
���� � �� � �	� � ��

�
�

�



���� � �� � �	� � ��

�

�
�

�

�

����� ��

���%�
�� ��

�
0.03%�

�
0.3%�

�
0.��%�

�
25%�

��
��

�
0.03%�

�
0.3%�

�
0.��%�

�
25%�
�

70%�

��

���%����%�
�� ��

�
0.03%�

�
0.3%�

�
0.��%�

�
25%�

��
��

�
0.03%�

�
0.3%�

�
0.��%�

�
2 %�
�

7 %�

��

���%�
� �� �	
���

�
�

���
 �


��
 �

�

���

�� ������

�
�� �

�

�

dN/dE ∝ E-2exp(-E/Ec) 
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A Naïve Result from Propagation  
T (age) = 2.5 X 105 X (1 TeV/E) yr  

R (distance) = 600 X (1 TeV/E)1/2 pc 

1 TeV  Electron Source: 

�  Age <  a few105 years   

    very young comparing  

     to ~107 year at low energies 

�   Distance < 1 kpc 
     nearby source 

Source (SNR) Candidates : 
    Vela     Cygnus Loop  Monogem 

Unobserved Sources? 
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Vela 
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Cosmic-ray  
electrons 

Cosmic-ray 
protons 

�  Flux of electrons and positrons:  
   ~1 % of protons @10GeV 
   ~0.1 % @ 1000GeV 
   ~0.1 % @ 10 GeV 

�  Spectrum of electrons:  
�   softer than protons 
�   power-law index:  
        e:~-3.0, p:-2.7 

=> As higher energies,  
�  Lower electron flux 
�  Lager proton backgrounds 

Large amount of exposures   
with a detector of high proton rejection power (+ charge separation) 

 Long duration balloon flight in 10~1000 GeV (~10 m2srday) 
 Observation in space for years over 1000 GeV (> 100 m2srday) 

Cosmic-ray Energy Spectra 
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We are waiting for much more study by ATIC, PAMELA, Fermi-LAT, HESS 
and a forthcoming experiment in space, AMS-02. 

Moreover, 
We need an accurate and very-high-statistics observation for searching Dark 
Matter and/or Nearby Pulsars in the sub-TeV to the trans-TeV region with a 
detector which has following performance: 

�    The systematic errors including GF  is less than a few %. 
�    The absolute energy resolution is as small as a few % ( ~ATIC). 
�    The exposure factor is as large as more than 100 m2srday ( ~ FERMI-LAT). 
�    The proton rejection power is comparable to  105 , and does not depend  
     largely on energies .  

It should be a dedicated detector for electron observation in space. 

Calorimetric Electron Telescope (CALET) is proposed. 

Efforts by  the new experiments for deriving the positron and 
electron spectra are really appreciated to open  a door to new era 
in astroparticle physics.�
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The CALET mission instrument can satisfy 
the requirements as a standard payload in 
size, weight, power, telemetry etc. for 
launching by HTV and observation at JEM/
EF. 

CALET System Design 

�
Calorimeter 

Gamma-ray Burst Monitor Star Tracker 

Mission Data Controller 
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CALET Overview 
�  Observation: 
�  Electrons : 1-10,000 GeV 
�  Gamma-rays : 10-10,000 GeV  (GRB >100MeV) 
    + Gamma-ray Bursts : 7 keV-20 MeV     
�  Protons, Heavy Nuclei:  
    several 10 GeV- 1000 TeV ( per particle) 
�  Solar Particles and Modulated Particles 
    in Solar System: 1-10 GeV (Electrons) 

�  Instrument:  
 High Energy Electron and Gamma- Ray 
 Telescope Consisted of : 
 - Imaging Calorimeter (Particle ID, Direction) 
     Total Thickness of Tungsten (W) 3 X0 
       Layer Number of Scifi Belts 8 Layers ×2(X,Y) 

  - Total Absorption Calorimeter 
    (Energy Measurement, Particle ID) 
     PWO 20mm 20mm 320mm�

Total Depth of PWO 27 X0  (24cm) 

  - Charge Detector  
    (Charge Measurement up in Z=1-35) 
       Cherenkov Detector   
       2 Layers with a coverage of 45.0x45.0 cm2 

367�
367�
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CALET Performance for Electron Observation (1)  

SIA 

IMC 

TASC 
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CALET Performance for Electron Observation (2)  
Angular Resolution  

�,�!���'�SΩ ( for electrons) vs.  Incident Angle 

�&�!�%���

7+9!%!&�+��� See Blue Marks 
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Electron 1 TeV 

Proton 2.9 TeV 

Proton Rejection Power for 1 TeV Electron 
Generated Events 

Protons:  1.6x106 events with energy spectrum 
 E-2.7 in 1-1000TeV 

  Electrons:  1 TeV 

4 proton events are contaminated in electron 
region ( 95 % electron retained) 

Proton rejection power:  ~2x105 (90% C.L.) 
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Why we need CALET ? 

Residual hadron 
contamination 

FERMI Electron Analysis 
���-���"!�6+!������)�'�(�
(���'.,&��'��'��.&�
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Expected CALET Performance 
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CALET is a dedicated detector for electrons and has a 
superior performance in the trans-TeV region as well as 
at the lower energies by using IMC and TASC 
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Comparison of Detector Performance for Electrons  
CALET is optimized for the electron observation in  the tran-TeV region, and the  
performance is best also in 10-1000 GeV,�
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Dark Matter detection 
capability by CALET�
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Decay Mode: D.M. -> l+l-ν 
Mass: MD.M.=2.5TeV 
Decay Time: τD.M. = 2.1x1026 s�
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Observation in the trans-TeV region 
 Dark Matter signal�
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Extra-galactic diffuse 
gamma-rays�
Extragalactic background 
               + 
Gamma-rays by  inverse Compton 
scattering of the  electrons and 
positrons from DM decay with the 
inter-stellar and extragalactic  
photons 
               + 
Gamma-rays from DM  

Decay Mode: D.M. -> l+l-ν 
Mass: MD.M.=2.5TeV 
Decay Time: τD.M. = 2.1x1026 s�

Observation in the sub-TeV 
 region  

���� � �� � �	� �

Dark Matter signal�

 region  
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Excellent energy resolution with CALET 
~2% 10GeV 10TeV   

�%!=,�;!%�'�%�4�!����,�-��#��
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(2) WIMP continuum emission  (1) WIMP line annihilation  
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Proton and Nucleus Observation (5years) 
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