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* Introduction - What is Electron Observation?

* General Understanding of Pamelal Positron Excess and
ATIC/PPB-BETS Anomaly

* Nearby Pulsars: or Unknown Asiro. Source

* Dark Maitter’ Decay or Annihilation
* What's Next® - CALET Project

& Summary



Flux (m2 s~ sr! GeV™)

Electron Observation in 1~1000 GeV

Cosmic-ray Energy Spectra
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Large amount of exposures
with a detector of high proton rejection power

= Long duration balloon flight in 10~1000 GeV
Observation in space for years over 1000 GeV



Cosmic Ray Electron Models

& Where do CR electrons come from?

v’ Discrete Sources (~987% at 100 GeV)
v' Interactions of CR nuclei with interstellar gas

- producing ©*/- or K*-— p*’- — et/

& How do they move through the Galaxy?

v Diffusion

- Energy loss by synchrotron and inverse Compton
[so, T = 2.5X10%X(1 TeV/E) yr and R = 600X(1 TeV/E)2 pc]



What are the source candidates?

& Supernova Remnants
- Shock acceleration gives a d¢/dt o« EZexp(-E/E,)
spectrum injected into the ISM, where £, ~ 10 TeV.

& Pulsar Wind Nebulae (PWNe)

- Electrons released from the stellar surface in the
polar caps pair produce in the magnetic fields
producing e*/e" pairs

- The pairs are accelerated at the PWN termination
shock, again giving a dg/dt o« E2exp(E/E.)injection

& Microquasars

- Relativistic jets sending out beams of mono-
energetic electrons in to the ISM



The Case for Supernova Remnants

+ Experimental Evidence

- Radio synchrotron
emission observed

- X-ray synchrotron
emission observed

- TeV gamma ray emission
predicted and observed

Color-composite image of E0102-72.3:
Radio from ATCA; X-ray from Chandra
and

17h11m

HESS image of RX J1713.7-3946




Distance (pc)

Nearby Sources of Cosmic-Ray Electrons

- Inverse Compton Scattering dNe —V(DVNe )——(bE Ne) @
- Synchrotron Radiation
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E {electrons m=2 st st GevY)

£ {electrons m—2 sl st GevY)

Model Dependence of Nearby Source Effect
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Balloon Observations of Electrons
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E°dN/dE, (m™s™'sr 'GeV?)

Measured Electron Spectrum
Chang el al. Nature
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PAMELA ReSuH‘S Secondary Production Models

Adriani et al. (2008) CR+ISM >t +...>pt+...>e*+...
CR+ISM > 7%+ ... 5> yy > e*
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These are difficult experiments. The positron excess exceeds the
Positrons and protons must be prediction of Moskalenko and Strong
separated (1998) above 10 GeV (solid curve)



Positron fraction

Secondary Production Models

CR+ISM>na*+...>u*r+...>e* + ...
CR+ISM > n0+ ... 5>yy >e*
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Quite robust evidence for a positron excess
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Antiproton-to-proton ratio by PAMELA

Secondary Production Models cRr +i1sM — p-bar + ...
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No evidence for any antiproton excess O.Adriani




Generall Understand off PAMELA and
ATIC/PPB-BETS results

“The PAMELA data suggestsi that: there is a local

primary source for positrons.

“Tihe posifiron source speciirum needs ¥o be hard.

“Then, we should expecl that' the electron

spectrum may be alsol significantly modified
at > 100 GeV.

Perhaps, the PAMELA and ATIC/PPB-BETS
excesses arise from the same origin.




Possible Candidates

® Dark Maiiter decay or annihilation

® Nearby pulsars; or unknown astronomical
source (Gamma-ray: bursi remnani?)

Difficulii 1o explain the observed filux with
a sharp edge seen| by ATLC/PPB-BETS 2?2



KK Dark Matter

Dashed curve: The Chang et al. Nature(2008)

electron spectrum
predicted by the
GALPROP model
(Strong and Moskalenko,
2001)

1,000

E°dN/dE, (m™s™'sr'GeV?)

100 ¢
Dotted curve: 620 GeV [
Kaluza-Klein particle
directly annihilating to T
e*/e” pairs and 10 S -
propagated using 10 100 1,000
GALPROP Energy (GeV)

Solid curve: Sum of
background electron
spectrum and KK
annihilation spectrum

KK annihilation does fit the excess well but it
requires a local clump of dark matter that is
~200 times the average density in the Galaxy




Positron fraction Total flux [GeV*m2s~'sr™!]
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\c_ﬁ’l{e+ +e )

Decaying DM (Hidden Gauge Boson)
with Lifetime of O(102%¢) Seconds

Large boost factor is not necessary.

Positron Faction Electron & Positron Spectrum
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Nearby Pulsars

Electron + Positron Spectrum
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CALET Overview

CALET Mission Concept

O Observation:

» Electronsin 1GeV - 20 TeV
»Gamma-rays in 20 MeV - 10TeV

+ Gamma-ray Bursts in 7 keV - 20MeV
» P-Fe in several 10GeV - 1000 TeV

O Launch:
HTV: H-11A Transfer Vehicle

O Attach Point on the ISS:
Exposed Facility of Japanese
Experiment Module (JEM-EF)

O Life Time:
3(min.) - 5 years

O Mission Status
Phase A Study
Launch around 2013 in Plan

CALET Payload

» High Energy Electron and Gamma- Ray
Telescope Consisted of
- Imaging Calorimeter

- Total Absorption Calorimeter
» Weight: 1500 kg
> Geometrical Factor: ~0.7 m2sr
» Power Consumption: 640 W
» Data Rate: 300 kbps




Schematic Structure of the CALET Payload

e SV

CALET

)~ GBM: Gamma-Ray Burst Monitor
.‘x -J. VSC: Visual Sky Camera
MDP: Mission Data Processor

SACS:Scitillator Anti-Coincidence System
SIA: Silicon Pixel Array

IMC: Imaging Calorimeter

TASC: Total Absorption Calorimeter




Details of Each Component

IMC \ TASC

Scintillating Fibers
(64 fibers = 1 unit)

CFRP BGO CASE
SUPPORT PANELS

Tungsten Prate
+

Honeycomb Plate

FEC +
64 anode PMT

| Side Support Structure |

Front End Processor Units

ty

SIA SACS(ACD)

« Silicon Pixel Array x 2 layers ( Pixel ~1cmx 1cm)
« Charge resolution: 0.1e for p, 0.35e for Fe » Segmented Plastic Scintillators for Anti-Coincidence



Examples of Simulation Events

W4+SciFi

mfp




E*J (electrons m-2s-! sr! GeV?)

Possible Nearby

Purposes of Electron Observation |sources
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Search for Dark Matter

- electrons+positrons -
Annihilations of WIMP D.M. into mono-energetic e+ e-

UED
(Kaluza-Klein)
DM

SUSY DM

Kamionkowski
et al. (1991)

Simulated electron spectrum with
CALET for KK DM of 300GeV
mass (3 years observation)

E 1 (electrons m2 s s GEV"J

Boost factor= 1Jr

100
Electron Energy (GeV)



Integral flux (photons cm™s™)
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Gamma-Ray Observation in 20 MeV~several TeV

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

® Sky coverage of 70 % for one day

® All sky coverage in 20 days
® Typical exposure factor of ~50 days in one year for point source

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

= ® Measurement of change of power-law spectral index

® Possible detection of line gamma-rays from Neutralino annihilation

Sensitivity of y-ray detectors i
ensitivity ot y-ray detector Energy Resolution

Ml .. 5sigma s0hous, > 0events
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10

MAGIC (now)
Whipple -
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VERITAS

Large field of View experiments

Cerenkov detectors in operation

7
Past experiments HEGRA

Future experiments
paal L PR |

R
HESS ]

10° 10°

Aldo Morselli v.12 7/6105 Photon Energy (GeV)



SUSY Dark Matter Search by Gamma-ray Line

Gamma-ray line
sensitivity toward the
Galactic center
(3000<1<609°, |b|<10°)
, compared to the
gamma-ray line flux
from Nutralino
annihilation.

Gamma-ray Line Flux (photons cm™ s7!)

107"

Expec'ted gamma—ra‘iyr line flux from D.M.
= CALET detection limit (3 years)
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10° 10" 10° 10° 10
Gamma-ray Energy (GeV)

Photons/bin

o O WIMP Mass Limit from Direct Observation
£ | Excluded by direct detection o WIMP mass is likely heavier than ~100 GeV

2 | CDMS 2005 /"’ « Future accelerator experiments will cover the mass
g 1" _— ! range in 100~500 GeV

E 5 « Indirect observation is very promising to see

- 'S _ gamma-ray line according to WIMP mass.
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Decaying, Hidden Gauge Boson

(@)
: Sness .
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Chen, Nojiri, Takahashi & CALET 3yr observations:
Yanagida (2008) Simulated spectra
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Launching Procedure of CALET

CALET

H-1IA Transfer Vehicle (HTV)
CALET launched by HTV

Pickup of CALET

-y

?

Launching of H-II Rocket Separation from H-II

ALET



CALET Timeline

Ao Proposal Selection Selection for Development Phase
\ \ (3 missions) / (Concentrate to one mission)

JFY| 2006 2007 2008 2009 2010 2011 2012 2013
EEEEEEN —Wﬁ

c Conceptual Design : Preliminary Critical Maintenance

;8 Mission Definitionp  Design Design Design &

= )

= | A A' FM Integration CALET
QO (Review of progress) SDF{ Launch
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%) .. l Target
g Definition Phase <:|: ‘ Development Phase

Phase A/B 1 Phase C/D

= ” g
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Summary.

Cosmic-ray electron energy spectrum

m consistient with each ofhier in recent
experiments by power-law spectirum of -3.1~3.3
m excess observed consistently with ATIC

and PPB-BETS

s the PAMELA and' ATIIC/PPB-BETS excesses| arise from: the same
origini, mosi likely LKP

Inithe near fufure
= Tnvestigation off cosmic-ray electron sources from tihe observed

electron energy spectrum with flight
= Final conclusion of and
shall'be obtained by: iihe observation

s New results from PAMELA , EERMI, AMS ...

The CALET project is being carried out in collaboration with JAXA.
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