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High-Energy Cosmic-Ray Electrons

— ldentification of nearby cosmic-ray sources (SNRs)
— Investigation of acceleration mechanism
— Investigation of propagation in the Galaxy
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Kobayashi et al. 2004
— Search for WIMP dark matter annihilation to e+e-

=> High Energy Electron Observations above 1006eV
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Characteristics of Cosmic-Ray Electrons

Electron Energy Loss by Electron Density Equation
- Inverse Compton Scattering %_ V(DVNe) —i(bEzNe) =Q
- Synchrotron Radiation dt oE
Anisotropy
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Flux of electrons:
~1% of protons @10GeV
Spectrum of electrons:
steeper than protons

power-law index:
e:~-3.0, p:-2.7

with a detector of high proton rejection power

=> Long duration balloon flight with PPB-BETS
by Polar Patrol Balloon in Antarctica
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The PPB-BETS Experiment

« BETS

(Balloon-borne Electron Telescope with Scintillating Fibers)
— Imaging calorimeter with scintillating fiber (SCIFI)
— 10 ~ 100 GeV cosmic-ray electrons

— Launched two times (1997,1999) at the Sanriku Balloon Center,
Japan

 PPB-BETS
— Higher energy electron (10 GeV ~ 1 TeV)
— PPB (Polar-Patrol Balloon)
— Long duration observation
« Automatic level control

» Power supply by solar batteries
« Data transfer with Iridium satellite phone system



BETS: Balloon borne Electron Telescope with Scintillating fibers

® Development of SciFi/lead imaging calorimeter for electrons
NIM 457, 499-508 (2001)

® Successful observation of electrons in 10-100 GeV
ApJd 559, 973-984 (2001)

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

 Launched at the Syowa Station, Antarctica
» Level Altitude ~34.6 km
o 13 days flight
(Jan. 4, 2004 to Jan. 17)
HE (>100 GeV)
~5700 events, (0.02 Hz)
LE(>10GeV)
~22000 events, (3 Hz)
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Instrument and Flight in Antarctica

View of PPB-BETS Payload in Antarctica

CCD Controller LED  Light Guide Detector
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Basic Parameters of PPB-BETS

Detector Weight 200 kg including un-pressurized gondola
( Total Weight including ballast for 30 days 500 kg )
Power Consumption 70W supplied by solar batteries
Observation Altitude ~35 km controlled by auto-level system
Data Transfer Rate 2.4 kbps by the Iridium telephone line

(64 kbps by the telemetry to the stations)
Energy Range 10 ~1000 GeV by two modes of trigger
Geometrical Factor 550~600 cm?3sr by simulation (> 100 GeV)
Energy Resolution 12~ 16 % by plastic scintillators

Angular Resolution 0.35~ 0.6 degrees by shower image of SciFis
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PPB-BETS Detector "Imaging Calorimeter”

electron
BETS 280mm

Lead thickness
7.1r.l

XN—direetion

Scintillation Fiber

mms 5.6mm
Lead (Ir.l)

m Sm
Scintillator

Number of plastic scintillators
3

226.4mm

Maximum shower energy observed
without saturation in CCD
100 GeV

Telemetry

Battery _ _
Side view of the detector



Readout from SCIFIs

o SCIFI
— Light guide of optical fiber
— Image Intensifier (1.1.) & CCD

SCIFI_ belt

SCIFI Belt

Contact to I.1.

Light Guide

LI. & CCD




Conversion of CCD Image to Shower Profile in Detector

Raw CCD Image

F

50

103?E

SciFi Positions in CCD Image.

Reconstructed image in the detector space.
Colors represent the relative light yield in
each SciFi. The black line shows projected
shower axis.



Calibration by Accelerator Beams

CERN-SPS e Electron-Proton discrimination
- October 2001 * Energy Resolution
- Electron: 10 ~ 200 GeV + Detection Efficiency
- Proton: 150 ~ 350 GeV g Angluar'. Resolution
- Data Size
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Examples of CCD images

200 GeV electron 350 GeV proton



Energy Resolution by the Beam Test

Verical Bearmn & CERM2001

10* e —— Ty ————— = 25 o T
t e+ Beam test ,;,_,f-*’ ] -,
s Sir'['ll.jlﬂitﬂn _ ] “-mx
z — —55.7+19.4E"* : e % i
= = 1P ’i,i'ja i P e
o E g S 5l 1{ ]
- ’ = e
=2 t : e b
L5 . e B .9
= - ., 10¢ [ -
52 107 A ; &
2 ¥ @
£® o5 |
=z re+ Beam test
- Simulaiton i .
o L . . o Lo (10.9% + 52 (E100GeV)
10' 10° 10? 10° 10° 10°
Electron Energy (GeV) Electron Energy (GeV)

Dependence of energy resolution on
beam energies.

Energy Resolution ~12% @100GeV

Relation of pulse height and
electron beam energy @ 9 r.1.



Angular Resolugion (o) (deq)

Angular Resolution by Beam Test
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Selection of Electron Events

Reduction of proton backgrounds:

On-board Trigger by the 1st and 2nd levels
~ 95 % (1/20)

Selection of Contained Events in Detector
~ 90 % (1/10)

Shower Image Analysis > N | e 100GeV |
~95 9% (1/20) ol 7 experiment ) :
- - .. simulation i !
£ -
& A ]
RE parameter: S ] LiddiB ]
Energy Concentration 5.1 pZSOGeVE;i. |
in Shower " g = oL ]
within 5 mm from the axis OL e e TP B .
- 0.0 0.2 0 6 8 1.
Total
RE

Total Rejection Power of Protons: 0.05 x 0.1 x 0.05 = 2.5x 104 (~1/4000)



Effective Geometrical Factor (SQ)
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Event Trigger during Flight

Telemetry via satellite (2.4 kbps):
HE trigger mode (>100 GeV)

~1 electron/ h and 50 backgrounds/h

Telemetry to the stations (64kbps)
LE trigger mode (> 10 GeV)

~ 100 electrons/h and 2 Hz backgrounds
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Trigger and Data Transfer System

Direct telemetry
to Syowa Station

 Low Energy (LE) Trigger
— 10 GeV - 100 GeV
— 10 hours from launching

 High Energy (HE) Trigger

Storage to on-board disk

— 100 GeV -1 TeV

¢ 2nd Tl’lgger é Iridium satellite telephone

— Software trigger selected from HE

Satelite PPB-BETS

¥4 2.4 kbps
\ Telemetry
2 4 kKbbs Iridium Telephone = ! LE Trigger
Data i : P System >
Su’i : HE/2nd Trigger 2

Ground Syowa
NIPR Station Station
(Japan) === (US) (Antarctica)

phone
(9.6 kbps)




Examples of Observed Events
X,Y Image by CCD

Transition Curve

Shower Curve
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Electron Selection -Proton Rejection-

: | P
Proton Rejection Power: 060; Jpservedvents 1006LY
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Electron Selection -Gamma-ray Rejection-

Electron .

Cdndidate

Gamma-ray
Candidate

electron

iy ] 2@ m——— gamma ray

Events/bin

0 2 4 6 8 10 12 14 16 18 2‘0
Distance to the luminous fiber (mm)

Simulated distributions of the nearest
hit fiber positions from the shower axis




Data Analysis: Pulse Height Distribution

Pulse Height Distribution @ 7 r.l.
® ® : 2 sets of thresholds on HE trigger

| Pulse Hight Distribution |

Counts
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Observed Number of Events

Trigger Mode >100 GeV
3066 events

Trigger Mode > 150 GeV
1637 events

Expected Number of Electrons
over 100 GeV
~ 100 Events

More than one order of total
number of BETS observation
(4 events)



Derivation of Cosmic-Ray Electron Spectrum

NeCrpC
FG(E) — ( ;QTA];gCenh - Can)Catm

N,: The Number of electron candidates
Cre: Correction factor of proton contamination in the R.E. cut
with energy dependence (~0.76)
C.q Correction factor of gamma-ray contamination (~0.84)
C.n+ Correction of enhancement of flux due to
the energy resolution (0.97)
C,.q+ Correction of secondary electrons in the atmosphere
(1.36x10° (m2s-!sriGeV!) @100GeV)
C,im+ Correction of energy loss of primary electrons
in the overlying atmosphere (1.13)



ApJ 559, 973-984 (2001)
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Cosmic-Ray Electron Energy Spectrum
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Ratio of Observation to Isotropy

Arrival Directions of Electrons above ~1006GeV

Electron (>~1006GeV)
arrival directions in

Galactic coordinate with

a contour map of
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An excess of cosmic ray electrons at energies of

300-800 GeV
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Figure 3 | ATIC results showing agreement with previous data at lower
energy and with the imaging calorimeter PPB-BETS at higher energy. The
electron differential energy spectrum measured by ATIC (scaled by E*) at the
top of the atmosphere (red filled circles) is compared with previous
observations from the Alpha Magnetic Spectrometer AMS (green stars)”,
HEAT (open black triangles)™, BETS (open blue circles)™, PPB-BETS (blue
crosses)" and emulsion chambers (black open diamonds)**?, with one
sigma uncertainties. The GALPROP code calculates a power-law spectral
index of —3.2 in the low-energy region (solid curve)'. (The dashed curve is
the solar modulated electron spectrum and shows that modulation is
unimportant above 20 GeV.) From several hundred to ~ 800 GeV, ATIC
observes an ‘enhancement’ in the electron intensity over the GALPROP
curve. Above 800 GeV, the ATIC data returns to the solid line. The PPB-
BETS data also seem to indicate an enhancement and, as discussed in
Supplementary Information section 3, within the uncertainties the emulsion
chamber results are not in conflict with the ATIC data.
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ATIC Observations

Multiple flights needed to obtain necessary exposure
ATIC-1 during 2000-2001 — 14 days exposure
ATIC-2 during 2002-2003 — 17 days exposure
ATIC-4 during 2007-2008 — 19 days exposure

Flight path for ATIC-1
(2000) and ATIC-2 (2002)

ATIC-4 Flight path (2007-2008)




ATIC Instrument

Silicon Matrix

P + _— Charge Detector (Silicon Matrix)

Hodoscopes )
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S3 (Scintillator)

-<+—— BGO Calorimeter

BGO Calorimeter - 50cm >

Total weight :
~1,500 kg (3,300 Ibs),
Total power consumed:

< 350 Watts (including power conversion efficiency)

Balloon Alititude:
~36km
Geometrical factor :

0.45 m2 sr (calorimeter top) ~ 0.24 m2 sr (calorimeter bottom).



Typical (p,e,y) shower image from ATIC flight data

3 events, energy deposit in BGO is about 250 GeV
 Electron and gamma-ray showers are narrower than the proton shower

e Gamma-ray shower: No hits in the top detectors around the shower axis
proton electron gamma

Rejection power ~ 10-4
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All experiments show excess of
Electron flux around 300-800 GeV.
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PAMELA Observation of Positron Ratio
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PAMELA Data with KK-Dark Matter Expectations

positron fraction

BF~200:

which is consistent
with the electron
observations
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D.Hooper, S.Profumo/ Physics Reports 453 ( 2007) 29-115
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FIG. 3: As in Fig. 2, but from the nearby pulsar B0O6564-14. The solid lines correspond to an energy in pairs given by 3 = 10%
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Anisotropy Expected by Pulsars
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FIG. 5: The dipole anisotropy in the electron4-positron spectrum from a source 110,000 yvears old at a distance of 290 pc
(B0656+14-like) and from a source 370,000 years old at a distance of 157 pe (Geminga-like). In each case, we have normalized
the energy output to match the PAMELA data and have used a spectral shape of dN: /dFE; = EZ L5 axp{ —E. /600 GeV ). Also
shown as dashed lines is the sensitivity of the Fermi gamma-ray space telescope to such an anisotropy (after five years of
observation). The Fermi sensitivity shown is for the spectrum integrated above a given energy.
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Dark Matter Candidates
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FIG. 1: (a) The predicted positron fraction from Ay decay via the kinetic mixing with U{1)g_p.

(blue line) and U'(1)s (magenta line), compared with the experimental data [13, 14], including the

) ~ 26
recent PAMELA results [1]; (b) For U{1)g_y. case only, using different sets of parameters in solving L l fe O(lo sec)
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FIG. 2: {a) The predicted (e~ 4™} spectrum from Ay decay via the kinetic mixing with U{1)g_L

(blue line) and I7{1); (magenta line), compared with the various observational data [15, 16] includ-

ing the latest ATIC 2] and PPB-BETS [3] results. (b) For U{1)g_j, case only, using different sets

f parameters in solving diffusion equation



We clearly need more statistics (>10 times)
and high e/p experiments in space

Present Observation
O PAMELA

positrons ~ 230 GeV (20 cm?sr x 5 years~3.65 m2srday)
electrons by calorimeter
17 X, e/p separation < 104

O GLAST
electron anisotropy around 10 GeV < 0.1 %
CsT Cal. ~10 Xo poor energy resolution + rejection power over 100 GeV

Future

O Long Duration Flight with Polar or Super Pressure Balloon with better e/p
Separation
bCALET, ECAL, PEBS ... ~2500cm?sr 50 days

O AMS

O CALET



Flight Plan from Brazil to Australia in 2010

Dream of Flight
0" 30" 60" 90" 120" 150" 180° 210" 240" 270" 300" 330" 360"

0" 30" 60" 90" 120" 150" 180" 210" 240" 270" 300" 330" 360

Real Development of
Super Pressure
Balloon in Japan




bCALET-3 (CALET % Scale Model)

e Electron observation by super pressure balloon is expected for 50
days in southern hemisphere (Brazil-Australia) by the JAXA balloon

campaign.

e The total exposure of 11.5 m2srday brings us the data of electrons
over 100 GeV (in the amount of 7,000 events) up to a few TeV.

Detector Components

« Imaging Calorimeter
SciFi +PMT: 18,432ch

(512%x 18 lys. x 2)
W :4rl.

« Total Absorption Calorieter
BGO+PD: 120 ch
(12x10lys., 22.3r.L.)

« Anti-coincidence Detector

« Unpressurized Bessel

 Detector Weight: ~ 300 kg

« Power Consumption : ~200 W
(Solar cell + Lithium-ion

Rechargeable Battery )
« GPS + Magnetic Sensor
o Telemetry by Iridium System

512 mm

Anti Scintillator

—

IMC ( SciFi + Lead )

SciFi FEC

6 [ s )
e
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International Collaboration Team
( as of June 1, 2008)

Waseda University -

JAXA/ISAS :

Kanagawa University -

Aoyama Gakuin University -
Shibaura Institute of Technology -
ICRR, University of Tokyo -
Yokohama National University -

Hirosaki University: T okyo Technology Inst.:

National Inst. of Radiological Sciences : Rikkyo University:
Kanagawa University of Human Services : Saitama University:
Shinshu University : Nihon University:

NASA/GSFC:

Louisiana State University:
Washington University in St Louis:
University of Denver:

University of Siena and INFN:

University of Florence and INFN:
University of Pisa and INFN:

Purple Mountain Observatory:
Institute of High Energy Physics:



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

IMC: Imaging Calorimeter

TASC: Total Absorption Calorimeter

GBM: Gamma-Ray Burst Monitor
VSC: Visual Sky Camera
MDP: Mission Data Processor




IMC

o ]

FEC +
64 anode PMT

ty

SIA

« Silicon Pixe

Details of Each Component

Scintillating Fibers
(64 fibers = 1 unit)

Tungsten Prate
+

Honeycomb Plate

| Side Support Structure |

Front End Processor Units

ATCS Coldplate

TASC

CFRP BGO CASE
SUPPORT PANELS

SACS(ACD)

| Array x 2 layers ( Pixel ~1cmx 1cm)

« Charge resolution: 0.1e for p, 0.35e for Fe

» Segmented Plastic Scintillators for Anti-Coincidence



CALET Electron Observation

- Detection of Nearby Sources
Nearby Source Candidates
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Dark Matter Search by Positrons ( + Electrons)

Positron will be measured by

- PAMELA flying

- AMS will be launched on ISS

- CALET on ISS ( can not separate e+ and e-)
Simulation for 300 GeV KK DM

E32J (electrons m2s1 sr-1 GeV?)
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H.C. Cheng et al., PRL 2002.



Integral flux (photons cm™s™ )

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 Geometrical Factor (~0.5 m2sr)

® 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

1B p e e Energy Resolution
"-__ 5 sigma, 50 hours, > 10 events
- e EGRET S {-~5000cm?sr g = i i
: AMS Cal "3+, i _AGILE /CALET 102 E-— Gamma ray
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SUSY Dark Matter Search by Gamma-ray Line
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CALET Detector Concept

System Requirements

* Large Exposure for Low Flux : -
1000 m2 sr year (~1mZsr X 3 years) Detector Welght. 1450 kg

« Excellent Particle Identification: Absorber_ Thickness:  31r.l, ~1.7m.f.p
Large Mass + Multi-Channel Readout Geometrical Factor: ~ ~0.7 mr
Imaging Cal. x Total Absorption Cal. Power Consumption: 640 W

* Large Dynamic Range in Energy Measurement: Data Rate: 300 kbps
Large Dynamic Range Read-out System Mission Life: 3-5 years
High Energy Resolution

1200 mm

Sub-Components of Detector ;

896 mm

SciFi/W Imaging Calorimeter (IMC):

* Area: 90 x 90 cm?

e SciFi Belt: Imm square x ~1 m length
17 layers (x &y)

e Tungsten: 4r.l,0.15m.f.p

Total Absorption Calorimeter (TASC):
* Area : 60 x 60 cm?

*BGO Log: 25x2.5x30cm
6 layers (X & y)
e Thickness: 27r.l, 1.5m.f.p

Anti-Coincidence Detector for Gamma-rays (ACD)

Silicon Pixel Array for High Z and Particle ID (SIA)
Schematic Side View of CALET Detector
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Examples of Simulation Events

W4SciFi
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Launching Procedure of CALET

CALET

//w Aft RCS Thrusters

H-IIA Transfer Vehicle (HTV)

CALET launched by HTV

EF Payioad Earth Sensor
Water Supp ste

Non-rechargeable Battery

Forward RCS Thrusters

Pickup of CALET

7S

Launching of H-1I Rocket Separation from H-II

ALET



CALET Timeline

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

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

c Conceptual Design : Preliminary Critical Maintenance

;8 Mission Definitiony  Design Design Design &

= )

= | /\ Al FM Integration CALET
I (Review of progress) SDF{ Launch
3 - l Target
g Definition Phase <:|: ‘ Development Phase

Phase A/B 1 Phase C/D

= " R

2 BEM EM/PM "PEM/FM (system level)

g J

> FM

a (Int’l Partners’ Components)

1st round Utilization 2"dround Utilization

JEM-EF @
Utilization IflTVﬁi IfITVﬁ TV TV1

SEDA, MAXI(J) SMILES(J) TBD TBD TBD

ATV

(CALET)
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Summary

e Cosmic-ray electron energy spectrum above 100GeV
with PPB-BETS

— ~100GeV region: consistent with the extrapolation of
BETS

— 100GeV~1TeV region: consistent with ATIC and
ECC within statistical errors, considering energy
resolution

e Future plan

— Long duration ballooning will be carried out by a
CALET prototype detector for confirming the ATIC
anomaly

— The CALET will bring us a conclusion on the excess
of high energy electrons in 300-800 GeV, Dark Matter
or Nearby Pulsars

We sincerely thank to the crew of the Syowa station in Antarctica and Sanriku
Balloon Center in Japan for their excellent and successful balloon flights.



