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CALET International Collaboration

JAPAN 22 institutions

Aoyama Gakuin Universi -

Hineala Dnversity oY » FHEMZH AR FERERS
Ibaraki University . Japan Aerospace Exploration Agency

Institute for Cosmic Ray Research, University of Tokyo
JAXA /Space Environment Utilization Center

JAXA [ Institute of Aerospace and Astronautical Sciences
St. Marianna University, School of Medicine

Kanagawa Universi

High Energy Accelerator Research Organization (KEK) ] .
Nagoya Untversity Waseda University
National Institute of Radiological Sciences dalsob
National Institute of Polar Research supported also by
Nihon University JSPS,MEXT
Ritsumeikan University

Saitama Universi

Shibaura Institute of Technology
Shinshu University

Tokiwa Universit?' CALET is a
Tokyo Institute of Technolo :
Uniz'rersity of Tokyo & Recog n ized
Waseda University (PI Institute) Experiment
Yokohama National University

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

University of Pisa
University of Roma Tor Vergata
University of Padova

USA 6 institutions
NASA /GSFC
CRESST /NASA /GSFC and University of Maryland

CRESST/NASA /GSFC and Universities Space Research Association
Louisiana State Universi

Washington University - 5t Louis

University of Denver
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CALorimetric Electron Telescope Payload ’%*A

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

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

Gamma - Ray Burst Monitor

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.
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CALET is now on the ISS ! LKA

@ 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.

T (3 August 24th:

: The HTV-5 docks to
the ISS at 19:28
(JSTT).
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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 Observation Targets

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

Signatures in electron/gamma energy spectra in the

Dark Matter several GeV — 10 TeV range

p-Fe energy spectra up to 10'° eV and trans-iron

Cosmic-ray Origin and Acceleration elements (Z=26-40) at a few GeV

Cosmic—ray Propagation in the Galaxy B/C ratio above TeV /nucleon

Solar Physics Electron flux below 10 GeV

Gamma-ray Transients Gamma-rays and X-rays in the 7 keV - 20 MeV range

20154 9H26H BHAYEZZ@KRHTX 6
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»Charge Detector (CHD)
-Imaging Calorimeter (IMC)
= Total Absorption Calorimeter (TASC)

H T IN—AFE=4(CGBM)

*Hard X-ray Monitor (HXM)
LaBr; : 7TkeV~1MeV

»Soft ¥ —ray Monitor (SGM)
BGO : 100keV~20MeV

7 —SAE- BiR

=Mission Data Controller (MDC)

HE, T—2EZE.NIA. EBR
-HV-BOX
=S EEEJE (PMT:68ch, APD:22¢ch)

HR—h Y

*Advanced Stellar Compass (ASC)
EHZEED A MBEIE

=GPS Receiver (GPSR)
AR IADBFZFFF (<1ms)

HV-BOX MDC
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CALET Instrument Characteristics

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

. o

> IMC

™ 45 cm s

CHD - FEC

VA Chip Assy

IMC- FEC

a TASC- FEC

PD/ APD

a > TASC

1 TeV electron shower

O 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
pariicles (~0.2°) the starting point of
electro-magnetic showers. Combined,
they powerfully separate electrons from
the abundant protons: rejection power
(~109).

O A dedicated charge detector + multiple

dE/dx track sampling in the IMC allow to
identify individual nuclear species
(Az~0.15-0.3).

Energy Measurement, Particle ID

Function Charge Measurement (Z=1-40) Arrival Direction, Particle ID
Sensor Plastic Scintillator : 14 x 1 layer (x,y) Scifi : 448 x8 'ayef‘ Bionl) AL
(+ Absorber) Unit Size: 32mm x 10mm x 450mm Unit size: Imm~ x 448 mm
' Total thickness of Tungsten: 3 X,
Readout PMT+CSA 64 -anode PMT(HPK) + ASIC

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




14 x 1 layer (x,y) = 28
32mm X 10mm x 450mm

CHD-FEC
o —— e

e e CHD
) - S P —

IMC-FEC

448 x 8 layers (x,y) =7168
1mm?2 x 448 mm

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

a(Scintillator(PWO)"
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¢ Proton rejection power of 10° can be achieved with IMC and TASC
shower imaging capability.

% Change of incident particle js.determined to 0,=0.15-0.3 with the CHD.
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CALET Expected Performance by Simulations —electrons & gamma-ray —
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) Overview of Trigger modes for CALET

High Energy Shower

Trigger (HE) -

High energy electrons (10GeV ~20TeV)
High energy gamma rays (10GeV ~10TeV)
Nuclei (a few10GeV~000TeV)

Low Epergy Shower Low energy electron at high latitude(1GeV ~10GeV)
Trigger (LE) » - GeV gamma- rays originated from GRB (1GeV ~)
Ultra heavy nuclei (combined with heavy mode)

Single Trigger (Single)
- - 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)

Predominantly, timestamped changes of trigger setting are described in
schedule command file. It makes possible to take pedestals, penetrating
particles, low energy electrons at high latitude, and other dedicated data
in addition to the most important high energy shower data.




Operation Planning

* Optimization of observation condition

— Stable and continuous data taking to accumulate HE electron
events is the primary and the most important task of the
nominal operation.

— Need to schedule calibrations runs (pedestal, penetrating p/He)

— We can think of other trigger mode as long as it does not affect
high energy electron data statistics to maximize the outcome

e Every day observation plan

— realization with schedule command file
* changing of observation mode

Latitude [deg
=

° ' Schedule files
20 -:'::--._4-‘;' / f
s sequence o
© ¥ 7/ Z time and
e r— v 5
“AHE electron trigger is ALWAYS ON [y 7~ comman
S e e V77

50
Longitude [deq]



Trigger mode can be set independently for HE, LE and Single (SI)

1. Trigger Mask

Example of Trigger Setting

Selects trigger mode for which data — —3)| HE

acquisition is initiated. (logical OR )
2. LD* Mask

Selects LDs to be required
in the coincidence for trigger

3. LD* threshold

Discriminator threshold for each LD is
adjustable (for simplicity shown in MIP)

(* LD: Lower Discriminator) \

Considering the shower development,
large energy deposit is required in the

High Energy Shower Trigger

middle of the detector

*Selects shower events
*Severely suppress background
*Realizes large viewing angle

LE SI

- 0.7 0.7

- 0.7 0.7

- 0.7 0.7

= 0.7 0.7

\( 7.5 2.5 0.7
55 7 0.7

Nominal trigger setting to take
electron data above 10 GeV

(Trigger efficiency is 95% at 10GeV)

le




1.

Trigger Mask

Selects trigger mode for which data
acquisition is initiated. (logical OR )

LD* Mask

Selects LDs to be required n
the coincidence for trigger

LD Threshold

Discriminator threshold for each LD is
adjustable (for simplicity shown in MIP)

(* LD: Lower Discriminator)

Same as HE, but requiring all
LD to generate trigger signal

-

*Selects shower events
*Severely suppress background

*Suppresses trigger rate

Flexible setting of coincidence to be requiis possible with LD mask

Example of Trigger Setting

HE LE SI
- 0.7
0.7
- 0.7 0.7
- 0.7 0.7
- 0.7 0.7
7.5 25 0.7
55 7 0.7

Viewing angle

Nominal trigger setting to take electron
data above 1 GeV at high latitude
(Trigger efficiency is 95% at 1GeV)

-




White Sands Complex,
NASA Link NM, USA

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

TDRSS

N
i oy R

NASA Link

v e

DRTS

(Data Relay Test Satellite) Space Center
. ’
JAXAICS Link ISS Operation
Real-Time Connection -
~20 % (5 hriday) Space Center, Building
Japan Japan

201549826 H

Tuskuba

Operation at Tsukuba Space Organization

Center for monitoring

BAYEFE@KFRMHX

Scientific Operations and
Data Analysis in Collaboration

with International Team at
Waseda CALET Operations
Center

Data Archive
Center

Waseda CALET
Operations Center

!

International
Collaboration

(Italy, USA)
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CALET dataflow from orbit to ground

LOS(20%)
CALET
Recorder
onboard ISS
AOS(80%) ]
Schedule Command 18 FHETE
/ Operation Parameter IR A — Ay
File Uplink | File By 1F T —AE 1S
Commanding A
| |
5 d 5| Real Time EC1R
= Real Quick Look
Time

A BN CALET INE:=-:3ui
bB /1:c|)eur LevelO LevelO ’io Levell m

avelQ
\ JAXA CALET GSE/ WCOC

GSE: Ground Support Equipment (it {3 &)




PMEER 7T —XRA7Pa—)L (8/19-11/17)

1 8.19 Launch, Aviation, Docking

6 8.25 MDC Power on, Check-out w/o HV and Test of Operations
34 9.22  Check-out w HV (CGBM= CAL)

47 10.05 Test Observations for 3 days

50 10.08 Calibration and Parameter Setting

62 10.20 Nominal Operations

90 11.17  Minimum Mission Success

O Constraint for CAL HV activation to wait 35 days for sufficient vacuum condition

[ Starting routine observation operations 90 days after launch

O Calibration by protons and other heavy nuclei will be investigated in detail
including the dependence of temperature, position and latitude during 2 weeks

O Scheduled to obtain “minimum mission success” observation result in 90days after
launch

201549826 H BAYMEZE@KRHTX 21
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