 pC
2.9 %@ -12 pC
7.45 %@ -15 pC
73 MA/pC
4000
1.85 s

+25V

3.4 mWi/ch
4.375 x 3.330

2005 1 7
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FEC Development -Readout Speed-

FPGA
}‘-:
Analog Digital
Front End Cards PO
Controlthold, shift ..) FPGA
W W{-‘.‘ .
] SRR Hold
VA T
32 ~ L Control, clock
MA-PMT At < e Data
64 channel | ADC I =" TP
Vv ;\,. Back plane
— VA conirol
32
= ADC = -
.
Hold Delay Time SN
8 MA-PMTs hold signal T
1 ;
1
:
1 1
: :
1 1
1
1
1
o
1
Trigger I_I :
1
1
T2
Hold :
S — .
1 1

Digital Signal Processing

LVDS

. L
FPGA
= Dual port |~

trigger logic |_ Memory <!

VME(or PCI) DIO board

VME (or PCI) bus

DAQ

- 1kHz DAQ

Computer

1 kHz readout

1 ADC for 1 VA chip(A/D conversion is performed in FEC)
16 bit ADC(max 250 kHz) operated with 10 pasec / channel (100 kHz)
- 320 pasec / event (3 kHz) € enough for CALET application
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FEC Development - Noise and Resolution - @ET

—~ 10F
% : © hold signal synchrous to clock 0
—_ g ¢ asnchronous hold signal N
V]
@ 1oL |
E | =
= ] . L
\UT; . n L] L] - L] . @
>l
o i Constant Noise ~1.3 fC
]-D -[ 1 1 1 1 L1 1 I 1 1 1 1 1 1 I
10" 1 10
input charge (pC)
—_ 05
@ 0.45 3 & 2 hold signal synchrous to clock
= II:]'-f‘_': : * asnchronous hold signal
© 035¢
S 03f ~
= g .
S 0t % ;
02F .
1] = . o
= 015 F R
0.1 ."---__ﬁ c:(
0.05 | IR
'.:.;- ) ) L . . I"I'.:I'E:l-'-lll.. o a

»Noise at large input charge (> 10pC) in case of the synchronous hold
signal comes from the time jitter

»Flatter (better) noise performance in case of the asynchronous (trigger)
hold signal - use asynchronous hold signal
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Side View Top View

Beam Beam

300 mm

Z2iMleiam

wews  SCIFI (1 mm Sq.)
s Lead (2.8mm)

IMC < Lead : 0.5r.]. =< 8
=4r.l
B BGO+PD
B iron
TASC 1 BGO:2.23r.l. > 10
=223r.l.

25 mm
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IMC SciFi

4chips/board
VA32HDR?2 o
VA32HDR14 w -
Interface Connector HV Connector
VME

(ADC  CAEN V550)
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Test by CERN SPS Beam in 2003

Total Absorption Calorimeter

[27] [25] [25]
EEEEEEE
[o7] [a5] [13] [141] [24] [23] [z22] [z21] [2a]
9720 | Te0S . 6353 ‘ 5320 ‘ 6336 ‘ 16043 ‘ 46747 | GEEIE | 44128
(003 [o47 [fotsn 028 | (171 | [1e1 | [15]
Fedy ... B | 1Ead | EE | 37165 | 45455 | 42023
(141 |jca=l|jre=a
HEEEEEN -
EVC: 5

SciFi Belts : 14 layers, Lead : 4r.| BGO: 10 layers

Imaging Calorimeter

e 100 GeV/c

nch: 912 t1: 1850[ns] CDate: 0904

. Proton Rejection Capabilit
Transition Curve of Electron Shower J b y

(2]
=
&
b T
=

CERN 2003 CERN 2003

Number of particles
s =
[ |

i

i R T I R | PR TR i P | L
10 2 4 ] 8 10
BGO layer

2005 1 7 35



IMC Performance -Angle and Position Resolution - ‘-AL_ET

Ang. Resolution
slolo/on NI
5000

4000 £

3000
2000 £
1000 £

Counts

-6 -4 =2 0 2 4 6
The diff. of fit and incidence

Incident Beam 1cm x 1cm
Without gain correction :

Angle Resolution ~0.25 degree
Position Resolution ~ 0.5mm

2005 1 7

Incident Point

5000 T T T

4000

3000

2000

1000

£ L

20 30 40

Fibre Position

Expected

after correction
0.1 degree

0.2 mm

o0
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TA LHC

( STE
7 TeV X7 TeV (CERN-LHC)
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Assembling of SciFi Detector for LHCf Prototype in 2004 EET

SciFi Belt at 6 r.I 10r. 34r.l
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SciFi Signal Intensity for Electron 200 GeV (HV -600 V)

SciFi Layl
@ 6r.l.

SciFi Lay2

@ 10r.l.

SciFi Lay3

@ 34r.l.
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CALET Data Processing Flow Chart
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Event Trigger and Event Rate @ET

Gamma-Rays at Lower Energies: 20 MeV ~ 10 GeV

Anti-Coincidence (< 0.5 MIPs) & On-board Tracking in IMC (> 3 layers )
Trigger Rate of Gamma Rays: ~ 14 Hz (mostly from the Galactic Plane)
Background: Albedo. ~37 Hz (> 10 MeV); Hadron, negligibly small
Identification of gamma-ray by image analysis in IMC

Electrons and Gamma Rays* at Higher Energies: 10 GeV~ 10 TeV
*) The anti-coincidence is not valid due to backscattered particles

On-Board Shower Trigger in IMC to reduce the backgrounds less than 1 %
Trigger Rate: ~40 Hz

Analysis of the Shower Development in TASC and the Shower Image in BGO
Proton backgrounds to electrons and gamma-rays: < less than10-
Electron background to gamma-rays : < 2 x 103

Proton and Heavy lons: 1 TeV ~ 1000 TeV

On-Board Shower Trigger in TASC
Trigger Rate: ~ 0.1 Hz
Charge Identification by Incident Track in IMC
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Launching Procedure of CALET

CALET

H-IIA Transfer Vehicle HTV)

Pickup of CALET

Launching of H-Il Rocket ~ S€paration from H-Ii
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CALET @ET

CALET 1/4
IMC 512x512 mm2 TASC 300x 300 mm?

2005
2006 Anti Scintillator
2007-2008 IMC ( SciFi +Lead ) MAPMT
|| Scii FEC ‘
20~100 I Zz—
|
CALET an | | , —
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Backup Charts
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System Design @ET

Conceptual System Design of CALET

¢ System structure definition
¢ Basic structural concept: Pallet structure
¢ Estimation of weights and powers of components
¢ Structural analysis

- 1st mode eigen value: ~3Hz on JEM-EF

(Stiffness Requirement: >2Hz)

- Generated load on orbit: No harmful loads to JEM-EF
¢ Thermal analysis

- From launching to orbital visiting phase, in hot and cold

cases with various [3- angles

- No critical temperature ranges to components

¢ Launch and installation Operation by HTV and RMS

» The compatibility of CALET was confirmed as
a payload on the JEM Exposed Facility of ISS
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