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CALET Observation

Calorimeter (CALET/CAL) _ ———— L

e Electrons: 1 GeV - 20,000 GeV
* Gamma-rays: 10 GeV - 10,000 GeV
(6amma-ray Bursts: > 1 GeV)
* Protons and Heavy Ions:
several tens of GeV - 1,000 TeV
 Ultra Heavy Ions: % W Sl A A
over the rigidity cut-off i @ BRIl 8 apancse

Experiment
Module (Kibo)

Gamma-ray Burst Monitor (CGBM) | CALorimetric Electron Telescope | Telescope “a cALET ¢

* Soft Gamma-rays : 30 keV - 30 MeV
* Hard X-rays: 3keV - 3 MeV

Science Objectives Observation Targets

Nearby Cosmic-ray Sources Electron spectrum in trans-TeV region

Signatures in electron/gamma energy spectra in 10

Dark Matter GeV — 10 TeV region

Origin and Acceleration of Cosmic Rays p-Fe over several tens of GeV, Ultra Heavy lons
Cosmic —ray Propagation in the Galaxy B/C ratio up to several TeV /n
Solar Physics Electron flux below 10 GeV

Gamma-ray Transients Gamma-rays and X-rays in 3 keV —30 MeV



CALET Payload

) 7 ASC Items Specification
(Soft Gamma-ray Monitor) (Advanced Stellar Compass)
HXM — Mission CAL: Calorimeter
(Hard X-ray Monitor) . . .
‘ (Flight Releasable Equipment | CGBM: Gamma-ray Burst Monitor
3 Grapple Fixture)
_ Launch
= , HTV-5
(GP LJESF' rer) N CHD Carrier
b hete e (Charge Detector)
Launch
Target JFY 2013 (TBD)
[ Date
Mission
. More than 2 years (5 years target
Period y Gy get)
Mass 586 kg (Nominal) — 620kg (Max)
MDC .
(Mission Data Controller) Envelope Standard Payload Size
T Power Less than 500 W
B
(Imaging Calorimeter) Medium Data Rate : 300 kbps
TASC . | Data Rate
(Total AbsorptionCalorimeter) Low Data Rate : 20 kbps

CALET Detector System Support Sensor JEM/EF Equipment

Calorimeter: CHD,IMC, TASC+MDC GPSR

GBM : HXM, SGM ASC FRGF



Flux (m-2s-! sr-! GeV™)
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Electron and Positron Observation

Cosmic-ray Energy Spectra

10 R

Cosmic-ray
electrons

i
@ 5
) KN
N &
® o
oo ®

Cosmic-ray
protons

o

TATAY
L] A\. o
‘e o]
- F)
. /‘*ﬁ
* 4
* ‘@

a few electrons

/ cm? sr day

a few electrons
/ m2 sr day

l

)

10° 10 10?

10° 10* 10°

Kinetic Energy (GeV)

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)

April 27,2010

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

o Spectrum of electrons:

e softer than protons

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

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

RIKEN Workshop 7



e* Propagation

O —~ O ~
— f (t,g ,X): D(c. )Vf|lH——|be’f |H q(t,g ,X)
A e (D':f)' 8‘g‘e[ e ] ~_
THSIon Energy loss by Injection
b~10"°GeV's™ IC & synchro.
3
D(ge)~5.8><10280m231(1+ i j & B/C ratio
4GeV
For a single burst with g oc &,“ Power law spectrum
g.&.° a-2 ~(d/dgq )’
f=—hs (1-bte,) g {4/t ) 1

diff éEQ:LIt _
ddiff (t, ge ) ~ 2 I: D (ge )t:ll/ZAtoyan 95, Shen 70 bt

Kobayashi 03

April 27,2010 RIKEN Workshop



Electron & Positron Observation

Astrophysical Origin

Acceleration in PWN

Shock Wave Acceleration in SNR

Production Spectrum
(Power Law Distribution +Cutoff)

Propagation in the Galaxy
Diffusion Process
* Energy Loss

e 2 ERE W' (IN/dE o E-2exp(-E/E,) dE/dt =-bE?
TR #?K s :J-{)’:l}ﬁﬁgf 5 (Syncrotron+Inverse Compton)
\g- ' “._‘;Ln{: g o mt/- or K+/- - p+/- - e+/-
tiﬁﬁ;}‘ﬁﬁﬁ = = Z=+h
= rl.’ HaSJZUrce <f‘}(iflf?nl‘_f\—"\ ~.Observer
£ sxoof gaugto,, [ 0 SRS O N B R RS S R e
Tonm " RV
7 - oo i Z=-h
BF {&I#-JL-#—'— MASA PHOTO
Dark Matter Orlgln Evolution of the Universe
(1)
dNe p

Constitutes of
the Universe

Neutrino ;
0.3% -
Star ,
0.5% gy
Dark Energy & ef :
FRI A E— Dark Matter 4 Hydrogen. E
EERME Hglium L .
4% Annihilation of Dark Matter (WIMP)
Dark Matter .
28% (i)
Dark Energy ( i )
73% (iii)

COSPAR

July 21,2010

dE

Y

M, E

Production Spectrum

Monoenergetic: Direct Production of e+e- pair
Uniform : Production via Intermediate Particles
Double Peak: Production by Dipole Distribution
via Intermediate Particles



A Naive Result from Propagation

1 GeV Electrons 100 TeV Electrons
T (age) = 2.5 X 10° X (1 TeV/E) yr

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

GALPROP/Credit S.Swordy

1 TeV Electron Source:
W Age < afewl0°years
Very young comparing

11 u

~I Lh -LL!A" *MA:‘."_‘ 1 I‘E‘ ‘u

to ~107 year at low energies
B Distance < 1 kpc
nearby source

Source (SNR) Candidates :

- Dy=2x10"(cm?s™!)

Cygnus Loop

SN185 81?7 G65.3 /Gemlinga
AW | HB21 |
v —, Y

9 n
Vela Cygnus Loop Monogem £ v
_ R °
c
E [
[7)]
a N
\ Loop |
Mon.ﬂogem

Unobserved Sources?

i N !
L] o g Al

10° 10° 10* 10°

10°



Model Dependence of Energy Spectrum and Nearby Source Effect

£ {electrons m—2 st st GevY)

£ {electrons m—2 sl st GevY)

Ec=00, AT=0 yr, Do=2x10%°cm?/s

1ot :
o= er Rockstiah stal, [HadnH'TB:
B Goldanatal 1984
Da:lxlﬂ' I:CITI1 —I:| * Tang 1984
3 Goldanatal 1994
Bt " Ludi ® [obayashiet al. 19099
3 IStan m ponent exciuding * Boezio =t al. 2000 i
L rslxlﬂﬁ?and r=lkpc & DuVarnoks et al. 2001 E
! & Tarii st al. 2001
“ Aguilar etal. 2002
Vela
iy 3
Cygnus
10' ki 2 - Lmﬁ-ru.
1c” 10 10* 10* 10t 10’
Electron Ensrgy (GeV)
Ec=20 TeV
1ot : . : ;
E.=20TaV, t=0yr Rockstioh etal. {Radio) 197
- ® Goldanetal 1984
m:lxlﬂlgicm‘ s * Tang 1984
3 Goldanetal 1994
Bt " udi ® [obayashiet al. 1999
3 istant,com ponent excluding 4 Boazio ot al. 2000
La rslxlﬂ’o?and rlkpe & DuVernois st al. 2001
! & Torii et al. 2001
“ Aguilar etal. 2002
vela |
iy 1
3
C}'gnus%
i , X i
1c” 10 10* 10* 10t 10’

Election Enargy (GeV)

April 27,2010

£ {electrons m—2 sl st GeV'?)

E {electrons m—2 st st Gavh)

1t ; ; ;
=ca, T=0yT Rockstioh atal {Radia) 1TE
g B Goldanetal 1984
Do=5x10%emie ™y * Tang 1984
3 Goldzn atal. 1994
Diisstarnt " udi ® Kobayashist al. 19899
: IEIE ML ponartexciuding * Boazio etal. 2000
L0 I:-.lxlU’ExFand r=lkpe s
a8
-

Do=5 x 102° cm?/s

Duvearnois ot al. 2001
Tarii st al. 2001
Aguilar etal. 2002

«— Vel
iy 3
Cygnus
10' P bobd - - e FRrEeN . !-clx,IF:ll-
1" 10 1* 10* 1ot 10’
Electron Energy (GeW)
Ec=20 TeV, AT=1-10%yr
1ot ; ;
E =20TeV, r=0—l:<ll:]4yr Hod&'stluhatal {Radia} 1'TS:
- ® Goldenetal 1984
Dp=2x10%ems™) + Tang 1984
3 Golanstal 1954
Distant i udi ® Kobayashiet al. 19899
3 I5tan mponent excluding « Boazio st al. 2000 |
g Tilxlﬁﬂ"d r=lkpe # DuVernois =t al, 2001 E
Y & Toriistal. 2001
“ Aguilar etal. 2002
Nela
1o i .
Cyanus
10' itk nk s LCEC:F:..—_
1 1! 10* 10* 10t 10

Electron Energy (GaV)

Kobayashi et al. ApJ (2004)

RIKEN Workshop



New Calculation for SNR Origin
S.Profumo arXiv:0812.4457v2 28 Apr. 2009

AEMEAAAY LLLPUPNLL D0 BEE. F ML U BASSULLLLEEE LLIL LY 4 LLIUMELE.

Name Distance [kp]  Age [y1] E [ergs/s] Eom |8T] Eout [CCY] Eowe [HR] Eoue [£0]  fo2 a
Geminga [J0633+1746] 016 342 x 105 32x 10 0.360 0.344 0.013 0.053  0.005
Monogem | | 0.29 111 % 10% 3.8 x 10° 0.044 0.006 0.020 070
Vela [B0833-45] 0.29 113 = 100 6.9 10 0.084 00015 0.14
B0355454 110 5.64 % 10% 4.5 10 1.366 02 061
Loop 1 [SNR] 017 2 % 108 0.3 0,006
Cygnus Loop [SNR] 0.44 2 % 104 0.01
T 1T 17T I T T T T LI T T T T T T 1T
| o=2, MED diffusion setup, ST model
i E S { % } 1
— x ’
- { } ; d ']
- 4 i b3 ) ]
-, 100 - } ; Vela~ 3
'E B 3 ]
L - i 4 . -
= B Geminga A //
= — = v S i
= = FAvy
s r i { 1
- y
" Monogem o
SN
10 ; L -
o | / ]
o | ]
C . b ]
i / B03ss+s ' ' i
J ! /
L1 | -'J’I I . 1 1 1 1 11 | II | / L 1l 1 1 | I
100 1000 10000
Energy [GeV]

FIG. 4: The spectrum of selected nearby pulsars and SNR's (for the parameters employed to
caleulate the fluxes see tab. II). We assume an = injection spectral index o = 2, and a median
diffusion setup (MED). The dotted lines correspond to injection spectra featuring an exponential

cutoff at E.. = 10 TeV.

Electron + Positron

April 27,2010 RIKEN Workshop

Source Candidates

0.1

Positron Fraction

T T TTTTTT T T TTTTIT | T T TTTTIT
I a=2, MED diffusion setup, ST model 7
B B353+54, Velg |

ﬂﬁ"’

H A~
Monogem (B0656-14y"
I s

o s

P
e
“f"\‘ { —

/ g | ]

——
A
i
i/

-\--\"\-_\_\_\- f-'lll
001 ) el _|
C L1l Lol T 1]
10 100 1000 10000

Energy [GeV]

Positron Ratio

FIG. 5: The positron fraction for the same sources as in fig. 4 and tab. 1L
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Observed (e*+e )Spec’rr'a (as of 2008) & e*/ (e*+e ) Ratio

1,000

100

E°dN/dE, (m™s™'sr™'GeV?)

o

J. Chang et al. Nature (2008)

e
=

Positron fraction ¢(e*) / ( o{e*) + o{e‘) )

o MLP+BDTD
(+data, no pre:
|mproved knowledge of detectors)

X HEAT (triangles)
BETS (circles) PPB-BETS (crosses)
Emulsions (diamonds) ATIC (red circles)

10

0.02

107
Energy [GeV]

10

100 1,000

Energy (GeV)

* If we assume the power law spectrum
(with y=-3.3) calculated by GALPROP,

* The positron ratio observed by PAMELA
presents unexpected increase over 10 GeV.

an excess of (e*+e’) is seen in 300-800 GeV., This increase can be understood if

* The excess might be contributed from

exotic sources:

the positrons are created by Nearby Pulsars
Nearby Pulsars or WIMPs. or WIMPs in addition to secondary process.

April 27,2010

N~

Both anomalies from same reason ?
To identify the reason, Anisotropy in (e*+e") and
e*/(e*+e”) over 100 GeV are indispensable.

13




ICRC2011

© o
w

o
N

Positron fraction ¢(e*) / ( d(e*) + o(e’) )
o

Moskalenko and Strong, ApJd 493, 694 (1998}

PAMELA ApP 2010

0.02

Assop (Clem & Evenson 2007)
HEATOD
AMS

CAPRICES4

0.01

HEATS4+35 K

T893 K.

masses -

MI]“EIrﬂTEIr‘Ig1sET rr ......... '\ ...... : : H : teed : :
| I — ——— i Pooiqiqiql i i

|
1 10 10°
Energy [GeV]

He o « > 4 80 % @

0.005




ICRC2011  Geomagnetic field + Earth shadow = directions from
which only electrons or only positrons are allowed

90° longitude

events arriving from West:
e* allowed, e blocked

L —

N o Ee- T
§8 o 0° longitude- .

180° longitude [ ,5

events arriving from East:
e allowed, e* blocked

e For some directions, e or e* forbidden
e Pure e’ region looking West and pure e region looking East
 Regions vary with particle energy and spacecraft position

e To determine regions, use code by Don Smart and Peggy Shea (numerically
traces trajectory in geomagnetic field)

e Using International Geomagnetic Reference Field for the 2010 epoch



ICRC2011

Final results: positron fraction
10 . . I |
—-— Fermi Preliminary

| —e— PAMELA 2009
| —8— AMS 2007

| — % HEAT 2004 _+_ %#
10 L*Tt#:%‘}— ;

10 10
Energy (GeV)

Positron Fraction

* Fraction = ¢(e*) / [p(e*) + ¢(e’)]
e We don’t use the both-allowed region except as a cross check
e Positron fraction increases with energy from 20 to 200 GeV

Justin Vandenbroucke: Fermi LAT positron

ICRC 2011, Beijing spectrum



Then, excellent observations of (e*+e”) in statistics are carried
out by FERMI-LAT and HESS, and a new era of electron
observation is opened probably by indicating a flattening of
energy spectrum and a sharp cut-off over 1 TeV, respectively.

F.Aharanian et al. arXiv:0905:0105

CRE sPEcTRUM FROM 20 GEV TO 1 TEV

suBMITTED TO PRL oN MARcH, 19TH AND ACCEPTED APRIL, 21sT 2009 ‘:: |
W
. . i) 4
L o :?I?.‘.—(%OZO%;UOE) Tang et al (1984) “m i ‘1 { 0
. % era_aets (2008) * Ko obayashi (1999) E } AE+15
7 HESS (2008) ¢ HEAT (2001) 4 |
| @ FERMI (2009) & BETS (2001) ] + 5% - = L F
o Ae/E= 10% 4 n A el 3
- % % E ) n i { Fw g
0 £ ¥ ¥ } ;u-" i o A
O I ﬁ% } ¥ ~ | 2 t
£ pFs ft T Z10°F .
> ﬁ } ad] B Y
0 S =S 1 w
e e . i
— 100 7 i ]
Ll i | ] B
= L [ & anc {
L 1 1 - PPB-BETS +
— - — - diffusive model based on prg—Fermi data | B E ECE'E;“;&“ "
L . L L | H.E.5.5. - low-energy analysis
|:| Systematic emor
10 100 1000 [ Systematic emor - low-ensrgy analysis
E(Gev)y || = Broken powerlaw fit
. Bregeon (INFN-Pisa) TANGO in Paris - May 4, 2000 8/ 32 [ | | L1 1 1111 1 | 11

3
10 10 Energy (GeV)

I really appreciate their efforts to derive the electron spectrum

in unexploded region.

April 27,2010 RIKEN Workshop 17



ICRC2011
Currently available results on high energy CRE

—— IIIIIII T T IIIIIII T IIIIIIII T T T
iy |

1000

1
[~ & Kobayashi (1993) O AMS (20402), o only i ]
— A CAPRICE (2004]), a- only B ATIC (2008) ® Fermi (201 D} —
— % HEAT [2001) *  PPB-BETS (2008) =
— O BETS[200) ¥ HES.S (200808 .
— @ PAMELA[2011), s- only —

Flux J(E) xE® (m?ssr'GeV

I H—*'1—'|||||

10 100 1000
Energy (GeV)

Fermi LAT results:
e PRL 102, 181101, 2009 reported the spectrum from 20 GeV to 1 TeV, taken in the first 6 months

of operation. Total statistics 4.7M events. Most cited Fermi LAT paper so far (over 450 times)

* PRD 82, 092004, 2010: spectrum from 7 GeV to 1 TeV, collected in the 15t year. Total statistics

7.95 M events. More than 1000 events in highest energy bin (772 — 1000 GeV)

Alexander Moiseev 32th ICRC

August 11, 2011 18



ICRC2011

Adriani et al., Phys. Rev. Lett. 106, 201101 (2011), arXiv: 1103.2880

Fluxx<E® (s sr'' m?2 GeV?)
2

10

PAMELA
HEAT94+95
AMS
CAPRICE94
MASS91
ATIC
Kobayashi
BETS
Fermi
HESS

J\

— et + e

o

—a—

lT-{%H

100 20

100020

Energy (GeV)



B (electrons m ‘gl gr! G&U:]

Electron Observation for Nearby Sources

Energy (GeV) Primary e e from Vela
500600 1168 54 Conditions applied:
600-800 1235 239 Electron efficiency = 70%
Proton rejection factor = 10°
800-1000 501 168 Geometrical factor = 0.12 m’sr
OIS0 =T s Exposure time = 5 years
1500-2000 146 134 || | Primary electron spectrum from Fermi data with Hess
cutoff:
2000-3000 99 134
I(E) = 185% (E/1 GeV/ ™ ¢ B34TV Gyt 2 gl g 2
3000-4000 23 51
20005000 = 53] | Vela spectrum from Astro-ph/0308470v1. Kobayashi
etal., Figure 4 Top
5000-7000 5 22
7000-9000 1 7
>9000 0 3
Expected Flux
> 1000 827 644
I.{:Ii - T T T T
F E.=20TeV, r=3x10%r Golden et al. 1984
¢ T + Tang 1984
.D(,=lx][]"q{cm"s" B Golden et al. 1934
* Boezio et al. 2000
& DuVernois et al. 2001
0 | Distant component excluding v Torii et al. 2001
F T=Ix10°yr and r<lkpc 4 Aguilar et al. 2002
#* Chang et al. 2008
i @ Tori et al. 2008
[trgiig b-tm. :]"*CF* * Kobayashi et al. 2003
e X 5_ e CALET (5yr)
. o : % |I' __.I,' 3
107 7 ol ”Jf"w#eﬁ :,',' + :
x AR R § O 2
1
[ | | i * --r* \
el Cygniss Loop Vel
i Monogem YO 2208, Vela
W
l{:|| - 1 I 1 - 1 - : ] 1 ) ] .
1" 10 10 10 10 10

Electron Energy (GeV)

Anisotropy A(>E)

1(6)/ (E>500GeV)

10°

107 }

107

1.100

1.050

1.000

0.950

0.900

Expected Anisotropy
from Vela SNR

Ec.= o=, =0yr
Do=4x10"(cm?s1)

~10% @1TeV

o o e e e

10%

10°
Electron Energy (GeV)

E .= o, T=0yr
Dy=4x10%(cm?2s-1)

150

100

50 0 -50

Galactic longitude (deg)

-100 -150



ICRC2011 . Ackermann et al., Fermi LAT
CR Electrons Anisotropy Collaboration, Phys Rev D82, 092003,

2009
v Search for CR electrons anisotropy provides an information on:

prxmap * Local CR sources and their distribution in space

n o \\
. S
iy LE
v )

e propagation environment

* heliospheric effects

* presence of dark matter clumps producing e* e

v" Result:

* More than 1.6 million electron events with energy above 60
GeV have been analyzed on anisotropy

e Upper limit for the dipole anisotropy has been set to 0.5 -
5% (depending on the energy) e

*Upper limit on fractional
anisotropic excess ranges
from a fraction to about one
percent (depending on the

102

Dipale Anisotropy

minimum energy and the 10° P L
anisotropy’s angular scale) w0 e

Minimum Energy (GeV)
e Our upper limits lie Dipole anisotropy vs. minimum energy. Solid

roughly on or above the line: Galprop spectrum, dashed line —

. . . Monogem, dotted line — Vela
redicted anisotropies 32th ICRC ’
P August 11?2011 Circles: Fermi LAT 95 % CL data’



E%J (electrons m2 s~! sr! GeV?)

—
=

[S¥]

Electron (+ Positron) from Dark Matter Annihilation

(M=620GeV)

d

Expected energy spectrum
from Kaluza-Klein Dark Matter

[
e
)

-~ CALET (2yr)
- SNRs origin

Kaluza-Klein dark matter origin
— Sum of SNRs and K.K.D.M.

—
o
S

1,000 F - .
& I i
g | Chang et al. (2008) /
Tl ) .
o ——

‘\_ .._‘_-_- _¢_'+' .. -
« 100 | TTee el v
E ‘ :
Luw \
g |
S
E"im >—
w

10 aal s

10 100 1,000

- CALET (2yr): KK-DM of 620GeV with BF=40

l.g..
Seees, o
880 ge

2 years (BF=40)
or 5 years (BF=16)

i -

10? 10°
Electron Energy (GeV)

E*J (electrons m-2 571 sr-1 GeV?)

Boost Ea"é’tor ~200

10°
Electron Energy (GeV)

10*

10°

Expected e +e* energy spectrum by

CALET in case of the ATIC observation

Dark Matter detection
capability by CALET

22



Electron and Positron from Dark Matter Decay

Decay Mode: D.M. -> I*l-v
Mass: My =2.5TeV
Decay Time: 1oy = 2.1x10%6 s

Expected e+e* energy spectrum
- by CALET observation

0,050+
l ® CALET (2yn)
- % h%;
Expected e*/(e-+e") ratio by a © 000 1 ‘
theory and the observed data g incegmi s .
"£0.010 Sl [T\"
0.20¥ LqO.OOS—
~0.10f % f JF ,
$ i —N— iﬁf 1
Sos] R - Energy [GeV]
00} Observation in the trans-TeV region
L _— - m=) Dark Matter signal
1 5 10 50 100 500 1000

Energy [GeV]

Ibarra et al. (2010)
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Electron Observation (5 years) - Astrophysical Model-

KK DM(At=0) vs SNR type (At=10° year)

April 27,2010

A

1000 ¢ T —— ] 1000 ¢
I ATIC +——a—1 1 "
_ H.E.S.S(08) —=a— 1
® CALET Observation PPB-BETS —&—i ]
N Fermi —e—i | T
© H.E.S.S.(09) —8— >
o ] O
% '
T, 100 W, 100}
E £
£ £
I g
m —— SNR Type 2
10 :— ] 10
il il L1
10 100 1000 1000
Energy ¢, [GeV]
In 4 tin4
tot
age=5.6x105 yr, Q () 0= == p(— - j
0 0
— 50 R
E.=1.7x10°" erg, < |
spectral index=1.7
\
\

;op

SNR Type vs Pulsar (At=3 X 10° year)

ATIC —a—i ]
H.E.S.S(08) a1 -
PPB-BETS —=— ]
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® CALET Observatuib

H.E.S.8.(09) & 1 |
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—— SNR Type
10 | I:IOO | ’1I000 | l1.(l)000
Energy ¢, [GeV]
Pulsar Type (t?)
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E? dN/dE [MeV cm™®

Diffuse Gamma-Ray Observation

|b|<5 deg. Inner Galaxy

Simulated CALET gamma-ray all sky map
for 3yr (>10GeV)

Gev ?

Vela pulsar

EUlen’s s

Detection limit of Galactic
diffuse gamma rays

Ak [ i B L B B B e L B
0 F 1
| /""ﬁ. PRELIMINARY -

™ |

e CALET Geminga
| S 3 pulsar

Extra-galactic diffuse
gamma-ray spectra



Extragalactic Diffuse Gamma-rays from Dark
Matter Decay

Decay Mode: D.M. -> I*I-v -
Mass: My, =2.5TeV
Decay Time: 1oy = 2.1x10%6 s

1x107
5x107°F

[(cm:stl s)_chVJ

E*dJ/dE
X
S

1x10°%

|

11070 S
<107F

Sx10

" EGRET +: Fermi-LAT
@®: CALET(2yr)

et

ol 1 10 100 1000
Energy [GeV]

Ibarra et al. (2010)

Extra-galactic diffuse
gamma-rays

Extragalactic background

+
Gamma-rays from inverse
Compton scattering of the
electrons and positrons from DM
decay with the inter-stellar and
extragalactic photons

+

Gamma-rays from DM

Observation in the sub-TeV
region
mmmm) Dark Matter signal

26




Gamma-ray line from Dark Matter

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

mmss) Gamma-ray Line

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

15

2yr (BF=5)
| or 5yr (BF=2)

10

Photons/bin

. . 200 300 400 500 600 700 800 900 1000
Excellent energy resolution with CALET Gamma-ray Energy(GeV)

(2%:10GeV~10TeV)
Expected gamma-ray line for

‘ Detection for gamma-ray line due DM (m=830 GeV) annihilation
to DM annihilation or decay by CALET observation

(ref. Bergstrom et al. 2001)




Proton and Nucleus Observation (5years)
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ICRC2011

CREAM Results showing hardening of spectra around 200 GeV/n

TeV spectra are harder than spectra < 200 GeV/n Discrepant hardening

m 105 - . = I "S-
: | Ahn et al. (CREAM Collaboration), ApJ 714, L89, 2010 O ATIC2
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The hard spectra do not continue > ~20 TeV




(CRC20L PAMELA proton and alpha spectra

Science 332 (6025): 69-72 (2011)
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Justin Vandenbroucke: Fermi LAT positron

ICRC 2011, Beijing spectrum
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TRACER

New Measurements: Boron to Carbon Ratio

All data.

» Dotted Line

Extrapolation of E- %6
from fit to data below
100 GeV / amu.

Next talk by Obermeier.

B/C ration up to 1TeV/n

CREAM

BIC ratio

107"
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Level of Atmospheric Production
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10" 1 10 10? 10° 10
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What is the history of cosmic rays in the Galaxy?

Ahn et al. (CREAM collaboration) Astropart. Phys., 30/3, 133-141, 2008

Measurements of the relative
abundances of secondary
cosmic rays (e.g., B/C) in
addition to the energy spectra
of primary nuclei will allow
determination of cosmic-ray
source spectra at energies
where measurements are not
currently available

First B/C ratio at these high
energies to distinguish
among the propagation
models

X, xR’
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(1A)

CALET System Configuration

SUPT(HR—bELH) FRGF PIU
| ASC-CHU(RZ—tHhAFAYKRE) |
__ GPSRANT(GPSTYF+) -

CIRC
i (HhERER R AR FRSMRDAT)
MDCEvi 3 F—42MEEEE) =
T CGBM (Hy T#/ S—AFE=S) \
CAL(hOY—X*—%) ( GBM-EBOX )
| CHD(B %) S SoMmTgE=s)  FMEEE=R)
L IMC(HA A=A R —A—5) | 5 —
- TASC(ERREAOY—A—5) FEEBRFOIL T4 ¥aL—2avThHb.

Total Mass of Payload : 586 kg (Nominal) — 620kg (Max)

[ Detector: Calorimeter, Gamma-ray Burst Monitor (HXM, SGM) + MDC
[ Support Sensor: Advanced Sky Camera, GPS
[0 Additional Sensor: Compact Infrared Camera for Earth Observation (CIRC)



CALET/CAL Instrument

450 mm
CHD-FEC PMT = SciBar
= / Expected Performance
FEFEFL—F ) } CHD ( from Simulations and/or Beam Tests)
- [ —~ [ \n [ I‘a [ L [ ;I_ [ G\/I [ ;\ \I!.;‘ . SQ

VA Chip Assy . N 1200 cm?sr for electrons

Wo-FeC / - mesmetne - > |MC 1000 cm2sr for gamma-rays
IMC Panel /’/ 1 ° AE/E -

7 SciFi< o) 3
afew % (>10 GeV) for e,y’s

il
ITTT

71

TTTI

~30 % for protons
e/p separation : 10°

PMT

|
| : >~ TASC _
3 oo | TAIAT S * Charge resolution: 0.15-0.3 e
| T  Angular resolution : Preliminary
PD/ AP
I 0.24-0.76 deg. for gamma-rays

TASC Structure

BASE PANEL

N\
Shower particles

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

Function Charge Measurement (Z=1-40) Arrival Direction, Particle ID Energy Measurement, Particle ID
e SciFi : 448 x 8 layers (x,y) = 7168 PWO log: 16 x 6 layers (x,y)= 192
: X
?f;sbosrorber) LPJIr?iS:ctlscizsec-lI;tzl:qlfr::):('l(%:qmmls?:qen:(X'y) Unit size: Immsq x 448 mm Unit size: 19mm x 20mm x 326mm
’ Total thickness of Tungsten: 3 r.l. Total Thickness of PWO: 27 r. I.
Readout PMT+CSA 64 -anode PMT+ ASIC APD/PD+CSA

PMT+CSA ( for Trigger)



CALET Shower Imaging Capability (Simulation)

Gamma-ray 10 GeV Electron 1 TeV Prqton 10 TeV

T

Proton rejection power of 10° can be achieved with the IMC and TASC shower
imaging capability.
Charge of incident particle is determined o AZ=0.15-0.3 with the CHD.




Balloon Experiment of the CALET Prototype (1/4 - Scale of CALET) in 2009 , bCALET?2

Schematic Side View

bCALET2 Detector

§2

Example of Observed Electron Candidate
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300mm
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CERN-SPS Beam Test of the Scale-model

of CALET in 2009, 2010 (2011)

Configuration of Detector
Ex.) Positron 10GeV

CHD: 30 x 450 10 mm

TASC:

S2:10x10%2 mm

IMC : SciFi 32 Fiberx 8 Layer

, Acrylic Plate

PWO 2 Log# 8L.ayer

|f'space between'|

\ SciFilayers /

Experimental results of energy deposit by
10 GeV e, compared with GEANT4 and EPICS
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3.1 CGBM instrumentation — Sensors —

» 2 Hard X-ray Monitors (HXMs) HXM
e LaBry(Ce) ($66 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

* 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




2. GRB observations with CALET (I)

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 deqg.(~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)




normal GRBs with CGBM and MAXI/GSC (2—30 keV).

2. GRB observations with CALET (I1)

e Study of X-ray flashes (XRFs) and low energy portion of

10-75 T T T T T T T T T .‘...,é
I ?‘Vé e XRF ]

e -8 :?iﬁﬁ%) “* |
o 107¢ XRF 971019 3
o L (Kippen et al. 2002)
E C( BI\/I —
SMAK| ey oo ‘Normal C;RB
ks 10_6 E H‘:-f;'_ K :;,.bc
- ; 7 GRB980123  MAet— =

107 & e (Briggs et al. 1999) —pri—g=—

10-8_ Lol C ol Lol Lol L

10° 10 10° 10° 10* 10°

Photon Energy (keV)

e Study of absorption features
at 20-30 keV seen by Ginga/GBD.

e The CGBM effective area is comparable to that of

Ginga/GBD (~60 cm?).

100

Effective Area (cm?)
'~
S

o
o

-y
o

o))

HXM

SGM V]

<

> ]

/ keV ZO\MeV

101

102 105t 104

Energy (keV)

We will expect to detect -40

GRBs/year by HXM and -80 GRBs/year by SGM.



CALET Performance for Electron Observation

Geometrical Factor (Blue Mark) Detection Efficiency
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B Event Selection

We select the events of which shower axis pass through;
(1) CHD (for nuclei)
(2 4th layer of IMC
(3 top layer of TASC
@) length in TASC (>27X, : thickness of TASC)

INEF/ AP NN

(protons and nuclei) To avoid energy leakage effects, we select the T_:- 27X, B Ratio of Flux é::;__—-——"———-——_._l"l
events with the first collision above the second TASC layer. e:p=1:100 @106eV ,ﬁ::? |10 L
_ o ) e:p=1:1000 @1TeV z“—_““-ﬁw
| Trlggt_ar' EfflClB_!ﬂC 4|“—L. Geometric Factor = Requirement for proten contamination: Ew“:r R A —
In the high energy region over (Electrons) 1200 cm? sr ~1% at 1TeV (rejection power: ~10%) 1“f' T
threshold, the efficiency for electrons (6amma Rays) 1000 cm?sr B The Method of Identification ot

" w

is almost 100% while that for protons
is about 20%: The HES selects
showering electron events and rejects

"Enurn! I!Gnu]‘

Assuming the simple extrapolation of Flux of Electron and Proton (G2

the electron spectrum by Fermi,
CALET can observe about 1000 electrons

We distinguish electrons and protons from the
difference in shower development in TASC.

non-showering proton events very over TeV region with a 5 year exposure. o Energy Weighted Spread R- e
efficiently. . The lateral distribution of the Ry = JLE(LJ'ﬁEe.; % Rf)
g | | B _Angular Resolution electromagnetic shower is narrower DTG | -
é . T e (Electrons) 8,5 : 0.26 ~ 2.0 deg (1~10GeV’ than that of hadronic shower due to X, AE, ; . E;(ﬂﬁe.; x [ —x;.0) )
Ly B, : 0.13 ~ 0.26 deg (>106eV) the spread of the secondary hadrons. | fr = 5.5, 46, = ~l| T8k,
”:_ :‘ | (Gamma Rays) B¢s : 0.24 ~0.76 deg _-rhEnerg";_ ch'rt'or;_FEh devel AE,; : the energy deposited in the ith layer and jth PWO
0a] / ' P : P ; PP € eleciromagnetic shower develops s : the coordinate of the center of th layer and jth PWO
: LA | The incident direction is estimated by fitting | ,qrfior than the hadronic cascade shower|| - - ihe courdinato of the shower ax in e fh fayer
02 shower axis in IMC. Besides incident directio i J
' the precise track reconstruction is important

1 10 107 10 10
Trigger efficiency by HES

B Energy Resolution

for particle identification of electrons and
gamma-rays.

Scatter plots of Rg vs. Fg

The classification by the geemetry of the shower axis provides
effective separation because the distribution depends on the geometry.

B Estimation

O Protons and Nuclei

0O Electrons and Gamma-rays Electrons: 1TeV

Protons

Al
.ié..
o .
e
lo |

The energy resolution for protons and

CALET, with its thick calorimeter (~30.),

provides excellent energy resolution, ~2%

(>100G6eV) It enables us to detecta
distinctive feature in the enerav snectrum.
5
~ 18 i
g i = Eloctrons
d; e < Gamma-rays
E 12
10|
8
j ‘50183
Py H—‘—-—c-__l_*
ﬂ,...: :0 |u? 10-‘ aisaaul

1
Eq[GeV)
Energy resolution for electrons and gamma-rays

nuclei does not depend on incident energy
For heavy nuclei like Fe, the energy
deposit in the calorimeter is dispersive
because the number of n%'s produced
depends on the collision targets.

If we select events of which the first
interaction occur at the top layer in TASC
the energy resolution becomes better.

Energy resolution for nuclei [%)]

Fe (collision at
1st TASC layer)
30 20 17 25 17

:1~1000TeV (E-27dE)
Generated event number:

1.6x10°
-

Electrons:95% eff.
Protons :4 events
= 2.0x10%(90% C.L.)

Enargy Fraction
Enargy Fraction

/
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. i
Enargy Fraction

19K Bipetron - 0°E Ewetron
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e e

3 2 E]
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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.

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 10°, and does not depend
largely on energies .

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

mm) Calorimetric Electron Telescope (CALET) is proposed.
42



Why we need CALET

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

FERMI Electron Analysis

Geometric Factor depends
strongly on energy

F: 3.5 0.35 g
T Geometric Jos B
5 °F -
g o arvTvree., Factor 12
o 25— T —0.25 8
g £ " - . §
§ 2 " T 2 F
e £ - ++“?‘+H+ 7 =
15 L - —0.15
1; 4 -~ . . a
E .~ Residual hadron 1
054 contamination oS
G_ e S v
10° EnerJyU:MeV)

Full width AE/E

Expected CALET Performance

Geometric Factor is constant up to 10 TeV
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Proton rejection power depends fully on
simulation by using different parameters
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Comparison of Detector Performance for Electrons

CALET is optimized for the electron observation in

performance is best also in 10-1000 GeV.

the tran-TeV region, and the

Detector Energy Energy e/p Selection Key Instrument SQT
Range Resolution Power (Thickness of CAL) (m2srday)
(GeV)
PPB-BETS 10 -1000 13% 4000 IMC ~0.42
(+BETS) @100 GeV (> 10 GeV) (Lead: 9 X, )
ATIC1+2 10 - <3% ~10,000 Thick Seg. CAL 3.08
(+ ATIC4) a few 1000 ( >100 GeV) (BGO: 22 X,)
+ C Targets
PAMELA 1-700 5% 10° Magnet+IMC ~1.4
@200 GeV (W:16 X,) (2 years)
FERMI-LAT 20-1,000 5-20 % 103-104 Tracker+ACD 300@TeV
(20-1000 (20-1000GeV) + Thin Seg. CAL (1 year)
GeV) Energy dep. GF (W:1.5X,+Csl:8.6X,)
AMS 1-1,000 ~2.5% 104 Magnet+IMC ~200(?)
(Joss capusility (Due to @100 GeV (x 102by TRD) +TRD+RICH (GYEED)
n il medel) Magnet) (Lead: 17X,)
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ICRC2011

AMS: A TeV precision, multipurpose particle physics
TRD spectrometer in space.

Identify e+, e- Particles and nuclei are defined by their TOF

_ charge (Z) and energy (E s P)

Silicon Tracker

E ofe+ e,y

=
=

Z, P are measured independently from N i
Tracker, RICH, TOF and ECAL g e

TRD+ECAL: 0.09m? sr TRACKER: 0.4m? sr => 0.09m? sr
(for current magnet)




Calorimeter Thickness: 17 X,
=> Energy Leakage over 50 GeV

Energy linearity (leakage correction) ‘Measured energy-Beam Energy
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Launching Procedure of CALET

Propulsion Module
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CALET Attach Point in Japanese Experiment Module #*A
(Launching Schedule in 2013 by HTV5)




NASA Link
Real-Time Connection
>50 % (max. 17 hr/day)
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Summary

B CALET is a dedicated detector to electron observations in the
trans-TeV region, that will provide crucial information on
nearby sources and dark matter .

® We have successfully developed the CALET instrument based on
out experience of balloon-borne instruments (BETS, bCALET) and
beam tests of CALET proto-type detectors.

® CALET has the capability to observe electrons up to 20 TeV
gamma-rays from 10 GeV to 10TeV , protons and heavy ions from
several tens of GeV to ~1000 TeV, and ultra heavy ions to an
accuracy better than present balloon payloads.

® The CALET project has been approved for launch with a schedule
in 2013 (or 2014) JFY by HTV-5 to the Japanese Experiment
Module (Kibo). The project is currently in the final phase of
"Preliminary Design Study” .
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