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CALET Observation Targets

Calorimeter (CALET/CAL)
 Electrons: 1 GeV - 20 TeV
« Gamma-rays: 4 *GeV - 10 **TeV
(6amma-ray Bursts: > 1 GeV)
« Protons and Heavy Ions:
10's of GeV - 1,000** TeV
* Ultra Heavy (Z>28) Nuclei:

E> 600 MeV/nucleon
(* 50% efficiency, ** statistical dependent)

Cosmic Ray Sources

. Japanese
Experiment
Module (Kibo) W

CALET

Gamma-ray Burst Monitor (CGBM)
* X-rays/Soft Gamma-rays:

A Detector Dedicated to Electron
Observations 16eV-20,0006eV

7keV - 20MeV "
Science Objectives Observation Targets
Nearby Cosmic-ray Sources Electron spectrum into trans-TeV region

Signatures in 10 GeV - 10 TeV electron and gamma
energy spectra

Dark Matter

Origin and Acceleration of Cosmic Rays p-Fe above several tens of GeV, Ultra Heavy Nuclei

Cosmic-ray Propagation in the Galaxy B/C ratio to several TeV /nucleon
Solar Physics Electron flux below 10 GeV
Gamma-ray Transients Gamma-rays and X-rays 7 keV - 20 MeV
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cGBM/ FRGF( Flight
SGM Releasable
Grapple Fixture)

CGBM/
HXM

ASC (Advanced
Stellar Compass)

CAL/CHD
GPSR
(GPS
Receiver)
O Launch carrier: HTV-5 MDC (Vission
O Planned location: JEM Port 9 Data Controller)
O Launch target date: FY 2014 T
O Mission period: More than 2 years CALITASC
O Data rate: (5 years target) O Mass: 650kg (Max)
» Medium data rate: 300 kbps O JEM/EF Standard Payload Size
> Low data rate: 35 kbps (1850Lx800Wx1000H in mm)

O Power: 650W (Nominal)

August 28, 2013 TeVPA2013



Electron & Positron Origins and Production Spectrum

. .. Power Law Distribution
Astrophysical Origin with a Cutoff
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et Propagation in the Galaxy
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CALET Main Target: Nearby Sources of Electrons in TeV region

T (age) = 2.5 x10° x (1 TeV/E) yr

R (distance) = 600 x (1 TeV/E)"2 pc >1 TeV Electron Source:
B Age < a fewl0° years

very young comparing

Contribution to 3 TeV Electrons to ~107 year at low energies
from Nearby Source Candidates B Distance <1 kpc
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CALET Capability for Electron (+ Positron ) Observation : Nearby Sources
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500-600 1168 154 Conditions applied: Expec-l-ed A n iSoTr.o py
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Recent results of electron and positron observations 1-1000 GeV

Something interesting in the electron energy spectrum below 1 TeV
is revealed by accurate measurements with high statistics
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O Itis now relatively well established that there is an enhancement in the electron
energy spectrum in the 200 ~1000 GeV energy range, which is not expected for a
uniform distribution of sources in Galaxy. Source candidates are suggested to be

nearby pulsars or dark matter.

O ATIC, Fermi-LAT and HESS all see an enhancement, but experiment limitations
preclude a complete characterization of the feature.

O Recent AMS-02 observations are consistent with Fermi-LAT above 100 GeV, but
a systematic discrepancy exists in the 10-100 GeV range .

O The exact shape of the spectral feature needs to be refined and details of this

shape may help identify the source of the energetic electrons.

August 28, 2013
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Positron fraction from AMS-02

AMS-02 observed:

+ Steady increase from 10 to ~ 250 GeV with slope decreasing
by an order of magnitude

* No fine structure, consistent with sum of diffuse spectrum
and a single common power law source.

c | | The positron fraction is higher by about
= one-order of magnitude at 100 GeV than
£ 1 predicted for secondary positrons by a
S | widely used CR propagation model.
& } i1 i % . s

a ! im(} 1 Possible solutions:

1077, oo | | j'o#’é e 1 1. New primary sources of positrons

i °°D | FERMI | _ R .

- °5'>o.3 J @3@ i Ann.lhlla’rlon of d?rk matter |

i it WS g HEAT - - Positron production and acceleration

I CaFicens | by pulsars

| ! R A L | ! L
4 10 102 2. Modifications of Galactic cosmic-ray
positron, electron energy [GeV] propaga’rion model
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Consistent understanding of the e*+e- spectrum with the positron fraction

Background: power law (different for electron and positron) with exp. cutoff
+ case A) Dark Matter: Kaluza Klein Dark Matter (LKP) in the mUED scenario

+ case B) 65S: Generic Source Spectrum (power law with cutoff)

o ' ' ' or T ] 100: L oon T Errnt L

[ — mLKP=500 GeV
[ — mMLKP=620 GeV
| — mMLKP=700 GeV
— mLKP=800 GeV
- — mLKP=1000 GeV
mLKP=1200 GeV
-

JE® [stcm™@srt]
|_|
o
N
positron fraction
|_I
o
=

I”I2 I I II‘H|3 10‘20""-'-'1- 23
10 10 10 10 10 10
E [GeV] E [GeV]

Fits of the Generic Source Spectrum (dashed red line, background flux solid red
line) and Kaluza Klein Dark Matter of different masses, calculated using the
annihilation and propagation routines of DarkSUSY, to positron fraction (right plot)
data from AMS-02 (red) and total flux (left plot) measured by Fermi, including
systematic error (green).

X *is below 95% CL exclusion for all cases except m(LKP)=500 GeV, thus
proving that both Dark Matter annihilation and local accelerators are
valid hypotheses within the constraints of current experiments.




CALET capability to separate
the generic source spectrum and Dark Matter cases

The expected 2yr-signal in CALET was calculated for each case, based on the
detector's simulated properties. An unbinned analysis by least square fit based on
the event distribution in energy was developed, which is able to separate the Generic
Source Spectrum (6SS) and Dark Matter cases. Specifically it identifies the drop in
the spectrum at the mass of the Dark Matter particle, allowing reconstruction of
the mass with high precision.

Distribution of a fit parameter used for separation
between Dark Matter and GSS for 1000 simulated samples of each case.

250 T T T T T T T 250 T T T T T T T
= Generic Source Spectrum = Generic Source Spectrum
— mLKP=500 GeV — mLKP=620 GeV
200 — mLKP=700 GeV 200 — mLKP=800 GeV ]
(O] mLKP=1200 GeV 1) mLKP=1200 GeV
o 150 1 2 150 -
= =
8 ©
100 1 Y 100 _
*# ¥

(O
o
]
(9}
(@)

0 0

0 1 2 3 45 6 7 8 0 1 2 3 45 6 7 8
separation parameter [a.u.] separation parameter [a.u.]
. Clear Separation between local accelerators (Generic Source Spectrum - 6SS)
and Kaluza Klein Dark Matter Annihilation possible with 2-yr CALET data.
« Mass of Lightest Kaluza Klein Particle can be reconstructed with high resolution

(o0~11.6GeV).



Performance for Gamma-ray Detection  Simulation of Galactic Diffuse Radiation

Energy Range 4 GeV-10 TeV

Effective Area 600 cm? (10GeV)

Field-of-View 2 sr
Geometrical Factor 1100 cm?sr
Energy Resolution 3% (10 GeV)
Angular Resolution 0.35° (10GeV)
Pointing Accuracy 6

Point Source Sensitivity 8 x 10 cm?s°! ~25,000 photons are expected per one year
Observation Period (planned) 2014-2019 (5 years) f 62 93 12 16 19 2 25 28 3

*) ~7,000 photons from extragalactic
v-background (EGB) each year

Simulation of point source observations in one year

Energy Spectrum

Position
Geminga Grab ang Gomings &

.....

I Position

Vela: ~ 300 photons above 5 GeV Geminga: ~150 photons above 5 GeV
Crab: ~ 100 photons above 5 GeV




Events/bin

CALET Capability for Detection of Gamma-ray Lines from Dark Matter

40
35 +
30 -
25
20
15
10 +
5 L
o L

Monochromatic gamma-ray signals from WIMP dark matter annihilation
would provide a distinctive signature of dark matter, if detected. Since
gamma-ray line signatures are expected in the sub-TeV to TeV region,
due to annihilation or decay of dark matter particles, CALET, with an
excellent energy resolution of 1 - 3 % above 100 GeV, is a suitable
instrument to detect these signatures .

— CALET(5yr) | ° Simulated 14 TeV gamma-ray line
. from dark matter toward the

| Galactic center (300- < 1< 60° , |b| <

10° ) including the Galactic diffuse

background for CALET 5 year

observations.

| = The annihilation cross-section is
taken as <ow,, = 1x1072° cm3s™! with a
NFW halo profile. The distinctive line
signature is clearly seen in the
gamma-ray spectrum.

200 400

Gamma-ray Energy (GeV)



P and He Observation

Multi -TeV Region

10°} ¢ STCALET expected in 5 y (red points) «  Proton and He slopes are different ?
5 ruos TH * Single power law or curvature.
DR p % a0 e . 5
B aqever @ ﬁ} - %FH’ Is there a proton cutoff below 1 PeV :
1 Requirements for calorimetry:
* Proton interaction requires > 0.5 Apt
« Energy Measurement at 100 TeV scale
requires confinement of the e.m. core of
the shower, i.e. > 20 X,
102"_ 1 lIIIlIlI 1 Illlllll 1 IlIIIIll Illlllll 1 IIIIlIII
10 107 10° 10* 10° 10°
Energy per nucleon (GeV/n)
. (nominal incidence)
Energy reach in 5 years: CaLer - »
> Proton spectrum to =900 TeV '
CREAM 0.5+0.7 20

» He spectrum to =400 TeV/n

AMS-02 0.5 17
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Intermediate nuclei to Fe Observation
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B/C ratio measurements by CALET

CALET will measure the B/C ratio to over 1 Tev/nucleon and provide
an exact value of the energy exponent & within an accuracy of 0.05

CALET expected in 5 y (red points)
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Expected CALET UH-GCR Measurement

T IIIIII”

East—Wést (Prelirhinary)
Vertical Rigidity

= TIGER

CALET should obtain 2-4x the
statistics of TIGER in expected
5 year mission.

Assumption that results for
vertical cutoff rigidities
represent average of East-West
effect is not valid.

CALET measurements in orbit will
require less correction for
nuclear interactions.
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Overview of the CALET Instrument

N/

1 TeV electron shower

} - CHarge Detector (CHD)
(Charge Measurement in Z=1-40)

- Imaging Calorimeter (IMC)
(Particle ID, Direction)

- Total Thickness of Tungsten (W): 3X, , 0.11 A,
| B Layer Number of Scifi Belts: 8 Layers x2(X.y)

~ - Total Absorption Calorimeter (TASC)
(Energy Measurement, Particle ID)
PWO 20mm x 20mm x 320mm

i Total Depth of PWO: 27 X, (24 cm),1.35 ),

CHD IMC TASC

(Charge Detector) (Imaging Calorimeter) (Total Absorption Calorimeter)
Function Charge Measurement (Z=1-40) Arrival Direction, Particle ID Energy Measurement, Particle 1D
Sensor Plastic Scintillator : 2 layers SciFi : 16 layers Unif Sv:gl?g":; I:)égr;m X

(+ Absorber) Unit Size: 32mm x 10mm X Unit size: Tmm? x 448 mm 326mm
450mm Total thickness of Tungsten: 3 X, Total Thickness of PWO: 27 X,
APD/PD+CSA

Readout PMT+CSA 64 -anode PMT+ ASIC PMT+CSA ( for Trigger) _ 7
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¢ Proton rejection power of 10° can be achieved with IMC and TASC
shower imaging capability.
¢ Charge of incident particle is determined to 0,=0.15-0.3 with the CHD.
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CALET Expected Performance by Simulations
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CERN Beam Test using the Structure & Thermal Model (STM)

Beam Test Results
Charge Detector: CHD

Schematic Side View of the Beam Test Model < 350
%300;— A E'Ebeam
| CHD + IMC i 250 _
Si Tracker 200
i TASC :
Trigger I ENEEEEEENE 150
Scinti. 100
sof-
»II % AN R | PP P
50 100 150 200 250 300
Beam Energy [GeV]
FPWO
mBrass | Electron shower
ANENEE transition curve
in TASC
Moving Table

The Beam Test Model at CERN SPS H8 Beam Line

— 0.6 N
g HAngular resolution .
= | [ ] XP.
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é 045 A Sim(Ideal)
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0.2
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Chracteristics of HXM and SGM in CGBM

HXM SGM
Detector (Crystal) LaBr3(Ce) BGO
Number of Detector 2 1
Diameter (mm) 66(front), 79(rear) 102
Thickness(mm) 12.7 76
Geometrical Area (cmz) 68(front),97(rear)” 82
Energy Range (keV) 7-1000 100-20000
Energy Resolution @662 keV ~4% ~15%
Field of View (FOV) ~ TT Str. ~4T str.

* two detectors are combined.
SGM
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CALET GRB performance

Broad energy range (from few keV X-rays to GeV-TeV gamma-rays):
long-duration GRBs, short-duration GRBs, X-ray flashes and GeV GRBs.
Sensitivity of CGBM: ~10-% ergs cm~ s*1(1-1000 keV) for 50 s long bursts.

CAL CGBM

Energy range 1 GeV -10 TeV HXM: 7 keV - 1 MeV (goal 3 keV - 3 MeV)

(GRB trigger) SGM: 100 keV - 20 MeV
(goal 30 keV - 30 MeV)
Energy 3% (10 GeV) HXM: ~3% (662 keV)
resolution SGM: ~15% (662 keV)
Effective area  ~600 cm? (10 GeV) 68 cm? (2 HXMs), 82 cm? (SGM)
Angular 2.5° (1 GeV) -
resolution 0.35° (10 GeV)
Field of view ~45° (~2 sr) ~3 sr (HXM), ~411 sr (SGM)
Dead time 2 ms 40 s
Time resolution 62.5 us GRB trigger: 62.5 us (event-by-event data)

Normal mode: 125 ms with 8 ch,
4 s with 512 ch (histogram data)
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FuRyre Prospects

CALET is primarily;dedicated to observing @lectrons into the trans-TeV
region to provide celicial information on nearby as
dark matter. |
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— Gamma ray bursts '4 ' Y020 MeV with A & SGM and ~1 GeV to
Y - &l

10 TeV with Calori o
i

g n during balloon flights
(BETS, bCALET) and accelerator beam tests.

Development of the CALET flight hardware is now well“tderway .

The CALET project has been approved for launch in FY2Q14
to the Japanese Experiment Module (Kibo).

The target mission is 5 years -> electron exposure = 220 m? sr days




