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CALET on JEM/KIBO Expose Facility e‘”

EF berthing mechanism

Exposed Facility

EF viewing facility
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CALET: CALorimetric Electron Telescope

CALET Mission Concept

&l nstrument:
High Energy Electron and Gamma-Ray
Telescope Consisted of
- Imaging Calorimeter (IMC)
- Total Absorption Calorimeter (TASC)

= aunch:
HTV: H-11A Transfer Vehicle

zAttach Point on the I SS:

Exposed Facility of Japanese Experiment
Module (JEM-EF)

zNominal Orbit:
407 km, 51.6° inclination

&L ife Time:
3 years (minimum)

&zMission Status
Mission Concept Study
Launch around 2010 in Plan

May 23-26, 2004 IPRD0O4, Sena 4



Cosmic Ray Energy Spectrum ALET
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Scientific Objectives

® Detection of Nearby Electron Sources
- Electron Propagation in Our Galaxy

- Supernova Explosion

- Solar Modulation

- Signature of Dark Matter

® Exploration of Cosmic Gamma-Ray Sources
Diffuse Componentsin Our Galaxy
Electron and Proton Origin

- Supernova Remnants and Pulsar o 3R75+
- Active Galactic Nuclei 3
- | sotropic Extragalactic Diffuse Components i
- Gamma Ray Burst s
= Dark Matter % 1070 E
- Solar Physics T Lo-cheon

E' I felectronstn’ 5 & GeV7)

10

‘ ALET

Electron : 1 GeV~10 TeV

1w

1

10

.....

10

1 10

Crab Spectrum Boeeyice:

[T

BLL RELL e A

Gamma-Ray:

20MeV ~ TeV

ROO
Lol ool il )

B Observation of Proton & Nucleus Sources '
(Optional)
- Supernova Shock Acceleration

107

p-Fe:
1~1000TeV

- Propagation in Our Galaxy : Structure of the Galaxy

- lon Sources: FIP source or Dust grain
B Discovery in Un-observed Region !!
May 23-26, 2004 IPRD0O4, Siena
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Electron Energy Spectrumin 1 GeV ~10 TeV &ET

Background: p/e 100 ~afew 103 103~105 —> Regection Power
of 10811
Solar Poor Statistics& Inconsistency: ~ No Observation:
Modulation - Acceleration and Propagation ~ Direct Evidence of
- Sour ce Distribution in Space Sour ces, Anisotropy
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Gamma-Ray Observation in 20 MeV~10 TeV &ET

CALET on thelSS orbit without attitude control of theinstrument:
Wide FOV (~45°) and Large Effective Area (~0.5m?)in 20 MeV- 10 GeV

9 _

Good Energy Resolution (< afew %) over 100 GeV

?

—
R *
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CALET Capability of Gamma-Ray Observation

Integral Flux (photons cm=* 571)

Extra-Galactic Diffuse Component
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Meu fraling annihilation gam ma-ray

Meu fraling annihilation gam ma-ray

180 P———————————— 0 pr——————————
150 - a0 §
140 [ GLAST . =0 CALET ]
120 - 1 o i
G -
| Better eneri)y resol tﬁtlon !
_|_ H_ 40 + -
&0 Jr R |
40 1 J:;HH . 22 # +Jf 1
EE - -'h—#%w# ! Jﬁorib*.r"“ﬂ:ﬁ:mu; 12 MMW
20 40 BD B0 100 120 140 20 40 BD B0 100 120 140

Garma-tay EnergelGeV)

IPRD04, Siena

Garmma-tay Energy(Ge\)

Bl | Gievicm? £)

EdidE (el fom? s)

LTENRS | LaswCm* S

205

1207

208

a0

de-10

-1

105

ia-07F

ia-0s

100

ie-10

114

i206

te07

de08

p=Eul=]

fe-10

1214

AGN Spectra

1E33+362 (2=1.61)

1 10

00 000

Garmma- =y EnerguiGey)

20270 (2=0.528)

1 10 00 1000
Garma-ry Enangy| Gal')
hilrkaz 4 (z=0.024)
M ]
10 100 1000

Giamnmea-rEy EnemgyiGe)



Conceptual Structureof CALET &ET

Requirements: Schematic Side View of CALET
& Large Acceptance: 1 m? sr ( without Anti-Coincidence System)
& |maging Capability: <1mm
NN . 1r6
& Hadron Rejection Power. 10 Detector Weight: 1760 kg
& Energy Measurement: Total Absorber Thickness: 36r., ~1.7m.f.p
20MeV~10TeV for e ?
1~1000TeV for hadrons (Optional) _ 102.4 cm N
I \
SciFi/Lead Imaging Calorimeter (1M C):
= Area: ~1 m2 —— 0.1rlx10
& SCiFi Belt: 1mm square x ~1 m length = v
17 layers(x &) Io.z rl.x 5
&L ead Thickness: 4r.l,0.13m.f.p v
$1rlx2
(LI TITITITTTITTTITTTII]
Total Absorption Calorimeter (TASC): e
gArea:~O'5m2 [ [T T T T T T Iyl N TR THT T T IT T SciFi —
& BGO Log: 25 x 25 x 350 mm EEEEEEEEE EEREA S EEE SRR EEEE Lead —
7|ayers(x&y) [T TT T T I T I T T T T T TTT I Il ] BGO [
SciFi Bel for 3layers (x &) S

& Thickness: 32r.1, 1.6 m.f.p i
70 cm

May 23-26, 2004 IPRD0O4, Sena 10



Detector Components @E S

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

FEC (VA32, TA, 16bits ADC, FPGA)

BGO+PD

PreAmp+AMP Connectorsto Pre-Amplifier

BGO

May 23-26, 2004 IPRD0O4, Sena



Structural Design e&r

|maging Calorimeter

Total Absorption Calorimeter

May 23-26, 2004

IPRD04, Siena
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Examples of Shower Profile by Simulation @ET

Gamma-ray 20 MeV Electron 10 GeV Proton 3 TeV

Gamma-ray 100M eV
Electron 100 GeV

Gamma-ray 1GeV

Gamma-ray 10GeV

May 23-26, 2004 13



Electron Detection in CALET &ET

Proton Rejection Power ~ 106

S 107 :
O i ]
T@ 1 04 3 Proton 5
I 30 -
» U7 Electron X107
- 102 e oS Ny

> 10" | - :
= - Background Proton " ;
>~  1p0[ 1/100000 v o R ]
D B 17560,000
SRS /‘ O . L] e .-.- N L
L

10 100 1000 10000

Fnergy (GeV)
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Electron and Gamma-ray Separation

May 23-26, 2004

Gamma-ray selection from electron ~102

Electron

Rejection
Needed

Diffuse Gamma-ray

over 1 TeVv

I

S o107%
© 0t
Tm TOBE—
NU)

c 107

e 10!

|

> oY

© — Tt
< 10

L]

100

1000

Fnergy (GeV)
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Simulation Study on Proton Rejection Power @_ET

Simulation Events: Isotropic Incident and Uniform Distribution on the Top
Proton Events ~10° at 10 TeV (Spectrum) : Electron Events 1000 at 4 TeV

Rejection Power ~ 106111

0,05 3
w © < Proton Rejection Power vs BGO Thickness
b o E
(LI — i 120 T T T T T T

N 3 = 10} ]
LN\ oo 5 . 14BGOLayers }
z :
[an ¥ ]
BCO1 4 _ Sl
DD T ; i i 5 :

Ll ey Proton - 2 a4 x10 ]

W oc.oo4f e E " . o ) g ]
o . "Only one event is notjrejected ! e 3

©.002 . OL ' ‘ ‘ ‘
'Electron b 30 52 34 36 38 40
0. 000 : S S BGO Thickness (cm)
T 20 S0 e ]
Rrms(x 0.25cm)
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Gamma-Ray Detection vs. Lead Thickness &ET

For Gamma-ray observation, the angle resolution and detection efficiency
dependson thethickness of lead plate

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

g 8l 50

> S

o 6r ‘ =

c ~3.5 degrees =20

ERR ; 5

o e o 2V

0 ot : 2

0% I v 10

. L ()

O L

cob b 0 f

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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Gamma-ray Selection from Electron ‘A:LET

Over 10 GeV,gamma-rays can not beregected by the anti-coincidence
counter dueto the back-scattered particles
—> Gamm-ray can be selected after proton re ection (~10°)
by segmented anti-coincidence using thetop layer of SciFi.

Simulation of Positional Errors of the Incident Point

100GeV  LElectron 100GeV Gamma—ray

400 500§
77 0lmm 40@5 0.3mm ﬂ
g ] 300 F
200 F ]
200t &
100 F
: sigma=0.1mm ] WOO?
OF ‘ , ‘ ‘ ‘ ] . | J | s‘gmolzo_smm !
~0.6 -0.4-0.2 0.0 02 04 0.6 0 05 oo o O

Position (ecm) Position (cm)

The possibility that gamma-ray has hitswithin 5 fibersaround the
incident point islessthan 2x103

— ? /e>500!!

May 23-26, 2004 IPRD0O4, Sena
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lmaging Calorimeter of CALET

& Purpose:
Tracking and shower information are used for determining the axis
of cascade shower and for identifying the particle species

& Requirements

& Dynamic range from 1 MIP to 2~3000 MIP

& Trigger ~100Hz = 1 kHz DAQ capability

& Readout power low as possible (FEC <~ 300 W in total)

500 MeV ? 4 TeV electron

May 23-26, 2004 IPRD0O4, Sena
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How to Read SciFI? —MA-PMT and ASIC  seeposter

MA-PMT and ASIC(Viking chip, IDEAS) are developed for the SciFi readout
need matching of the dynamic range of MA-PMT and ASIC

. 64-multi-anode PMT(MA-PMT): HAMAMATSU R5900

Standard : 12 dynode stages, designed for high gain > 10 ©
MA-PMT with 8 dynode stages is developed

Dynamic range up_to 11pC(2500 MIP) at 550V(ga|n 5000)
20pC(1300 MIP) at 650V(gain 15000)

- ASIC(Viking Chip) one for 32 channel readout
VA32HDR2(Conventional) HDR14(new chip)

¥ " ==
| 1 B 2
A, isalg
i H.....:.......... |
= RN RS
LLLCE R TN T AR AT TTETY

L LT LA

gain 370 u A/pC 73 uA/pC

noise 0.2 fC 0.85 fC

input <08 pC <18 pC

power 1.5 mW /channel 3.7 mW /channel -> 150W(total)
Peaking time 1~3p sec 1.85 u sec

Dynamic range reaches 2000 ~ 3000 MIP,
j> if the output charge of MA-PMT at 1 MIP is set at ~6 fC (gain 7000)

May 23-26, 2004 IPRD0O4, Sena 20



M easur ements of Dynamic Range of PMT and FEC A

M easurement of 1MIP Peak of SciFi

Peak — 6.5 p.efor theR - ray source

— 57p.efor 1MIP

8000

7000

arbitrary

so00 |- 1 p.e. peak
5000
4000
3000
2000 |~

1000

B ray from Pgp

May 23-26, 2004

1
5000 10000 15000 20000 25000 30000 35000 40000

ADC count

PMT Dyn

amic Range Depending on Gain

*) Measured value of 20 nswidth is corrected
by 6/20 for 6ns pulse width of SciFi

deviation from linearity (%)

60
e HV=550V
ar « HV =650V
20 |-
ol - H .;Aj.‘_;‘.'. .
.
.20 [
8 dynode
-40 - LED drived with 20 nsec pulse
1k Hz
-60 : :
-1
10 1 10 10°

output charge (pC)

FEC Dynamic Range up to 18pc (~10%)

ADC coumti 15 bity

o

IPRD04, Siena

SO0 - f
i ADC count WS input change P4 .

20000

15000

oo

5000

I'.l"“I :
i} 2 4 L] g m 1z 14 16 18 M
i|||_l||r Cclewge | |:lf"'|
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Beam Test at CERN & HIMAC in 2003 "ALET

#CERN Beam Test at H6 Beam Line =HIMAC Beam Test

& General purpose Front End Card developed in ISAS Heavy lons:

«=CAEN VME modules for controlling VA readout and ADC He 1.7MeV, C 10.1MeV,
#ADC separated from FEC Si 29.9MeV, Fe 71.6 MeV

& 512 ch multiplexed in one ADC

Electron: 50 GeV/c, 100GeV/c Proton: 150 GeV/c .
Charge Resolution

Count [arbitrary unit]

A 0l Il
i 0 10 20 30 40 50 60 70 80
dE [MeV]

May 23-26, 2004 IPRD0O4, Sena 22



Scale Model (~ 1/50) and Examples of Observed Showers &ET

Tricaer Anti Trigger
|
% IMC (512 SciFis+  4r.| thick Leay TASC (26 logs of BGO)
\\ EEEEEER
Beam = 1
el DI
|:| SCiFi I Lead Bco [ !ronfor dummy

e 100 GeV/c

‘ interaction

p 150 GeV/c

May 23-26, 2004 IPRD0O4, Sena 23



TASC Setup

BGO Crystd

25mm>=< 25mm>< 300mm

Pre-amplifier
Teflon Sheet
0.1mm thick><3

. _ o
Photodiode 5 Shaping time ~2°
S3204-08 .
Area 18mm><18mm

Aluminized Sheet
12uthick on both side

Beam Shaping Amplifier

BGO Logsand PD

May 23-26, 2004 IPRD0O4, Sena 24
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Interface
Connector

Setup of Imaging Calorimeter

ALET
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Readout System of IMC ALET

Use CAEN VME module for controlling VA and ADC

Bond new chip (HDR14)

The system with the new chip was successfully used
in the data taking in the beam test at CERN (2003/09)

But, ADC(VME module) is separated from FEC & large noise: ~ 12 fC
512 channels are read in one ADC &5 not fast enough

:> Need new readout system ( See Poster)

May 23-26, 2004 IPRD0O4, Sena 26



Data Analysis (1) —Angle and Position Resolution - &ET

Ang. Resolution Incident Point
BO00F T T T T T 5000
2000 7 4000 |
4000
2 3000
S5 3000 ] :
~ 2000 : 2000 |
1000 E WOOOE
-6 -4 -2 0 2 4 06 10 20 30 40 50
The diff. of fit and incidence Fibre Position
|ncident Beam 1cm x 1cm
Expected
Without gain correction : after correction

Angle Resolution ~0.25 degree —— 0.1 degree
Position Resolution ~0.5mm —— 0.2 mm

May 23-26, 2004 IPRD0O4, Sena 27



energy fraction

Data Analysis (2) -Proton Reection Power -

at the bottom ( 25cm thick BGO) layer

Proton 14,000 events
Electron 3,000 events

Simulation

=
=
e

e50 GeV o

f(x) —

energy fraction

r.m.s [em]

e50 GeV : 98.0%, pl150 GeV : 0.63%

May 23-26, 2004

IPRD04, Siena

Experiment

=
[ )
oy

Proton ~14,000events

Electron ~3000events
Z e50,GeV ¢

fix) —

r.m.s [em]

ALET

e50 GeV :

96.91%, p150 GeV : 1.27%

p150 GeV : 0.38% (after shower cut)

28



New FEC (1) — Power Consumption- ey

FPGA ADC

VA Bonding

G
fiiiii

Place for VA
analog digital digital analog

Design and parts(ADC, Op Amp etc) of FEC are optimized for small size,
low power consumption, low noise.

Power consumption of FEC for 64 channels (VA + ADC + FPGA)

~ 420 mW (350 mW, other than the efficiency of the regulator)
& total ~260 W (220 W) - acceptable

May 23-26, 2004 IPRD0O4, Sena 29



New FEC (2) -Readout Speed-

BGA .. . .
,,,,,,,, , Digital Signal Processing
Analog Digital A LVDS
Front End Card%ontrol(hol(l, shift .) FPGA
Hold res
-VA RN e trigger logic|__~| Dual port -
32 Control, clock 88 L = Memory =
MA-PMT Dat
64 channel ADjC | TE -
X 1%&: Back plane VME(or PCI) DIO board
control
32
@ . VME (or PCI) bus
DAQ
| - 1kHzDAQ
‘ = Computer
: Hold Delay Time N NN
8 MA_PMTs hold signal
| i ; 1 kHz readout

Trigger h :
]

Held

1 ADC for 1 VA chip(A/D conversion is performed in FEC)
16 bit ADC(max 250 kHz) operated with 10 4 sec / channel (100 kHz)
& 320 4 sec / event (3 kHz) « enough for CALET application

May 23-26, 2004 IPRD0O4, Sena



New FEC(3) — Noise and Resolution

~ l0F
wg : © hold signal synchrous to clock Lo
—_ - ® asnchronous hold signal e
i
[# 4] ].D - o
E i =
: 5 - [ ]
E?j' L] ] - - ™ L] . L
> L
e 3 Constant Noise ~1.3fC
I
ID -1 1 1 1 1 11 | I 1 1 1 1 1 1 I
10 1 10
input charge (pC)
—. 0.5
@ 0.45 3 : © hold signal synchrous to clock
= D{‘ B : ® aznchronous hold signal
2 035¢
= 03fF :
= ',
5 0250 . ]
02F .
i) E . [=
= 0.15} .
D]_:— .-_..-..-:‘:- (:ﬁ
D_DF E e m .:..: _ . [
{:.; = | | L | | | "I":I'E:l-'-il.. L |

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

eFlatter (better) noise performance in case of the asynchronous (trigger)
hold signal = use asynchronous hold signal

May 23-26, 2004 IPRD0O4, Sena



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 (> 3layers )
Trigger Rate of Gamma Rays: ~ 14 Hz (mostly from the Galactic Plane)
Background: Albedo. ~37 Hz (> 10 MeV); Hadron, negligibly small
| dentification of gamma-ray by image analysisin IMC

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

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

Analysis of the Shower Development in TASC and the Shower Imagein BGO
Proton backgrounds to el ectrons 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

May 23-26, 2004 IPRD0O4, Sena 32



L aunching Procedure of CALET

CALET

Propulsion Module

Aft RCS Thrusters

H-11A Transfer Vehicle( HTV)

Exposed Pallet Avionics

EF Payload Earth Sensor
Water Supply System

Non-rechargeable Battery

Forward RCS Thrusters

CALET launched by HTV

Pickup of CALET

Y
7 - »

1SS

Launching of H-11 RocketSeparation from H-T1

May 23-26, 2004 IPRD0O4, Sena 33



Summary and Conclusion &ET

& The JEM/EF facility of 1SS is very suitable to cosmic ray observation at
very high energies with a heavy payload.

& We have successfully been developing the CALET instrument for
JEM/EF facility from the experience of balloon experiments.

& The CALET has capabilities to observe the electronsup to 10 TeV ,
ganma-raysin 20 MeV- 10 TeV , proton and heavy ionsin 1 TeV- 1000
TeV, for investigation of high energy phenomenain Universe.

& CALET isnow under Mission Concept Study and might be launched by
HTV around 2009 for 3 years if the mission will be approved in AO
expected in near future.

We welcome very much the international collaborators!!!

Thiswork issupported by a part of “Ground-based Research Announcement for Space
Utilization” promoted by Japan Space Forum

May 23-26, 2004 IPRD0O4, Sena
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Backup Charts
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Scientific Heritage ALET

1993-1998:
& Development of SciFi/Lead Calorimeter for Electron Observation (BETS) NIM 457, 499-508 (2001)
& Successful observation of electronsin 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)

n 100 GeV

P

Shower Imageat CERN

Balloon Flight

1999-2003:
& Development of new detector of Antarctic Flight (PPB-BETS) for observation in 100-1000 GeV

& Observation expected in 2003 at Showa Station

b \ I
" T =i Pl
L 7 -y
g i P,
3 . | & b
Fil " A 2
i > g (184
4 A4 S
T \ \
[ : N VAT
O - e L kT
_— —= = ¥
. 2T i —— E |
\ [T S W s [0 -
A\ - RIS vy
\ T - N )
| b <
\ [/ - >
!
+
===t >
=

p iy S o =
Ta L
180"

Balloon Flight at Antarctica Expected Trajectory PPB-BETSwith solar panels
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Observation of Proton and Heavy |ons (Optional) &ET

Present Data
Measurements of proton and heavy O —
lon flux in the energy region SRl
exceeding 1 TeV, in which magnet L F NS
spectrometer is not capable. i D %ﬁ
O a?]

@gijzf
For proton measurement. | Change of power index duetothe
Seff ~0.5m 2x 1/3 (for p) acceleration limit by shock wave ? | i

Exposur e factor for 1000 days: o
170m 25 day~1.5x 107" m2ss Su'p 1
3 NeMgSif1/50)]
Expected numbers of protons: % ]
Energy (TeV) Number il I
1 _,,106 iron(1/2800) 1
1](_)% ;_ 2 X ::Il-.g: i ‘TL Filled symbal : RUNJOB daial
1000 . X6 1 .ID—I. saasd ;.;l'. i il ._l_:]-‘ i l_nu’ P ““m'r

kinctie energy  Fo |[Gevinuckeon]
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Near by Sour ce Candidates &ET

Electron Energy Loss by

- Inverse Compton Scattering Energy Loss Rate Age? 1/E >
- Synchrotron Radiation dE/dt? 1/E? Distance? Age
1ot o .~ L_ s =A% T =
Dp=2x10"jcms1) ; 1 TeV Electron Source:
Cygnus Loop | & Age< l10°years

swigs ST Ggs3 -~ Geminga - & Distance< 1 kpc
g Vela
o Cygnus L oop
g M onogem
(i

Unobserved ?

iy 10
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Simulation of Gamma-ray Performance

ALET

(Preliminary)

Effective Area Geometical Factor
15 10600 i
= J CALETALL .-
5 | GLAST .- 5 SRR e |
S 10 T E / o I
= .~ CALET LE L L ]
e ‘ i E | 4
-g " CALET ALL E X CALET lO r.I
B L A " (~GLAST)
B [ e ] E
0 il St
) MR i ey s 1900 | i ; |
0. 010 1.00 19.00 100.00  1000.00 0.1 c.10 1.00 1440 ) 100,00 10C3C.00
Garfirid=ray Ereray. EiGev) Gomma-ray Energy, Ey{GeV)
c Angle Resolution Energy Resolution
S 100.00F ' 1000
¥ 10.00¢ K i
. F c DIRDF
o g E
C ]
= 1.00F f:
c E iz
_8 F u.mc';-
2 0.0 =
o F L
o 0.011[ . 2.001 - - - -
2k ' T A T GO 01D 100 1000 10000 1000.00
7 10 10 10 10 10 Barmea—ray Enerav. E[Gel?
Energy {MeV)
May 23-26, 2004 IPRD0O4, Siena
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Basic Performance Obtained by Simulation &ET

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
Proton Rejection Power 10° ~ 106 #)

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

#) Total Rejection Power by Scifi .Cal. and BGO Cal. for the protons
at same energy with electrons
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Model Dependence of Near by Sour ce Effect ALET
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