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Abstract: We are developing the CALET (CALorimetric Electron Telescope) instnirfag the obser-
vation of high-energy electrons and gamma rays at the Exposed Fattlity dapanese Experiment Mod-
ule on the International Space Station (ISS). CALET has a capability tavaskectrons (+positrons) in
1 GeV-10 TeV and gamma rays in 20 MeV-10 TeV with a high energy réisolof < 2 % over 100 GeV,

a good angular resolution of 0.06 deg at 100 GeV, and a high protoctiogjepower of10°. CALET
has the geometrical factor of nearly 0.8snand three-years observation is expected. Thus, CALET is
a complementary gamma-ray detector with GLAST, HESS and so on.ricyar, the excellent energy
resolution of CALET, which is much better than GLAST or air Cherenkovstpes over 10 GeV, is
ideal for detection of gamma-ray lines in the GeV-TeV region from WIM#Pkdmatter annihilations.
The high precise observations of electrons(+positrons) also enalbbedasect distinctive positron fea-
tures from WIMP annihilations. In this paper, we present prospectarohga-ray observations and dark
matter search by the hybrid observations of gamma rays and electitbrGALET.

Introduction interacting massive particles (WIMPs). WIMF
are, perhaps, the most plausible class of candid
We are developing the CALET (CALorimetric for dark matter. Among these, neutraling, of
Electron Telescope) mission that is approved for the lightest stable supersymmetric (SUSY) pa
the phase A/B studies by JAXA at the Exposed Fa- cle that is predicted to resolve the hierarchy prc
cility of the Japanese Experiment Module (JEM- lem in particle physics is the most well motivate
EF) on the International Space Station (ISS) [1]. Models with extra dimensions can also provide
The mission goal is to reveal the high-energy phe- alternative candidate for dark matter. In particul
nomena in the universe by observing electrons in the lightest Kaluza-Klein particle (LKP) in model
1 GeV — 10 TeV, gamma rays in 20 MeV - sev- Of universal extra dimensions may be stable ¢
eral TeV, and protons in 1 GeV — 1000 TeV. The can be a dark matter candidate. The most nat
CALET mission on ISS is described in detail by LKP is the first Kaluza-Klein excitation of the hy
Torii et al. (2007) [1]. percharge gauge bosaB(Y). This state is referrec

Although the nature and origin of the dark matter 25 Kaluza-Klein dark matter. These WIMPs aret
are one of the most important unresolved problems P&cted to annihilate and/or decay into gamma ré

in high-energy astrophysics, we do not know what ¢ ¢ » @nd so on. Hence, the indirect observatic
the dark matter is made of. The most predomi- of dark matter is possible by the detection of the

nant candidates of dark matter are some weakly 9&mma rays and electrons [2]. In this paper,

817



DARK MATTER SEARCH WITH CALET

present the prospects for the CALET to search for
WIMP dark matter by the hybrid observations of
high-energy gamma rays and electrons.

Gamma-ray observations

The JEM-EF on the ISS gives us a good opportu-
nity to carry out the gamma-ray and electron obser-
vations for a long exposure. The ISS is in orbit of
an inclination angle of 51% changing longitudes
of ascending node at the rate-65.0° per day by
the precession. The line of sight of the CALET in-
strument is in the opposite direction of the earth.
In the ISS orbit, the CALET can survey the sky al-
most uniformly without attitude control of the in-
strument to observe point sources fed0 — 50
days.

The CALET detector consists of an imaging
calorimeter with scintillating fibers and tungsten
plates, and a total absorption calorimeter with crys-
tal scintillators. The CALET can observe gamma
rays and electrons with the energy resolution of
around< 2 % over 100 GeV and better for higher
energies due to the thick radiation lengths of the
detector. The CALET also has an excellent capa-
bility of particle separation of gamma rays, elec-
trons, and cosmic-ray nuclei. The detector perfor-
mance of CALET is described in detail by Kasa-
hara et al. (2007) [3]. Figure 1 presents the ex-
pected point source sensitivity of CALET, com-
pared to other experiments. As shown in the fig-
ure, CALET can perform complementary observa-
tions of gamma-ray point sources with GLAST and
ground based telescopes.

For individual point sources, air Cherenkov tele-
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Figure 1: Point source sensitivity of CALET, con
pared to other experiments and the flux of one C
unit source. For CALET, EGRET and GLAST, tt
sensitivities are derived for one year of all sky si
vey. For air Cherenkov telescopes on the grou
the sensitivities are derived for a 50 hour expos
on a single source.

Dark matter search

Dark matter search by gamma rays

The gamma-ray flux from WIMP dark matter ai
nihilations in the Galactic halo is given by

/] P(0)dedn, (1)
line of sight

whereN, is the number of gamma rays created |
annihilationsgv is the total annihilation cross set
tion times the relative velocity of the annihilatin

_ Nyov 1

o,
f( 47

scopes on the ground have an excellent sensitivity particles,n,, is the mass of WIMPs, ang¢) is the

over 100 GeV. However, since the ground based
telescopes have limitations such as low duty cy-
cles (10 %), a small field of view<( 5 deg), and
incapability of rejection of the background elec-

halo mass density of WIMPs at distarfcalong the
line of sight.

The gamma-ray flux from WIMP dark matter anr
hilations critically depends on the dark matter d

trons, CALET has a better sensitivity for observa-  yipytion in the Galactic halo. For the halo dens
tions of diffuse gamma-rays such as the Galactic prqfile, we take the Moore halo profile that is tl
and extra-galactic diffuse emission. The sensitivi- pest fitting density profile to the data from nume
ties for 3 years aré x 10777 (cm™*s™'sr) for jcq| simulations of galactic halos by Moore et :
the Galactic diffuse emission of the inner Galaxy (1999) [4]. Clumpy distributions of WIMP darl

regiEJQ (3(1)00 < €< 60°, [b] <10°). and1x107"  matter still increase the gamma-ray flux in prop:
(cm™“s™"sr") for the extra-galactic diffuse emis-  {jon to the square of dark matter density.
sion, respectively.
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Figure 2: Diffuse and continuum sensitivity of o ) )
dark matter annihilation gamma rays of CALET 1@ 10t 10° 10° 10
for 3 years, toward the Galactic cent&0(° < Gammaray Energy (GeV)

Figure 3: Gamma-ray line sensitivity of CALE'
for 3 years toward the Galactic cent8f(° < ¢ <
60°, |b| < 10°), compared to the gamma-ray lir
flux from neutralino with the maximal annihilatio
rates [6] and Moore halo profile [4].

¢ < 60°, |b] < 10°), compared to the calculated
continuum gamma rays from neutralino annihila-
tion and an EGRET excess spectrum against the
Galactic diffuse background gamma rays [7].

The gamma-ray flux also depends on the particle
physics dependent part mwav/mi. For the an-
nihilation rate ofov, we take the maximal anni-
hilation rates with various neutralino masses from -

gamma-ray sensitivity of CALET for 3 year:

the references [5, 6]. ) )
o compared to the expected gamma-ray line sigr

The gamma rays from annihilations of dark mat- 4y neytralino dark matter annihilations. Tht

ter in the Galactic halo are a diffuse component. ca| ET has a capability to detect a monochroma

In the case of a clumpy dark matter distribution, gamma-ray signal from dark matter annihilatio
these diffuse gamma rays will have unique signa- i, the 10 GeV — 1 TeV region.

tures of substructures in the Galactic halo [6]. Fig-
ure 2 shows the sensitivity of diffuse and contin-
uum gamma rays from dark matter annihilations
with CALET for 3 years toward the Galactic cen-
ter (300° < £ < 60°, |b| < 10°). The calculated
continuum gamma-ray spectra from neutralino an-
nihilations for 500 GeV, 700 GeV, and 1 TeV mass
are also plotted, assuming the maximal annihila-
tion rates and Moore halo profile. EGRET excess
in Fig. 2 is an excess flux observed with EGRET Dark matter search by electrons+positrons
against a model of the Galactic diffuse background

gamma rays expected from the decay of neutral pi- There are some expectations that mono-enerc
ons produced in cosmic-ray interactions with inter- €lectrons and positrons can be produced in the
stellar matter and the electro-magnetic processes ofnihilation of WIMP dark matter. Although the
electrons with interstellar medium [7]. propagation through the Galaxy would broaden

Monochromatic gamma-ray signals from WIMP line spectrum, the gbserved e'e.CtTO” .and posit
dark matter annihilations would provide an ex- spectrum would still have a distinctive featur

cellent signature of dark matter if detected. The S'mce there are no other known production mec
CALET has the excellent energy resolution of nisms that would produce an electron and posit

around< 2 % at 100 GeV that is suitable t
observe line features in the gamma-ray ene
spectrum. Figure 3 shows the monochrome

Figure 4 presents an example of the simulated
ergy spectrum toward the Galactic cent&(® <
¢ < 60° |b] < 10°) for the continuum anc
monochromatic gamma rays from 700 GeV ne
tralino dark matter with the maximal annihilatic
rates and Moore halo profile, including the Gale
tic diffuse background gamma rays.
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Figure 4: Simulated spectrum toward the Galactic
center 800° < ¢ < 60°, |b| < 10°) with CALET
for continuum and monochromatic gamma rays
from neutralino of 700 GeV mass with the Galactic
diffuse background gamma rays.

peak at energies of 10 GeV - 10 TeV, such a dis-
tinctive feature clearly indicates the existence of
WIMP dark matter in the Galactic halo.

Although the direct annihilation toete~ is
suppressed for neutralino in SUSY theory,
Kamionkowski et al. (1991) [8] suggested that if
the SUSY dark matter is heavier th&i* boson,
e.g. a Higgsino-like neutralino, a very distinctive
feature in the cosmic-ray positron spectrum arises
from W+ and Z° decays. Also, the direct annihi-
lation occurs frequently for the Kaluza-Klein dark
matter in universal extra-dimensions. Cheng et al.
(2002) [9] proposed that cold dark matter is made
of Kaluza-Klein particles. They suggested that
there is a narrow peak in the positron spectrum
from direct annihilation of Kaluza-Klein gauge
bosons toeTe~. Although the CALET cannot

to carry out dark matter search by the detectior
distinctive spectral signatures of gamma rays ¢
electronst+ positrons.
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