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Closing in upon the mysteries of dark matter and cosmic-ray acceleration
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At first glance, the universe as seen with the human eye may appear calm, but
it is actually a dynamic space violently crisscrossed with high-energy cosmic rays
and electromagnetic radiation imperceptible to the naked eye.

With the development of measurement technology in recent years, observation
of cosmic rays (particles coming from space such as neutrinos, electrons, protons,
and atomic nuclei)—which are difficult to measure conventionally—is now
within our grasp. There are high hopes that this will represent a key to solving
the unresolved problems of the universe.

The CALorimetric Electron Telescope (CALET), an apparatus for observing
high-energy electrons and gamma-rays, is Japan'’s first full-scale project for
observing cosmic rays in space. It was launched to the International Space Station
(ISS) in 2015 via Japan's HTV-5 (Kounotori-5) transfer vehicle, where it will
conduct observation of primary cosmic rays for a period of 2 to 5 years.

Using equipment called a ‘calorimeter’ fitted with state-of-the-art electronic
detection technology, CALET will measure the energy of particles flying through
space, as well as the type of particles and their direction of arrival.

We can expect these measurements to lead to new world-leading discoveries,
such as the propagation and acceleration mechanisms of high-energy cosmic
rays—still unexplained even now, 100 years on since the discovery of cosmic
rays—as well as the search for dark matter, further elucidation of gamma-ray
bursts, and more.

BS=E4E  Dark matter

e+ BET

A Positrons

Ho~ig

Gamma rays

BEpE 9

Dark matter ©

? wmne

Dark matter

Y
e- &7

Electrons



? n

BZ07

FHICEH KICKDBRLZ T TREARNDCEDTERZVZLDHNBDFTHh
EBEDFETHERN S ZNIEFEERLEVKRD/ ERADHRTH. FREMASTNTLIEN
BRHAMEETTCVEFTZNEDRRICED AL TIREDEIT T EHREELSVNI
I F—EF T OHEHFE SN MIRE TRATRTVND T EHMSNTVE
T CNOD[FERIZHATSDCEICKD . FETRECVWDBICIEFRZAFEWLER
REBEANTFELDD EBBREEZISNTVET,

HERICRFR T 2FERDIB5. TRILF—DEVEDIFEKBZENSP>TLBHT ED
HMENTVFEITH. KD IRILF—DEVBDEFKERAD SR> TETVET O
NSEFEICBHEBERICI > TIMREINTND EEZSNTLEITH . EEDM
BANZZXLGFFERFALRNS L FHEICBIFDHD—DELO>TVEFT .

Fle . ETOICKEALTRBEE LT BEVEDEFEN DD FIT . INFTITHNT
EARTOEELREYENL Y AR FHY A J DEE RBREFZEOH AN 5. F
BZEBRIT2HRODOIE. BLAHBATEDBDEDODTFNE%THD . 5EDD24%
FEATRHEOBENETHD . 71 %FEBEIRIVF—THHESNTVDIEEZS
NTVFET (K1) COBEVE LG AEHSHEVRMDYETH D  FEITHER
EHSEAHDEE Lz ZDERGIEEESHICETNTVEEA. ULH L. ZDIE
BIARRDEVRNF CHBDEEZSNTHD IBEYMEHNEHT DIRICHRETD
BIRILF—DORFHIFEHIRE UTIRARNZRURZ > CLSORERED G D FT .

CNFT.BIRINF—FEEOHAE LT . [ERE[E > &R SILTOERR.
ATBEICKDBASHTONTEFT Leh MERICRE T DB IRILF—FER
ZODTIHEWVEE CTHMICHARD C EICK 2T . CDKRILFFHICHFET DHDIR
RISBDZENTEFY,

JAXALE BFEAAZEICL D THESINTLDSSIRIVF—EF - AU VIRER
%#E (CALET:CALorimetiric Electron Telescope )l&.EEFHRAT—Y 3y
(ISS) DEAEEFIEIF S IDMAERETS Y b T+ — LT . BIXILF—FER
ZERAILE T,

CALETZ.BA&-7 XU A4 45U 7 DiHADT. CERN (FMNERRFIRTTHE
18)ICBIT D FRERFERF A THESINC. Y v D —HNTFOMNBERHDEIEES
HOUXA—FZEBHUTCVETFHEENNOU X—FABT5|ERIITV v
D—RF | ORWBETRIET D EICKD . EIRIVF—FEHRERZICAET D
CENTIREE D,

OB IRIVF—FHEOEREIMEDA D=L
@FERDIVTIRNZED D XN L
OHERYMEDIER

ZFDZ L DFHORZFEALLS ELTVET,
CALETOAOYU A —5 3HERDFGECIFBRARBE CH o le/ I RILF—EEZ
R T ENTTREFMREZ B . T DRI U FROHRED SHHFEINTNET,

EFS BFRRIR

Japanese Experiment Module "Kibo"

> T4 PICHGTFE

—mLRNVF—BF - IYHREIRE

AN

(CALET)—

Apparatus for observing high-energy electrons and gamma rays (CALET)

The universe contains many mysteries that cannot be examined by visible-light observation
alone. Even within the Milky Way, not far from the Earth upon which we live,
as-yet-inexplicable phenomena are occurring. It is known that these phenomena result in the
creation of high-energy particles, quite difficult to artificially produce, which bombard the
Earth. It is believed that measuring these ‘cosmic rays’ will offer clues to unraveling such
phenomena occurring in the vicinity of Earth that are invisible to the naked eye.

Of the cosmic rays that bombard the Earth, it is known that those of lower energy originate
from the sun, with those of higher energy coming from outside the solar system. Although
believed to be primarily accelerated by supernovas, the actual acceleration mechanism has not
been elucidated; this remains one of the mysteries of the universe.

Additionally, a further unresolved issue is the existence of dark matter. As a result of prior
observations of the cosmic microwave background radiation, gravitational lensing, galactic
rotation speed etc., it is believed that of the components making up the universe, those which
we are able to observe only represent 5%. Unidentified dark matter makes up 24% of the
remainder, with the final 71% believed to be occupied by dark energy (Figure 1). This dark
matter is an unknown substance that does not emit light; because its direct observation is
difficult, its identity has not yet beenclearly ascertained. However, it is believed to be an
as-yet-undiscovered massive elementary particle, and it is possible that the high-energy
particles generated when dark matter particles are annihilated are passing through our galaxy
as cosmic rays.

Up to now, observations have been conducted using balloons, or in alpine areas, or using
satellites. As a result of the unprecedented precision and detail with which the high-energy
cosmic rays arriving at the Earth can be now observed, we are closer than ever before to
unraveling the mysterious phenomena of the universe.

The CALET (CALorimetric Electron Telescope) apparatus for high-energy electron and
gamma-ray observation developed by JAXA and Waseda University, etc. will be mounted to an
exposed facility on Japan’s Kibo laboratory aboard the International Space Station (ISS), in
order to observe high-energy cosmic rays.

CALET is equipped with a calorimeter developed in conjunction with Japan, USA, and Italy,
which has been developed following beam tests conducted at CERN (the European
Organization for Nuclear Research). Imaging the trajectories of ‘shower particles’ triggered
inside the calorimeter by cosmic rays should enable precision measurement of high-energy
cosmic rays, furthering attempts to unravel various mysteries of the universe, such as:

(Dthe origin and mechanisms of acceleration of high-energy cosmic rays

@the propagation mechanism of cosmic rays throughout the galaxy

(3the identity of dark matter.

CALET's calorimeter has the capability to explore high-energy regions difficult to observe
using conventional methods, and researchers around the world have high hopes for the results.
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M Structure of the Calorimeter

The calorimeter structure is composed of three stacked detectors. By combining the particle shower trajectory data obtained from each detector, the characteristics of incoming cosmic rays,
such as type of particle, arrival direction, etc. are acquired. (Figure 2)

Upper: The charge detector (CHD) measures the charge of the incident particle and identifies the kind of nucleus.

Center: The imaging calorimeter (IMC) detects the particle trajectories in the early stage of shower development using 1mm square scintillating fibers, and performs precision measurement of
the charge and arrival direction of cosmic rays.

Lower: The total absorption calorimeter (TASC) uses a high-density, high-atomic-number lead tungstate crystal scintillator (PWO) (Figure 3) to totally absorb the shower particles and measure
the shower development, and determine the incident particle energy.

HMThe state of cosmic ray showers inside the calorimeter

As the high-energy cosmic ray particles pass through the CHD/IMC/TASC, the appearance of the shower particles developing inside the calorimeter depends on the type of incoming cosmic
rays. (Figure 4 shows samples of the shower particle trajectories by gamma-rays (10GeV), electrons (1TeV), and protons (10TeV) obtained by computer simulation.)

By matching the actual observed data with the shower pattern predicted by the prior computer simulation, detailed information about the observed cosmic rays can be obtained, such as the
types of particles involved and the magnitude of energy.
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Figure 6: Short gamma ray burst GRB050709 captured by the Chandra X-ray
observation satellite (pictured at lower right), together with an artist’s illustration.
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Gamma-ray bursts are a celestial phenomenon whereby gamma rays are released as a flash lasting

] several milliseconds to several hundred seconds. Occurring in random positions around the celestial

sphere, this phenomenon occurs several times per day. Observed for the first time in the 1960s, it has

been suggested that this phenomenon is usually caused by the collapse of a massive star. The duration

of gamma-ray bursts is less than 2 seconds, and the leading theory suggests they are caused by
collision/coalescence between two neutron stars, or between a neutron star and a black hole.

However, details of the origin and nature of gamma-ray bursts are not yet clear.

The CGBM is composed of three detectors: two Hard X-ray Monitors (HXM) devices and one Soft
Gamma-ray Monitor (SGM) device, all of which utilize a photomultiplier tube and a scintillator. Two
types of crystals are used as scintillators: lanthanum bromide (LaBr3) for the HXM and bismuth
germanate (BGO) for the SGM. The entire CGBM array is capable of measuring X-ray and gamma-ray
wavelengths over a wide range from 7 kilo-electron volts up to 20 mega-electron volts. (See Figure 7)
Additionally, alongside the simultaneous detection by the prime CAL instrument, CGBM also seeks to detect high-energy gamma-rays at regions over 40 giga-electron volts: the maximum
energy ever observed by conventional means.

The variation patterns and times of occurrence of gamma-ray bursts are planned for instant transmission around the entire world in the same way as MAXI (Monitor of All-sky X-ray
Image), currently operating on Kibo exposed facility. Based on this preliminary information, if the CGBM can coordinate observation with ground-based telescopes, with MAXI, and with
the gravitational wave telescopes expected to enter full-scale operation in the late 2010s, it should be possible to unravel the mystery of gamma-ray bursts.
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Figure 7: A scintillator generates faint light in response to the wavelength
of incoming X-rays and gamma rays. A photomultiplier tube amplifies the
light emitted when X-rays and gamma rays enter the scintillator, and
outputs this as an electrical signal to measure gamma-ray bursts. This is the
first attempt ever to use LaBrs crystal in space for celestial gamma-ray
observations.

ECALET Mission Equipment

Aside from the main mission calorimeters (CHD, IMC, TASC), CALET is also equipped with auxiliary mission equipments, including a Gamma-Ray Burst Monitor (CGBM) composed of two Hard X-ray
Monitors (HXM) and one Soft Gamma-ray Monitor (SGM), as well as a Compact Infrared Camera (CIRC).

Sensors supporting these mission equipments include a GPS receiver (GPSR) for time measurement and a star sensor (ASC) for attitude determination.

Inside CALET is a mission data controller (MDC) which manages the power supply to each device, as well as communications control. Additionally, in order to supply the high voltages required by the
calorimeters, CALET is equipped with a high-voltage power supply box (HV BOX) developed and provided by the Italian Space Agency (ASI).

As a mechanical interface with other systems, CALET is equipped with a FRGF for manipulation by Kibo robot arm, a PIU serving as an interface mechanism with Kibo exposed facility, and a HCAM-P
for mounting on the Kounotori-5(HTV-5) exposed pallet at time of launch.

The PIU has interface connectors for all of the necessary power, communications, and fluid supplies. Services such as power supply, communication control, and active thermal control functions via
Fluorinert are supplied from Kibo exposed facility.
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The search for dark matter
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The search for celestial bodies accelerating cosmic rays Measurement of electrons in the vicinity of the Earth originating from supernova remnants, at energies of tera-electron volts or higher.
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Observations of electrons and gamma-rays generated by dark matter annihilation and decay, ranging from about 100 giga-electron volts to 10 tera-electron volts.
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Research on the origin and acceleration mechanism of cosmic rays
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Measurements of a wide energy range of electron, positrons, and proton-nuclei (including superheavy nuclei above iron) coming to earth, from the giga-electron volt range to the peta-electron volt range.
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Research on the propagation mechanism of cosmic rays within the galaxy
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Measurements of the abundance ratio of nuclides released in supernova explosions (such as carbon) to secondary nuclides (such as boron) produced through their disintegration in galactic space.
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Research on the solar magnetosphere
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Observations of time dependence of the amount of arriving electrons at 10 giga-electron volts and below, affected by the solar magnetic field.
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Research on gamma-ray bursts
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Observations of transient phenomena in X-rays and gamma rays over broad energy regions ranging from 7 kilo-electron volts to 10 tera-electron volts conducted using CAL and CGBM.
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Compact Infrared Camera
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Image of CIRC fire detection simulation based on ASTER data
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Detecting forest fires in regions hard for humans to monitor

This is an infrared sensor primarily intended for detecting forest fires, which present a serious 80" 80°
problem for the various countries of Southeast Asia, particularly considering the effects of I ﬂ
global warming and climate change. Lightweight, compact, and with low power consumption, 60  vw— 60"
these can be mounted on multiple satellites to enable high-frequency observation. CIRC is ! = | =
installed on the ALOS-2 satellite launched in 2014, as well as CALET, and is expected to 00 sl Aol 08 s s s ‘erflan;éb;gc‘
increase observation frequency. The ultimate goal of this technology is to minimize the
damage and impact caused by forest fires, as well as contributing to urban planning and our HZtEUYMODISHhiE 5 Z I ROFMN KD
understanding of volcanic disasters. World distribution of forest fires as reported by MODIS optical sensor
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CGBM: Gamma-ray Burst Monitor

15 _E(FBFE S Duantity at launch 613kg

7% Dimensions 1,000mm (F< : Height) X800mm (1& : Width) X 1,850mm (8417 : Depth)

#15 _EIF# Launch vehicle FHRAT—Y 3 VHEEHEIC 5D ED I5S#(HTVS) (H-IBOY v )

$15 _E(FHFHA. Launch period 20154881908 : August 19, 2015

#7AIHARS~ Dbservation period 2R (GERBE) : 2 years (5-year target)

JEEEEE/]Power consumption 592W (] : Maximum)

FB{SI®RE Communications speed FiE% Medium rate data line : 600 kbps ~ {E#% Low rate data line : 50 kbps
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Launch of CALET apparatus for observing high-energy electrons and gamma rays
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Japan Aerospace Exploration Agency ttp://www.jaxa.jp
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