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CALET International Collaboration

JAPAN 22 institutions
Aovama Gakuin Universi —
b e P2 B RS
Ibaraki University Japan Aerospace Exploration Agency
Institute for Cosmic Ray Research, University of Tokyo
TAXA /S 5]£§che Environment Utilization Center

TAXA S itute of Aerospace and Astronautical Scences
5t. Marianna University, School of Medicine

Kanagawa Universi

High Accelerator Research Organization (KEK) . .
Naﬁo}'a University Waseda Un Iversity
National Institute of Radiological Sciences ted also b

National Institute of Polar Research supportea also by

Nihon University JSPS,MEXT

Ritsumeikan University

Saitama University

Shibaura Institute of Technology
Shinshu University

Tokiwa Urdvemi?' CALET is a
Tokvo Institute of Technolo .
Cifibcnsty ot Tk B Recognized
Waseda University (PI Institute) Experiment
Yokohama National University

ITALY 5 institubions
University of Siena
University of Florence & IFAC (CNR)

Unaversity of Pisa
University of Roma Tor Vergata
Umniversity of Padova

USA 6 institutions

MASA fGSFC

CRESST /MNASA fGS5FC and Uniw.r»a-ﬂ-:itjr of Maryland
CRESST/NASA (G5FC and Universities Space Research Association
Louisiana State Undversi

Washington University - 5t Louis

Unaversity of Denver




CALET on ISS !

Q) August 19th: After a successful launch of the Japanese H2-B
rocket by the Japan Aerospace Exploration Agency (JAXA) at
20:50:49 (local time), CALET started its journey from
Tanegashima Space Center to the ISS.

@ August 24th:
The HTV-5 Transfer
Vehicle (HTV-5) is
grabbed by the ISS
robotic arm.

@ August 25th:
CALET is emplaced on port #9 of the

JEM-EF and data communication with
the payload is established.

\ Lt

#74 Q@ August 24th:
.. 2" The HTV-5 docks to
the ISS at 19:28

(JSTT).

SN

©JAXANASA

"/RNASA ot , ‘

W
©JAX
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CALorimetric Electron Telescope Payload

The CALorimetric Electron Telescope, CALET, project is a Japan-led
International mission for the International Space Station, ISS,
In collaboration with Italy and the United States.

Mission Life (Target) : 5 years
Launch Date: Aug.19,2015

Gamma - Ray Burst Monitor

Calorimeter

The CALET payload is launched by the Japanese carrier, H-II
Transfer Vehicle 5 (HTV5) and robotically attached to the port #9
of the Japanese Experiment Module — Exposed Facility (JEM-EF)
on the International Space Station.

ICRR seminar 4
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Interesting happening with the energy spectra

Standard Model

of acceleration

and propagation _
of GCR

—==

S

O Shock wave acceleration in SNR

® Power spectrum (dN/dE oc EV )
 Acceleration limit depending on the rigidity (E. ~100 Z TeV)
0 Diffusion process due to galactic magnetic field

* Steeping of energy spectra of nuclei (VEY?) by leakage from Galaxy
(Leaky Box Model)

* Energy loss by synchrotron radiation and inverse Compton scattering of electrons
( dE/dt = -bE?)

 Energy dependence of secondary /primary ratio (e*/e", B/C etc) (o< E)

Recent observations found results at high energies contradicting “Standard Model”

Increase of positron/electron ratio Excess of electron+positron flux Hardening of p, He spectra
T T 5
] * AMS-02 LT L g 107
A Fermi ¢ HEAT (2001)  PPB-BETS (2008 — |
ol [ o PAME-IJA © BETS (2001) W HESS (2008 %
| s AMS-01 11 A 2 ¥
- T, ©oHEAT L] T T L
. e Il & .r‘" 10? - +
] | | ¢CAPRICE T-%#H A " e
- + ) > | 107 T creamd
LY oag e SR Y s Vo= 2.66 = 0,02
r T Standard | & DS [ =2mezom Yoo = 258 £ 0.02
L = \ L (Ahn et al,, ApJ 714, L84, 2010)
‘ , X% He
i M Odel 10 ‘ Do -  AMS-02 (Choutco et al., #1262; Haino et al. #1265,
= ‘_' = ICRC, Rio de Janeiro, 2013)
‘- [TH PAMELA (‘Adriani et al., Science 332, 6‘9, 2011) |

raaaal

New source of electrons and positrons at several 100 GeV ?

10° : ; ; 10 10? 10° 10* 10° 10°
3N F— (GeV) 10 - e Energy (GeV)

E (GeV)
Unknown process in accele-

ration and/or propagation?
ICRR seminar / propag 6



Electron & Positron Origins and Production Spectrum

Astrophysical Origin

Shock Wave Acceleration in SNR Acceleration in PWN

o E%‘EE?%
.

x f_}y’
-

i% Hﬁﬁm

etc.

HASA PHOTO

Dark Matter Origin | Evolution of the Universe

Dark matter

Constitutes of
the Universe

Dark Energy o

— Dark Matter A vk L
ﬂlz*)b# Pth Hydrogen, §f
ERDE Helium

Dark Matter
23%

Dark Energy
73%

Power Law Distribution
with a Cutoff

dN/dE O E-2exp(-E/E.)

Log(dN/dE)

Log(E)

Typical Distribution Depending
on the Mass and Type of DM

(INL‘ A
dE

el 4

My

( i ) Monoenergetic: Direct Production of e+e- pair

(i )Uniform :Production via Intermediate Particles

(iii) Double Peak : Production by Dipole Distribution
via Intermediate Particles 7



Distance (pc)

Nearby Sources of Electrons at TeV Region

0 d
af(t,e,r) =D(e)V*f +—

b~10"10GeV~1s71

[be*f]

1/3
D(£)~5.8 x 1028 cm2s~1 (1 T )

4GeV

+ Q(t, & 1)

Diffusion Energy 10ss by

Injection
IC & synchoro

>1TeV Electron Source:
B Age< afewlO°years
very young comparing

Contribution to 3 TeV Electrons from Nearby Source Candidates
10% ¢

- Dy=2x10"(cm?s™")

sN1gs  S147

Cygnug Loop

G65.3 Geminga
\ _T,_.‘:‘\\ ]OD I‘II
ARG Y
\ “ ®
N ®
NN
i \ Loop |
_ | Monogem
- (Fo: E3x Flux at 3TeV)!
107 10° 10* 10° 10°
Age (yr)

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

Source (SNR) Candidates:
Vela CygnusLoop Monogem

Unobserved Sour ces?



Identification Electron Sources

tures

from Vela SNR
w‘. T=0yr
Dy=4x10%(cm?s~!)

Expected Anisotropy
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Some nearby sources, e.g. Vela SNR
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1 3
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Identification of the un
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150

such as Vela in the electron spectrum by CALET
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TeV electron spectrum with the CR escape model

Without energy-
depegdentescape
e
N; [ €csdt) from Ptuskin & Zirakashvili 03
e Electron spectrum from 3 3 LB /
5 PR P ~
Vela SNR/PSR (d=290pc, = o= o N R S
tage=10YT, Eo=10%erg) = oty
7)) L
* Only e* with £>€..(t,,0 ‘\-‘E 71
can run away from the SNR. = i
= F component 2 =-==:=
> Low Energy Cutoff P P A
< - PPB-BETS
® e I )
Syr obs. by CALET = HESS 00) n
(SQ7=220m?sr days) may 1101 — 182 — 1(')3 — 164 E—
detect it. Energy ¢, [GeV]

Kawanaka, loka et al. ApJ 2011

Direct Evidence of Escape-Limited Model for
CR accelerators (=SNR)!

ICRR seminar 10




Requirements for high energy electron observation

EFER DT

B SHABRICHERELITTIIRATEGLER

B TeVHEE XX IZRE R

BFER O HE %
B Flux B Fm D
~5 ARk / m2srday (>1TeV)
B RGBT/ NVITIIOUF
BF: FFF=1: 100 @10GeV
BF:[5F=1:1000 @1TeV

)

EFHADI-HODOMAER:

B RELRERICILHRAAMEER R

Flux (m=2 s~ sr! GeV~

~220 m2sr day = $3100045] (>1TeV)
W R NG FEREMERE
10° @ TeV
B Enh-IRILX—5EEE
% (F100GeVHEE)

ICRR seminar
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100 F
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107°

1078

1071 F

10712 E

1471

10°

Ehta,
10° |

Cosmic-ray Energy Spectra

electrons ", o

FNESOHE e,

e

a few electrons
/ cm? sr day

a few electrons|’
/[ m? sr day

b

10" 10° 10° 10* 10°
Kinetic Energy (GeV)

10°
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1,000 F - T

E30dN/AE, (m2s1sr1 GeV?)

Full width AE/E

100 L

o

Energy resolution

J Chang et al. Nature(2008)

“ KK~620GeV

10 A -
10 100 1,000
Energy (GeV)

Energy resolutlon of Fermi-LAT

:----mrgs%

| — LAT 68 .":
6l -—=-- Beam Tast MC 683% LAT 85%" |

| —— Beam Test Data 68% (6(F) et

| —-=-- Beam Test MC 68% ((*) PP

[+ Beam TastDaEaﬁS%(D"} L .
o4 =T -
. Beam Test 68% (0¢) |
: - m @) ]
0.21 e i
I LAT 68%1
i B A — ___—-—'E__-ﬂ )
0_. ! - e Beam Test 68% (607) ]

10°
Energy (GeV)

Energy Resolution vs. DM Sensitivity

l [ T T I T ] | s
,_|400 B mono .
& [ P \ i CALET ﬂ
47 [ = \ |
300 |- ) =]
- l: -
g F : 10% g |
i % smearing
> [ nat ! i
> 200 — ‘ -
; I o .
[ I i 3
~—r " v\ -
& : \

@ 100 — A\ o =
0 [ | 1 L 1L l l 1 L 1 1 I 1 L A _‘

400 500 600 700

E[GeV]

arXiv: 0812.4200[astro-ph] C.R.Chen et al.
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CALET Science Goals

The CALET mission will address many of the outstanding questions of
High Energy Astrophysics, such as the origin of cosmic rays,
the mechanism of CR acceleration and galactic propagation,
the existence of dark matter and nearby CR sources.

Science Objectives

Nearby Cosmic-ray Sources

Dark Matter

Cosmic-ray Origin and Acceleration

Cosmic—ray Propagation in the Galaxy

Solar Physics

Gamma-ray Transients

Observation Targets

Electron spectrum into trans-TeV region

Signatures in electron/gamma energy spectra in the
several GeV — 10 TeV range

p-Fe energy spectra up to 101> eV and trans-iron
elements (Z=26-40) at a few GeV

B/C ratio above TeV /nucleon

Electron flux below 10 GeV

Gamma-rays and X-rays in the 7 keV - 20 MeV

range

ICRR seminar 13



0.03

0.02

E3xFlux[GeV? cm2 s1sr
o
=

0.005

Expected e*+e” spectrum by Lightest Super

Dark Matter / Pulsar

Decay of Dark Matter (LSP)

L3 I‘2 Ei

------- e*+e’(BG)
—e— PAMELA (e)
| —— Fermi
- —&— ATIC
---EF-- H.E.S.S.
syst. error in H.E.S.S.
| —@— CALET expectation (5yrs)

Ibe et al., JHEP 1303 (2013) 063.

}

;

1
100

e* Energy[GeV]

Symmetry Particle (LSP) (black line)
after 5-year CALET measurement (red dots)

E° dN/AE (GeVi m? s o)

Multiple Pulsar

PRD 88 023001(2013)
T IIIIIIII T T T T TrirT

. PO DAL | Ny Sheemt
o2 it ﬁTIC PAMELA
F —— HESS Bkg e~
—— Fermi-LAT Bkkg e +e’
10°
1 -
10 -/ ]
L 1 Illll{ 1 1 IIIIIII 1 1 IIIIII! ll 1 It!lll‘
10° 10 10° 10° 10*

E (GeV)

The fine structure is observable by CALET
thanks to the high energy resolution

ICRR seminar
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Detection of high energy gamma-—rays
Performance for Gamma-ray Detection

Energy Range 4 GeV-10 TeV
Effective Area 600 cm? (106eV)
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 109 cm-3s!

Observation Period (planned)

2015-2020 (5 years)

*) Trigger efficiency included below 10 GeV

**) 100 % efficiency over 5 GeV

Simulation of point source observations in one year

: B -

39
26
25 264 263 262 L N
0

Energy Spectrum

[

Vela: ~ 300 photons above 5 GeV**

ICRR seminar

Simulation of Galactic Diffuse Radiation

~5,700 photon* are expected per one year

0

31 6.2

9.3

12

16

19 22

25 28

~1,700 photon* from extragalactic
y-background (EGB) each year

Geminga

Geminga: ~150 photons above 5 GeV**

8 ¥ 8 & & 8 § B

0 -
180 182 184

Position

n

Crab: ~ 100 photons above 5 GeV**
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Detection Capability of Gamma-ray Lines from DM

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 2 - 3 % above 100 GeV, is a suitable instrument to
detect these signatures .

20 T T T T T T T T
f ] \ Neutralino annihilation (Moore halo profile, BF=5)
Gamma-ray excess in gamma-ray (E,=820GeV)
the Galactic Center?
:,: 2" me30 eV, bb ‘ ol b
.-a” 10_7:‘ \ b<t 'E
E 2'_ m=30 GeV, cc \ 1 S 10
: 0-8 | 1 6
S l 5 m=8 GeV v'r'/|\ 3 & ’
S S | P LW 5 | | ”
05 10 20 50 100 200
E (GeV) *
A 130 GeV line? H *
. 0 : + ++¢++'+¢¢¢+¢¢+¢¢¢¢¢¢‘ 4
i SR e | 200 300 400 500 600 700 800 900 1000
- o
I ﬁw?ﬁigj _lgi ‘ Gamma-ray Energy(GeV)
K !"m T lﬁ’_' I T ] . N
i I*ﬂs{ﬁ Simulated gamma-ray line spectrum for 2yr from
sl neutralino annihilation toward the Galactic center
v |rEw----T with m=820GeV, a Moore halo profile, and BF=5
k ) ICRR seminar 16




Measurements of Cosmic Nuclei Spectra

A single power-law seems inadequate to fit the spectra of nuclei

O The break also appears in the nuclei

O PAMELA/AMS-02 detected a spectral break spectra measured up to several TeV/n

- PAMELA : 240GeV

[ TT IlIIII| T I|HHII T IIIIII|| i III!'IIl I II||1IF_ i
- AMS-02 :336GeV i iy
YOREAM = 2.58 £0.
A
x10° E "
N s IR D . LR | | | 3 e '
e C oy ¢ Aws ] 3 ae tu R K
L 14E () £ oo LT3
8 - v BESS-Polar Il 0 L] + T |7 B Y%‘ff d
= L ‘ g::::n r;ﬁ‘*“" Hmlﬁ@l“'“ifﬁf‘m,% | L U - S [ Yams o1 = 2.74 £ 0.01 L
Q B .-J‘ 7Y **-\dj LAl AT &4 + $: B 1!
Q 10 - '% I‘I!-.---I_ | J 1 ¢ 1] 8 I
n = 'd THI b u = 1
- B ) N L E] ¥
» 8F S ] S
o - K ] .E‘ID’!_!B } L E
€ 6L & - S b it .
= "F rﬁ - e [ CREAMC-Fe 1
i afF A = w [ : : )
L - j - X i
% . PRL114.1711083 7 - -
= F Kinetic Energy (E,) [GeV] E L Jol_ 7 <2 6evn = 2.77 £0.03 1
E 5 l..“I 1 - 1 ||||||2 1 L 4 Ill“'3 'Ill-q E *r)zt.') uuVln=2l56=0l04 E
10 10 10 10 B 1 IllIIIJ| | IllilllI | IIIIIlI| L ) IJIIlII-

1 10 10? 10* 10t
Energy (GeV/nucieon)

CALET will be able to perform an accurate scan of the energy region around

the spectral break with an energy resolution ~30 % and larger GF ~ 0.1 m? sr
ICRR seminar 17



Expectation of CALET observation

« Hardening in the p and He at a few 100s GV

* p and He spectra have different slopes in the multi TeV
region (CREAM)

« Acceleration limit by SNR shock wave around 100 TeV/Z ?

« All primary heavy nuclei spectra well fitted to single power-
laws with similar spectral index (CREAM, TRACER)

» However hint of a hardening from a combined fit to all
nuclei spectra (CREAM, AMS-02)

V

CAPRICESS
AMS-01
BESS-TEV
ATIC-2
JACEE
RUNJOB
CREAM-
CALETinSy

Flux x E*"* [m™ s sr' (GeV/n)' ™)

ggx E?S (m? sr' s (GeVin)'®)

CALET expected in 5 y (red pomts)

3

=

=

10'fF

S

i )|
L ’:..&,.3‘1\%, Y. el 1 =
b 110 R N N A

LK Y B

) #0030 og] dfgow.«d 4 q{ t
C (max ~20 TeV/n)
GALET expected in 5y (red pointsi) 0

LK I P | s

L 0 (~20 Tevin)

- Mg (~20 TeV/n)

Ne (~20 TeV/n)

" Ne ;_ Mg ‘
Si (~2o TeV/n) | = Fe (~10 TeV/n)
s bobo By, 0 X I == L !} .
fr*l-ﬁ % ' ~*’tgﬁﬁur cPossll
,,-;f: r‘q]{if.,_ gz_:_u; []T;ii_'
“si ; LsFe

10 10 1 10 10° 10

Kinetic energy per nucleon (GeV/n)

* At high energy (> 10 GeV/n) the B/C ratio measures the
energy dependence of the escape path-length, ~E?, of CRs
from the Galaxy

 Data below 100 GeV/n indicate 8~0.6. At high energy the ratio
is expected to flatten out (otherwise CR anisotropy should be
larger than that observed)

"]! L
10 10° 10° m‘ 10° m"
Energy per nucleon (GeV/n)
7I d v R ) - L RS | b X i | i 3 " r
SRRl GC_;ALiET expected in 5y (red points)-
[ TPolel L I
-l B Wkt 8703 |
- B/C (max~5 TeV/n) ° . :
g :
= L+ AMSOI (1998) |
= % ATICO2 (2003) 4
@] 5 O Balloon - Orth et al. (1972)
Joa] 10~ F- O Balloon - Dweyer & Meyer (1973/74/75 =
= A Ball:mn - Simon c1 <‘I!. (E‘J?c';)
[ % CREAM-I (2004) E -5
wrhl . uEA(n C2 |079 80) )
; e C \LET(LX]]LLlLd 5 yrs) 3
izl Ll et el
| 10 10 10°

Energy (GeV/n)
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CALET Calorimeter

Field of view: ~ 45 degrees (from the zenith)
Geometrical Factor: 0.12 m2sr (for electrons)
PMT

CHD-FEC
N electron 1TeV

L
- - - - -

MAPMT

IMC-FEC ~—— =
— [ scifi
L] . i = '='L
al : B -
PMT

l TASC-FEC
APD/PD

—

—_— ,;,sasar} CHD

> IMC

~— TASC

Q The unique feature of CALET is its
thick(~30 X,), homogeneous calorimeter
that allows to extend electron measure-
ments into the TeV energy region with
excellent energy resolution(~2-3%),
coupled with a high granularity imaging
pre-shower calorimeter to accurately
identify the arrival direction of incident
particles (~0.1° ) the starting point of
electro-magnetic showers. Combined
they powerfully separate electrons from
the abundant protons: rejection power
(~109).

A dedicated charge detector + multiple
dE/dx track sampling in the IMC allow to
identify individual nuclear species
(Az~0.15-0.3).

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

Function Charge Measurement (Z=1-40)
Plastic Scintillator : 14 X 1 layer
Sensor (x.y)
- A 98eea Unit Size: 32mm x 10mm x 450mm
Readout PMT+CSA

Arrival Direction, Particle ID

SciFi : 448 x 8 layers (x,y) = 7168
Unit size: Imm? x 448 mm
Total thickness of Tungsten: 3 X,

64 -anode PMT(HPK) + ASIC

ok oScitiial

Energy Measurement, Particle ID

PWO log: 16 x 6 layers (x,y)= 192
Unit size: 19mm x 20mm x 326mm
Total Thickness of PWO: 27 X,

APD/PD+CSA
PMT+CSA ( for Trigger)@top layer

10
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CALET Shower Imaging (Simulation)

Praoton 10 TeV
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CALET Expected Performance by Simulations

Geometrical factor
for electrons:
~1200 cm?3sr

ol—
10 1 10 10? 10°
Energy [GeV]

LANNNLJNNL RN N (N N N B N N I L R N IR B B B

| Boosted Decision Trees
L after pre-selection cuts

102

TTTTTT
1 illllll

10

T T TTTTT]
1 IIllIII

T

1

-
-
=
-

Probability

Proton rejection power at 1TeV :
~1.3x10° with 88% efficiency for electrons

s : - ] 10
2 , :
=10 i - Angular resolution for
: "% Elrég?gnrse?:ltggg\gﬂ_ |5 gamma ray (10GeV-1TeV):
€ gl S - 0=0.2-03deg
2 M o/m = ~2% e 1.4
& [ T 2 ol :
S gi—e 2 b : — *1
> 8 FikE ¥ »
2 [0} % & » * @ 0 .
g a—y % 107
(TR 8
I (] i d3
2 [ ] .__:f___. TS SN, | 1 c ® electron
i = 102 4 gamma-ray
ol . | e
1 10 10 10° 10 1 10 102 10° 10
Energy [GeV] E, [GeV]
1:—0—.——.—.—.——.—. M
0.92 . g 10° S
g?% . E e elections L
06" S R
0.5 . £ .0 diffussgammarrays
E E 80 <= <= 3:)° : -8 <= =
04¢  Gamma-ray detection : - S
0:22 eﬁlClency aqalnst !Iectrons % 107 B S EIEL' rf{l Conan]lna.UQn&/O) fe
0.1F 5 10 AL
1 10 10° 10° 10° 10 Envbray [Gev] 10
Energy [GeV]
Left: detection efficiency of gamma-rays with electron discrimination
power 3.54 x 104 (90% CL): >95% in 10-900 GeV
Right: electron contamination in galactic diffuse gamma-rays :
10% @10GeV - 1%@TeV
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Development/Evaluation by Prototype Detectors

[UEKEER - IEZR/EERZBEL T, F#J%E;%O)B'szﬁi%ﬁt\_'Ijiﬁ'ééﬁﬁ%%ﬁ’fﬁ

2006 |TEKEER(bCALET-1 @ =[&) el
Y, FONA TR

2008 |MNiERFEER (AL KR=EH)

GeVHEIE T > <R DERBITERE

2009 |SEREER (bCALET-2 @ K#5HT)

LIOMATRE S

2010 [hN:E2FXEER (CERN-SPS)

URLF. EFDEBIMEEE

2011 phnsEZEEER (HIMAC)

CHD, SciFi®M &1 5 fiZ8E
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bCALET-1
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| = Tungsten
E SciFi

150mm
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................... Antl oo
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= e = | | P
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150mm |7TASC — SW-F-1
| ¢iFl’lmm sq.
|\|||||||||||"_[ [ Beossminsg,
[ 1 Electronics
300mm
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Trigger

SQ
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bCALET-2 observation

10Ge VIEEE D E F IR 5

IS - 454 5l

i 1
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Flux [m2sris'GeV

bCALET observations

-] bCALET-1 DCALET-2

Date 31, May, 2006 27, Aug, 2009
Place Sanriku Hokkaido
Level flight altitude 37km 35km
Duration 6 hours 4.5 hours
(37km level fright: 3.5hours) (35km level flight: 2.5hours)
Triggered event number ~3000@37km ~12000@35km
e Electron spectrum Gamma-ray spectrum
10; . " .bCALET-1. (Sanrikl;, éoo;a) i 10 _\_F‘_‘
2Kty — 4
y ; hﬁ | bCALET-2 (Taiki, 2009) % ;‘;L—T
§ T ? - - ‘(:__') 1
10‘2% e % 107! 1
10° ; simulation (Taiki, 35km) %LL - ; simudaton (Taiki’ 5%k
= ' Ty L. BETS (Sanriku, 2000)
(o4 i [p— simulation (Sanriku, 37km) PLL 102 ® bCALET-2(Taiki, 2009)
L - - _ >
1 10 107 1 10

Energy [GeV]
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Energy [GeV]
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Beam Test at CERN-SPS

157 : CERN-SPS
HA¥:2012.9.24 — 10.15
HiF: TF 10— 290 GeV
&+ 30 — 400 GeV
Sa—#>: 150, 180GeV
BRHESE: BBEETIL(ISAMETILERILHEE)
B RO—ENEIBBMZ{E A

TZARETILEDEL
| JCcAET [ E—LHBQOD)
CHD 148 x (X,Y) 38 x (X,Y)
IMC (SciFi) 4487 x (X,Y) x 8/& 2564 x (X,Y) x 8/&
(W) 78 (3X,) 718 (3X,)
TASC 1674 x (X,Y) x 6/2 37& x (X,Y) x 6/B

CHD + IMC ¢

Si Tracker

P CHD+vC S
TR R h* =2

Trigger I

Scinti. I ] |
—bll S HHFEE
Beam g ' B EE

imEErENmEy

Moving Table
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Examples of Shower Events Observed at CERN-SPS

Electron Showers

100GeV 200GeV

N

P T S - W R

1

ol
o

o

&
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Proton Showers

Interacted in IMC Interacted in IMC w/o Interaction Interacted in TASC interacted in IMC

-

=
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E R kD
=t N W e

-
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Energy Deposit [mip]

CERN-SPS Beam Test Results

Energy distribution R

\ - PE 2" it
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©2001 XPp. RMS 2352 I |
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| e - 600— s, o 2
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4001~ —sim L / b
e : i 5/ 200 GeV
sl L L L L . L L I | L L L L 200— i ) i\
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E‘ i g 121 i
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_g 0.5: i S"‘n “5‘7 1[]_ - FY?,__...__
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2 04f fideal) g sov Sim.
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o r 2 - \\.\
3 03f 5 g i
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C 8 I =y
C A 1. B s B
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Resolution[e]
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CALET Instruments

CAL

*Charge Detector (CHD)
«Imaging Calorimeter (IMC)
* Total Absorption Calorimeter (TASC)

CGBM

*Hard X-ray Monitor (HXM)
LaBr; : 7TkeV~1MeV
Soft 7 —ray Monitor (SGM)
BGO : 100keV~20MeV

F—SIE- B

«Mission Data Controller (MDC)
HlfE, T—2EZE. M)A, BIR

-HV-BOX
=S EEEJR (PMT:68ch, APD:22¢ch)

YR—k oY

«Advanced Stellar Compass (ASC)
ERIZEED A RAIE
*GPS Receiver (GPSR)

AN EADEFZIT T (<1ms)

HV-BOX

MDC
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CALET Instruments

GBM-EBOX[CGBM]
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Calorimeter

> 1)
CAL*%}&%%% CHD-FEC Gl
jJ D IJ}_QG):‘/#:_*‘/IN \k f T ’: - ‘ - - '-1 SciBar -LCHD
o BHBFHTY T i
» CHD: F5RFvIL 2 FL—4(EJ200) me-rec S BL_p= — 4\ | 1MC
PMT(R7400-0648 % &) —E P—
> IMC:>oFL—T1429 T74/3—(SCSF-78) _, L3 + o -

64ch MaPMT(R7600%H 4 &)
> TASC: PWOY > FL—%(SICCASEH) A
PMT(R-7400-0648 % &) a TASC-FEC

PMT

~TASC

PD/APD(S1227-33/S8664-10%8 % &w) APD/PD i
BASE PANEL
o IRHiZFEIE
> IMC/CHD#&{K: 22 AT MR, TILENZAL -
» TASCHE{K:CFRPtIL CHD-FEC________ S CHD-FEC

e JOVhIVFMEER(FEC)
> CHD-FEC: CHIC + #5727 + ADC(16bit)
» IMC-FEC: VA32-HDR14.3 + ADC(16bit) Lo
+ADC(16bit) | AT

¥ CHIC(CALET Hybrid IC)
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Calorimeter

CALIE RS

CHD-FEC

16 x 6 layers (x,y)= 192
19mm x 20mm x 326mm



Ground Tests of Flight Model

HIZT7AXRR—X %t

BETHER
EMcJ%ﬁ

{ SR FEE CALETIS 4 METJLMLIZL)
FBR

end-to—endi@{E i ER
IRV RE A ER
it Eiz's;”t%ﬁ

S8 ~ 8t CALETIS54 h%T)L(MLlﬁL))
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Ground Muon Tests

H CALETd)é'CO)*ﬁH:'.%%’EEM’Féﬁ'C B EZEE
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e T CALET77'f METIL
_ | 600kbps
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Events observed by ground muon tests
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CALET Flight Instruments at Tanegashima

FBFEFEEHEUA—THTV /ALy B INT-CALET
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CALET dataflow from ISS to ground

White Sands Complex,

TDRSS NASA Data

MSFC Archive

‘NASA Link

EffF 8
AT—v3av Not available at present
(ISS) JAXA Link ‘ o S
——r < » | Waseda Univ.
\ J CALET Operations
Tuskuba Cetel
(Data Relay Test Satellite) Space Center, A
Tsukuba ISS Operation
SPace CQnter, BUiIding International
Japan Japan ColIabgration
Organization
s * = == FREFHEI—ITHELT
WCOC’C[iZ*%*E@T SE 25 CALETH: HBRBHEHEL. TIcEn [| RMEAZITWaseda CALET
YT ILEZA LT —3 ZEMHDERETITS Operations Center (WCOC)ZHE5EL
o ISSHVLEHEMFLUAIZZ(E PUE LCALETEDERD AV FT—R%E Sy aVEREL THFZHRARER
— — BL. T—AZE-aTURREEZITS. DEREARL—230%F1TD
EMTRAET—32 (LeveloT—%3) . =
e 1BFRIIC1[EI521{E v
L] < | = . .
BRI, RIBHHTEH CALETD#i—HILERZE->TLS
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Dataflow and Operation System

« WCOCIZH 3 B 24BRIAHI DU T L2 LERETL, DUEFHELA— DA RL—3
VF—LEDERBREHEBELL,

. RIS@TRAT —A0IE, ENAFIEEADOL T—2EE . ERHECE SRS 1
IT R DERIZ& B8 AR OB ERD BB EERLL -,

-

L0S(20%) T 1 o

International Space Station

~

File Uplink
Commanding

CALET Ground System
Dataflow Summary

Schedule

Command File m
Operation WEE—7 vk

Parameter File

A

DB 2

RIET—50#&
A

5| Real Time |

Real
Time

Quick Look

1file
hour

\ JAXA CALET GSE /

GSE: Ground Support Equipment (b EZiERE) 3

CALET ﬁ%ﬁﬁ
T30

WCOC
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High Energy Shower
Trigger (HE)

Low Energy Shower
Trigger (LE)

Single Trigger (Single)

Trigger Mode

— High energy electrons (10GeV ~20TeV)
- High energy gamma rays (10GeV ~10TeV)
— Nuclei (a few10GeV~1000TeV)

- Low energy electron at high latitude(1GeV ~10GeV)
- - GeV gamma-rays originated from GRB (1GeV ~)

- GeV gamma-rays at low latitude (1GeV ~)

— Ultra heavy nuclei (combined with heavy mode)

‘ — For detector calibration : penetrating particle
(mainly protons and heliums)

(*) In addition to above 3 trigger modes, heavy modes are defined for each of the above trigger mode. They
are omitted here for simple explanation.

Auto Trigger
(Pedestal/Test Pulse)

‘ — For calibration: ADC offset measurement (Pedestal),
FEC' s response measurement (Test pulse)

ICRR seminar 40



On-orbit Operation
Aroa—)Lav AW -gE L ERTER

BIILF—EFEA(High Energy Electoron Observation)
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On-orbit Operation
ARroa—)LavUrZzAVV-EE LERETERR

{ETRILF—EBFEHBI(Low Energy Electoron Run)
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On-orbit Operation
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Real Time

Monitoring

Quick Look(QL)% F&
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QL Event Viewer

IR

H EEEEN
ERECCUE E

ANEEENEENEENEEEn
EE ERFEfEEEEEEEE

EEENCTEE  EEODEE

Event ID:17276, Event time: 2015/10/14 UT 03:51:12, 1128829872.0686sec @ APD @ HG @ Log M Al [ S []L OH
Zenith 27.80deg, Azimuth 64.05deg, EDep TASC (APD-HG) 136.79GeV

Data Size:4988byte, 3packets ':3‘ PD C’ LG ‘::‘ Lin D PT D HS D HL D HH
| uit | ‘ save | ’ ‘ ‘ stop ‘ ‘ ‘ ‘ ‘ lrilter‘ | e | ) Proscaling: (1___ [}
' ‘ ‘ Itgl { [] Tracking

Value (@ ADU () MIP () Energy IMCHist (@) Relative(All) () Ralative(layer) () Absolute [1.00 ‘:{ ~ [50.00 [Z]

Current time: 2013/10/14 UT 03:51:43, 1444794703.5814sec, Event ID=17283 Total events: 2496 ‘ ‘
GSE time: 20153/10/14 UT 03:31:41, 1444794701.00008ec, Curr-GSE = 2.38sec Total frames: 372350

Telemtry time: 2015/10/14 uT 03:51:13, 1128829873.0232sec, Curr-Tlm = 30.36sec Total data size: 33.49MB | ‘
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