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BIRNF—EBF(+HEEF) THESNDSIYAIVR

> 1 TeV Synchrotron and Inverse Compton losses
= Age < ~10° years, Distance < 1 kpc

Astrophysical Origin: Charged Particle Astronomy

Shock Wave Acceleration in SNR  Acceleration in PWN (A few sources; Vela, Monogem Cygnus Loop)
E%ﬁ ERH o E,=20TeV, r=35x10'yr ' Colden st al. 1984
+ Tang 1984
D=2x10"(cm’s ™) 5 Golden etal. 1994

“+ Boezio et al. 2000

# DuVernois et al. 2001
Distant component excluding w Torii et al. 2001
T=1:10™ yr and r<lkpc “ Aguilar et al. 2002

# Chang et al. 2008

@ Torii et al. 2008

=

FJ (electrons m ™ 87" sr' GeV)

tivg j b.ta. * Kobayashi et al. 2003
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ot & : : — 5 :
10° 10! 107 10 10 10*
Electron Energy (GeV)

Measured Spectrum Tags DM Species

(i) Kaluza-Klein Particle Annihilation: Monoenergetic direct
production of e+e- pair - Sharp high energy cut-off

(ii) Neutralino Particle Annihilation: Broad production
spectrum via intermediate particles - Soft
distribution over range of energy

(iii) Single WIMP Decay: Wide production spectrum below

mass via Neutrino ( Ibarra et al. 2010) - Soft cut-off

and high intensity without requiring local DM “clump”

Components of
the Universe
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E*J (electrons m-2 s sr-1 GeV?)
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5 =-> '
Decay Mode: D.M. Il Expected e+e* energy spectrum

Mass: Mp.M.:2-5TeV - by CALET observation
Decay Time: 1o = 2.1x10%6 s

l @® CALET (2yr)
Expected e*/(e+e*) ratio by a _io.on— i
theory and the observed data 2 Ty e
"£0.010 N [T\
0.20F % 6005
~0.10f % f JT ,
3_) HH —Y iﬁf 1
%“z’:o.os IR -5 ;f Energy [GeV]
00} Observation in the trans-TeV region
. . . mmm) Dark Matter signal
1 5 10 50 100 500 1000

Energy [GeV]

Ibarra et al. (2010)
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» Energy dependence of diffusion constant: O ~ £2
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The B/C ratio in a model where the positrons come from
a nearby SNR where the secondary particles are also
accelerated by the shock. (Ahlers, et al. 0909.4060)
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Expected Gamma-ray Sky Map by CALET (>10 GeV)

] 0.5 1 1.0 Z 2.a i

Simulated all sky map for gamma-rays (>10 GeV) expected from
the CALET observation. The 289 sources in the Fermi First Catalog
are adopted.
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— + BAT - Ajelic el al 2008
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/[?AZCGY A/‘//\\Ode‘z%{‘r/\-\'; v m)  Extra-galactic diffuse
ass: Mpy=2.9Te gamma-rays
Decay Time: Ty = 2.1x10%6 s Y
Extragalactic background
) +
L:g_h ~ +:Fermi-LAT | | Gamma-rays by inverse Compton
— i EGRET @®: CALET(2yr) | | scattering of the electrons and
I = - : positrons from DM decay with the
":‘1 <10 inter-stellar and extragalactic
" >x1071 photons
= +
Bix107
Bsxi0t Gamma-rays from DM
A A N s Observation in the sub-TeV
1070 I 10 100 region
Energy [GeV]

Ibarra et al. (2010)
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WIMP Dark Matter (Neutralino, Kaluza-Klein D.M.)
mmss) Annihilation or Decay

mmss) Gamma-ray Line

"Neutralino annihilation (Moore halo profile, BF=5)
gamma-ray (E,=820GeV)

0 or 5yr (BF=2)

15
I | 2yr (BF=5)

Photons/bin

O ‘I:‘;“iI;‘I;:‘\MI:{‘I;{::l{:::J:::{' + 4+ 4+ + 4+
Excellent energy resolution with CALET =00 %0 4§2mnfgﬁayiﬁrg;f§evf o0 %00 100
(2%:10GeV~10TeV)
Expected gamma-ray line for DM
‘ Detection for gamma-ray line due (m=830 GeV) annihilation by
to DM annihilation or decay CALET observation

(ref. Bergstrom et al. 2001)
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$1Ra1) A—4(CAL): CHD,IMC, TASC+MDC GPSR

T2 #BIN—ZAFE=2(CGBM): HXM, SGM ASC FRGF
FRGF( Flight YT h
CGBM (CALET Releasable Swia i E
Gamma Ray Burst Grapple Fixture)
Monitor) t - . CAL: Calorimeter
Syl a iR :
ASC (Advanced CGBM: Gamma-ray Burst Monitor
Stellar Compass)
IT5 LT HTV-5 (H2B)
CHD (Charge 5 EIFEEE | 201445 F#) (TBD)
Detector)
%PPSSR AR 2 &£ (5 &£hi B#R)
Receiver) RfA—F BRERIO—F
i1 R—bEHIYIaY
¥EEE 650 kg (BRK)
MDC (Mission HEERN 500 W (%K)
Data Controller) % :300 kb
IMC (Imaging i Pe
Calorimeter) TASK (Total

Absorption
Calorimeter)




CGBM instrumentation - Sensors -

» 2 Hard X-ray Monitors (HXMs)
e LaBry(Ce) ($p66 mm x 0.5 inch)
with a 410um thick beryllium

window by Saint Gobain Crystals.

This crystal is used in GRB

observations for the first time.

e Hamamatsu 2.2-inch

PMT R6232-05 g I

e High voltage divider and charge-sensitive-amplifier
» Soft Gamma-ray Monitor (SGM)

e BGO (¢4 inch x 3 inch) + Light guide by OKEN Co Ltd.

e Hamamatsu 3-inch PMT R6233-20
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Expected Performance
( from Simulations and/or Beam Tests)

SQ:
1200 cm?sr for electrons
1000 cm?sr for gamma-rays
AE/E :
a few % (>10 GeV) for e,y’s
~30 % for protons
e/p separation : 10
Charge resolution: 0.15-0.3 e
Angular resolution :

0.24-0.76 deg. for gamma-rays

(Preliminary)

450 mm -
~N
CHD-FEGC PMT e H— SciBar /
FETETIL—b
. ! CHD
S ) o e
MaPMT / )
/ |
VA Chip Assy / ‘\
IMC-FEG Ji IMC Structute >- IMC
/ |
/ |
IMG Panel / |
7 SciFi
=<
/’e“c" I
1 N 7 7 T I
— :,fr‘u'\
PMT [ T[] |
& A
§ [ T[] [ z > TASC
2 TASC-FEC [T 11 / | 2
ol /7 ] =
RN EANN
PD/ AP AN |
—
BASE PANEL TASC Structure
N
Shower particles

Function Charge Measurement (Z=1-40) Arrival Direction, Particle ID
iFi : =71

Sensor Plastic Scintillator : 14 X 1 layer (x,y) Ec:tl sizzl:-glxnfnlqiye;s4(£)l(éyznm7 68

(+ Absorber) Unit Size: 32mm x10mmx450mm Total thic'kness OC]IC Tungsten: 3 rl
Readout PMT+CSA 64 -anode PMT+ ASIC

PWO
CHD IMC TASC
(Charge Detector) (Imaging Calorimeter) (Total Absorption Calorimeter)

Energy Measurement, Particle 1D

PWO log: 16 x 6 layers (x,y)= 192
Unit size: 19mm x 20mm x 326mm
Total Thickness of PWO: 27 . I.

APD/PD+CSA
PMT+CSA ( for Trigger)
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Gamma-ray 10 GeV Electron 1 TeV Proton 10 TeV
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Classification by the shower axis geometry
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r.m.s. / <A E> [%]

A : full-contained events
D : partially contained events
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73 L » Thsim_ar | .
ﬁ Fgéj\ﬁq: HE 0) I*)[/#_ hsim_ar Entries eim_ar 8735
IR T CERN-SPS | ¢ f s
X_ rO-eCtiOn S ; xzolnr;d:n 306.5i141
Shower core ( Pro) ) - Ve 1207+ 0006
: : : 400; Sigma hel;_;i:?iﬂ_ﬂﬂﬁﬂ
IMC 1st layer 300 Moan 128
C RMS 1.593
- ¥? I ndf 448.9 1 167
200— Constant 421.7+8.3
B Mean -1.261+ 0.006
B Sigma  0.4426 + 0.0059
100
07_4 -3
theta[deg]
Angular distribution (electron10GeV)
Black: Simulation Red:Experiment
D C
$ 0.44]
5 :i A Simulation
v 5 0.421
2 r A Experiment
IMCS8th layer ,g 04l |
Example Event (electron 10GeV) %038: :
< I
CALET Simulation (IMC+TASC) 036 &
Electrons: 0.26 ~ 2.0 deg (1~10GeV) 0.34 I
0.13~0.26 deg (>10GeV) | . F i 4 )
Gamma Rays: 0.24 ~ 0.76 deg -
(Preliminary) 0% 20 20 60 80 100 120 140 160 180 200
Energy[GeV]

Energy dependency of angular resolution
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Fermi/LATECALETD A > R ERBITE BE LB
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20 MeV-300 GeV 4 GeV-10 TeV

7600 cm?@10GeV ~1000 cm?*@10GeV

2.5sr ~ 1.8 sr (max)

2.0 m2sr (>10 GeV) ~1000 cm?sr (>10GeV)*
0.25° @10 GeV 0.24° -0.76° (>10GeV)
8 % @10GeV 2 - 3% (>10 GeV)

26.5 us 1 ms (TBD)

6 X 1019/ cm?s 4 X10° /cm?s
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GRB observations with CALET ()

e Simultaneous broadband coverage with CAL(GeV-TeV), CGBM(keV-
MeV), and possibly ASC (Advanced Star Camera: optical)

e The CAL would be comparable to the CGRO/EGRET sensitivity.

Parameters CAL CGBM

Energy 1 GeV- 10 TeV HXM: 7keV—- 1MeV (Goal 3 keV--3 MeV)
(GRB trigger) SGM: 100keV— 20MeV (Goal 30keV-30MeV)

Effective area ~1000 cm? 68 cm? (2HXMs), 82 cm?(SGM)

Angular 2.5 deg@1 GeV, | No localization capabilities by CGBM itself,
resolution 0.4 deg@10 GeV | but IPN localization is possible

Field of view ~45 deq.(~2 str.) |~ str. (HXM), ~411 str. (SGM)

Dead time ~1.8 ms ~20 us

Time resolution

1 ms

GRB trigger:62.5 us (Event-by-event data)

Normal mode:1/8 s with 4 channels and 4 s
with 256 channels (Histogram data)




GRB observations with CALET (ll)

e Study of X-ray flashes (XRFs) and low energy portion of
normal GRBs with CGBM and MAXI/GSC (2—30 keV).

| l||| I i
107 T 100 — =
S XRE | % | = ;
[ W Y n
= 8 | _¢¢;¢ *"+ \E{ o0 — —
o 107 ¢ XRF 971019 i
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i ~ T 20 |
EMAX icRe 0 HXM SGM
] 6 | = e, o
S o WL T 3
i =" _GRB 990123 B 2 10 F -
10-7 L _.‘_‘ (Briggs et al. 1999) —fr—g— - —— -
IS | 5 1 < > :
10-8- T B S A AT EE A AR T B A S 7] B AT 5 ]
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e Study of absorption features | 1 EmB ) ;ofét 104
at 20-30 keV seen by Ginga/GBD. nergy (keV)

e The CGBM effective area is comparable to that of
Ginga/GBD (~60 cm?). We will expect to detect -40
GRBs/year by HXM and -80 GRBs/year by SGM.
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