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Main Telescope: Calorimeter (CAL) CGBM

» Electrons: 1 GeV — 20 TeV
« Gamma-rays: 10 GeV —10* TeV
(Gamma-ray Bursts: > 1 GeV)

* Protons and Heavy lons:

10’s of GeV — 1,000* TeV
» Ultra Heavy (Z>28) nuclei:

E > 600 MeV/nucleon
Gamma-ray Burst Monitor (CGBM)
o X-rays/Soft Gamma-rays: 7keV — 20MeV

Talk by S.Ricciarini in Gamma-ray session on Sep.12 )

Science Objectives Observation Targets

Nearby Cosmic-ray Sources Electron spectrum intrans-TeV region

Launched on
Aug.19, 2015

30 X : nearly
atmospheric
depth

Dark Matter Signaturesin electron/gamma energy spectra in
Talk by H.Motz in Dark Matter session on Sep.13 10 GeV —10 TeV region

Origin and Acceleration of Cosmic Rays p-Fe over several tens of GeV, Ultra-Heavy lons

Cosmic—ray Propagation in the Galaxy B/C ratio up to several TeV /nucleon
Solar Physics Electron flux below 10 GeV
Gamma-ray Transients Xrays/Gamma-raysin 7 keV -20 MeV

September 12-15, 2016 TeVPA2016@CERN 2



A CALET collaboration team e 11

AXA

. Adriani?®®, Y. Akaike?, K. Asano’, Y. Asaoka’3!, M.6. Bagliesi?®®, 6. Bigongiari?®>, W.R. Binns3?, S. Bonechi?’,
M. Bongi?®®, P. Brogi?°, J.H. Buckley32, N. Cannady!?, 6. Castellini?®>, C. Checchia?®, M.L. Cherry!?,

6. Collazuol?®, V. Di Felice?®, K. Ebisawa®, H. Fuke®, G.A. de Nalfo !4, T.6. 6uzik!'?, T. Hams3, M. Hareyama?3,
N. Hasebe3!, K. Hibino'®, M. Ichimura*, K. Ioka34, W.Ishizaki’, M.H. Israel??, A. Javaid!?, K. Kasahara3!,
J. Kataoka3!, R. Kataoka'®, Y. Katayose33, C. Kato??, Y .Kawakubo!, N. Kawanaka3°, H. Kitamura!®,

H.S. Krawczynski®2, J.F. Krizmanic?, S. Kuramata®, T. Lomtadze?’, P. Maestro?®>, P.S. Marrocchesi?®,
A.M. Messineo?”, J.W. Mitchell'4, S. Miyake®, K. Mizutani?®®, A.A. Moiseev3, K. Mori®3!, M. Mori!®, N. Mori?5,
H.M. Motz3!, K. Munakata??, H. Murakami3!, Y.E. Nakagawa®, S. Nakahira®, J. Nishimura®, S. Okuno!©,
J.F. Ormes?*, S. Ozawa3!, L. Pacini®®, F. Palma®®, P. Papini?®®, A.V. Penacchioni?®, B.F. Rauch3?,

S.B. Ricciarini®®, K. Sakai®, T. Sakamoto!, M. Sasaki®, Y. Shimizu!®, A. Shiomi'”, R. Sparvoli?®, P. Spillantini?>,
F. Stolzi?®®, I. Takahashi!!, M. Takayanagi®, M. Takita’, T. Tamura!?, N. Tateyama!?, T. Terasawa’,

H. Tomida®, S. Torii®3!, Y. Tunesadal!®, Y. Uchihoril3, S. Ueno®, E. Vannuccini?®, J.P. Wefel!?, K. Yamaoka!3,

S. Yanagita®, A. Yoshida!, K. Yoshida?!, and T. Yuda’

1) Aoyama Gakuin University, Japan 18) Osaka City University, Japan

2) CRESST/NASA/GSFC andUniversities Space Research ~ 19) Ritsumeikan University, Japan
Association, USA 20) Saitama University, Japan

3) CRESST/NASA/GSFC and University of Maryland, USA  21) Shibaura Institute of Technology, Japan

o

4) Hirosaki University, Japan

5) IbarakiNational College of Technology, Japan
6) Ibaraki University, Japan

7) ICRR, University of Tokyo, Japan

8) ISAS/JAXA Japan

9) JAXA, Japan

10) Kanagawa University, Japan

11) Kavli IPMU, University of Tokyo, Japan

12) Louisiana State University, USA

13) Nagoya University, Japan

14) NASA/GSFC,USA

15) National Inst. of Radiological Sciences, Japan
16) National Institute of Polar Research, Japan
17) Nihon University, Japan

22) Shinshu University, Japan

23) St. Marianna University School of Medicine, Japan
24) University of Denver, USA

25) University of Florence, IFAC (CNR) and INFN, Italy
26) University of Padova and INFN, Italy

27) University of Pisa and INFN, Italy

28) University of Rome Tor Vergata and INFN, Italy
29) University of Sienaand INFN, Italy

30) University of Tokyo, Japan

31) Waseda University, Japan

32) Washington University-St. Louis, USA

33) Yokohama National University, Japan

34) Yukawa Institute for Theoretical Physics, Kyoto University, Japan



CGBM/SGM

CGBM/HXM

GPSR
(GPS Receiver)

CALET System Overview LKA

FRGF (Flight Releasable

/ Grapple Fixture)

ASC (Advanced
Stellar Compass)

CALORIMETER (CHD/IMC/TASC)

-

CHD-FEC = CHD-FEC
R — \

| CAL/CHD
HV Box
CAL/MC
MDC (Mission
Data Controller) CAL/TASC
B X2
J CGBM . ‘~" 7keV-1MeV
(CALET v/ A
- Mass: 612.8 kg Gamma-ray | , \
- JEM Standard Payload Size Burst LaBr,(Ce
1850mm(L) X 800mm(W) X 1000mm(H) Monitor) - x1

- Telemetry:

- Power Consumption: 507 W (max)

Medium 600 kbps (6.5GB/day) / Low 50 kbps
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CALET: Instrument Overview

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

CHD-FEC PMT

45cm  SCIN

MAPMT

> }
CHD

VA Chip
Assembly >_ IMC
IMC-FEC
; S(iFi'—/
and = =
&
§ TASC-FEC 5 ~ TAsC
PD/APD
—

ETYN

1 TeV electron shower

(Charge Detector)

Unique features of CALET

A dedicated charge detector + multiple dE/dx
track sampling in the IMC allow to identify
individual nuclear species (Az~0.15-0.35¢).

Thick(~30 Xp), fully active calorimeter allows
measurements well into the TeV energy region
with excellentenergy resolution (~2-3%)

High granularity imaging pre-shower calorimeter
accurately identify the arrival direction of incident
particles (~0.2° ) and the starting pointof
electro-magnetic showers.

Combined, they powerfully separate electrons
from the abundantprotons:rejection power ~10°.

Function Charge Measurement (Z=1-40)
Sensor Plastic Scintillator : 14 X 1 layer (x,y)

(+ Absorber) UnitSize:32mm x 10mm x 450mm
Readout PMT+CSA

September 12-15, 2016

IMC TASC
(Imaging Calorimeter) (Total Absorption Calorimeter)
Arrival Direction, Particle ID Energy Measurement, Particle ID
SciFi: 448 x 8 layers (x,y) =7168 PWO log: 16 x 6 layers (x,y)= 192
Unit size: Imm?x 448 mm Unitsize: 19mm x 20mm x 326mm
Total thickness of Tungsten: 3 X, Total Thickness of PWO: 27 X,
APD/PD+CSA

64 -anode PMT(HPK) + ASIC

TeVPA2016@CERN

PMT+CSA ( for Trigger) @top Ia%er




CHD

IMC

TASC

14 x 1 layer (x,y) = 28
32mmx 10mmx 450mm
Plastic Scintillator
+ PMT

RS oh e
L oo

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

Scintillating Fiber
+ 64anode PMT

16 x 6 layers (x,y)= 192
19mm x 20mm x 326 mm
Scintillator(PWO) =
+ APD/PD

W, or PMT(X1)

N )
T *

September 12-15, 2016

Completed Component
with Front End Circuit

CHD/IMC



Al

System Test of Flight Model w7

Acoustic test, Thermal-Vacuum test and
EMC test at Tsukuba Space Center (JAXA)

September 12-15, 2016 TeVPA2016@CERN



CERN Beam Test using the STM Charge Betecion CHD

Schematic Side View of the Beam Test Model

CHD + IMC
Si Tracker
TASC
Trigger L L N
Scinti.
—|
Beam
“PWO
M Brass
ImiEimEmay
Moving Table
The Beam Test Model at CERN SPS H8 Beam Line
September 12-15, 2016 ' TePA2016@CERN
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JAXA Tanegashima Space Center (TNSC)




( CALET is now on the ISS ! ’%’XA

@ August 24th:

The HTV-5 Transfer Vehicle
(HTV-5) is grabbed by the ISS
robotic arm.

the Japanese H2-B rocket
by JAXA at 20:50:49 (JST)

@ August 24th:
The HTV-5 docks to
the ISS at 2:28 (JST).

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

with the payload is
established.
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' Progress from the launch to the initial operation (1) %’*A

Launch on 8/19 via H-IIB/HTV3. Dock on 8/25 to JEM port 9. No problem for their start up.

Performed the function checkout during 8/25 to 10/8. Confirmed there were no problems on their functions
and performances.

(3) Until 11/17, 90 days after the launch, conducted an observation to achieve the minimum mission success and
obtained an appropriate amount of data. Since then, the observation has been carmed out according to the

steady processes.
8/19 L+0 HTV5 launch
8/24 L+5 V HTV5 ISS arrived, moored on ISS
HTV-EP JEM-EF moored
CALET JEM-EF#9 attached
8/25 L+6 N/ CALET boot up
$ MDC/GPSR/ASC checkout
31‘; IMC/CHD/TASC-FEC checkout
ju]
8/31 L+12| &
9/3 L+15| 735
9/4 L+16 H?-‘:}
&Y HV-BOX/GBM-EBOX/CIRC checkout
System(interlock function) checkout
9/14 L+26 V
9/15 L+27
" Schedule command file loaded
9/18 L+30

Sept}r{ber 12-15, 2016 TeVPA2016@CERN 13



[MIP]
9/22 L+3 CGBM High Voltage checkout
9/24 L+36 EE" Reached required vacuum for Calorimete
[Hﬁ: CHD checkout E
I_TI,:‘ IMC checkout =
5. TASC checkout
= . [ T [ LT[ —
F?mﬂ_ Calorimeter checkout EEE N EEE EEEE —
=TT} i i HEE B [ [ [T I ( 1] SESECSSEE E
24| CGBM detecting function checkout TTT T T T T T -
CALET overall operation checkout nEE LD EEEEEEEEE
10/5 L+47V HE EE B ([ [ [ [[] - = S
Confirmed 72 hours continuous EEEE = (T 1] .m mem = B
operation
10/8 L+50NWA Calibration Run Start
GRB 151006A: CGBM Light curve H .
Measurementof the calorimeter e ‘g, R Calorimeter :
Calibration data 1200 F SGM High—gain data (30 — 1000 keV) Electron event around the
: TeV region (candidate
10/20 |_+62b\// Initial Operation Start @100 | gion ( )
Emoo g
Observation for the minimum so0 \
mission success S0 : , . ‘ , CGBM :
Trial for the steady observation 350 — SaM Low—gain data (500 kev — 25 wevy]  FiIrst observed GRB event
process T 00 | Light Curve(GRB 151006A)
1117 L+90\/ End of the initial operation £ 250 | ':
Start observation with the e L
Steady process 0 50 100 150 200

Time since the CGBM trigger time [s]

September 12-15, 2016 TeVPA2016@CERN 14



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

TDRSS

”~

(Data Relay Test Satellite)

JAXAICS Link
Real-Time Connection
~20 % (5 hr/day)

September 12-15, 2016

NASA Li

White Sands Complex,

£
-
iy A SRl

nk

not used at present

fsdkubé
Space Center,
Japan

Scientific Operations and
Data Analysis in Collaboration
with International Team at

Waseda CALET Operations

NASA
MSFC

Tuskuba
Space Center,
ISS Operation
Building
Japan

Operation at Tsukuba Space

Center for monitoring

Center

International
Collaboration

(Japan,ltaly,USA)

Waseda CALET

Operations Center

l

Data Archive
Center
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Overview of Trigger Modes for CALET

- High energy electrons (10GeV ~20TeV)
mgh;f;g‘;fy(ggf wer - High energy gamma rays (10GeV ~10TeV)
- Nuclei (a few10GeV~1000TeV)

- Low energy electron at high latitude (1GeV ~10GeV)
L"WTEf‘ergy SE"W“ - GeV gamma-rays originated from GRB (1GeV ~)
rigger (LE) - Ultra heavy nuclei (combined with heavy mode)
Single Trigger (Single) - For detector calibration : penetrating particles
(mainly non-interacting protons and heliums)

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

Auto Trigger ‘ - For calibration:
(Pedestal/Test Pulse) - ADC offset measurement (Pedestal)
- FEC’s response measurement (Test pulse)

September 12-15, 2016 TeVPA2016@CERN 16



ISS Orbit and CALET On-orbit Operations

ISS orbit: inclination 51.6 degree, ~400 km

% aagﬁ S e Pedestal data
g wigl7 acquisition
Concept of .
on-orbit Schedule file:
operations 2 . sequence of time
w ~ - Z and command

2 rrrrera el IS 1 vy el <Y eze 747 Low energy electron
High energy trigger is always active - ™ Longiude (deg] "
shower data acquisition

Dependence of the count rate on geomagnetic latitude

=107 : w 10° :
% HE trigear L peratedfor-low-energy e i
& e DD & lectrons for 1.5 minutes it I ==
T ——
N SAA -
A&
1% Id/
10 e PO,
10% : ‘J “-‘- ¥
AN 200 . H=> - y' 4
FU=OUU T1Z S v 4
—>
. 2 11. p— 5 Operated far.low.energy.
Geomaghnetic cut-off rigidity (GV) gamma-rays except SAA
1 1 .60 1 1 1 '40 1 1 1 '20 1 1 1 0 1 1 1 20 1 1 1 1 1 1 1 1 -60 1 1 1-40 L i i .20 i Il i 0 1 1 1 20 1 1 1 1 1 1 1

40 60
Magnetic Latitude[degree]
TeVPA2016@CERN 17

40 60
Magnetic Latitude[degree]
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Observation by High Energy Trigger

Observation by High Energy Trigger for 312 days : Oct. 13, 2015 — Aug.19, 2016
O The exposure, SQT, has reached to ~27.1 m? sr day. by continuous observation.
O Total number of the triggered events is ~ 200 million with a live time of 84 %.

Accumulated observation time (live, dead) Accumulated triggered event number
= F * x10°
% 7000 — | High Energy Trigger (312 days) g - [151013-160819] N,_=1.99 x 10° events
E = Total Observation Time (2.69x107sec) |J>_j 180 —
= 6000 :_ Live Time (2.26x107sec) 8 C
— Dead Time (Fraction 15.8%) g-, 160 E
- & T F
- £ 1w 1.99 x 108 events
5000 — 5 C . .
- g 120 triggeredin total
4000 — = c
- 2 100—
L I L
3000 — 80—
2000 Live Time: 60—
1000 - 6.38 x 10° events /day (~ 7.4Hz)
- 20—
: 1 1 1 1 1 1 L 1 1 1 1 1 1 1 : ‘ 1 1 1 | 1 1 1 | 1 1 1 | | 1 1 | 1
0 151101 160|101 160|302 160|501 160|701 : 151101 160101 160302 160501 160701
Date [yymmdd UT] Date [yymmdd UT]
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@ Energy Calibration Using “MIP” in Flight with Tests on Ground

Intrinsic Advantage of the CALET Instrument :

EM Shower Energy Measurement =TASC Energy Sum x “Small” Correction

O Active and thick calorimeter absorbs most of the electromagnetic energy
(~95%) up to the TeV region
— Fine energy resolution of ~ 2 %
— Capability of measuring shower energy from 1GeV to 1000 TeV
in 6 order of magnitude !
O In principle, energy measurement with very small systematic error is possible.
O Needs to obtain the ADC unit to energy conversion factor and to calibrate the

whole dynamic range channel by channel “MIP” peak in PWO: Obs. vs. MC

On orbit : Energy conversion factor R e — e e o
using “MIP” of p or He S w1 s

» Position and temperature dependence "

- Latitude dependence due to rigidity cutoff ™ )

On ground: Linearity measurements o e

for the whole dynamic range " [ Eecl
« CHD/IMC — Charge injection AR

« TASC — UV Laser irradiation (end-to-end) :j:’ Coom e o

02 0.25
Energy(GeV)



Energy Reconstruction for Electromagnetic Showers

Comparison of deposit energy in TASC (AE) with incident energy (E,) by simulation

120
— 10 GeV 20 GeV 50 GeV 100 GeV 200 GeV 500 GeV 1TeV
100 — !.'!‘ ;;a ; :,E « g
o i : :
— i i ; il | .. deposit :
— ; H i i i i
60 — : } i i energy
— = ¥ % t inTASC | &
a0 — H[ | — incident f :
— : : energy ;
of—  f 'j i i' $
— . ] . N . . H .
- S ;L f ; i :
0 it vl \ AN J_;"J:u ijh . ) ,J

(111 ANENEN
HENNENEN NREEER
ANNNNEEY NENENEEN

[ 1111 {1]]
AEEREED
AR "EEEEEER

4 TeV electron candidate (well contained)
= very small leakage (~ a few %)

i

=E0/A E)

Ratio (

Energy [(;2\3/]
Energy reconstruction factor vs. Energy
1.6¢
1.5;— Different
1_4:_ geometry cut

A Erpgc [GeV]
20



@ Correction of “MIP” for Temperature Variation in Time

The Active Thermal Control System
(ATCS) is adopted to stabilize

temperatures at around 20°C.

Counts

MIP variation in time

—— Calibrated
— Non-Calibrated

1400

1200

1000

800

600

400

200

1.15 1.2
MIP Ratio

[ R . [ I
8. 0.85 0.9 0.95 1 1.05 11

o]

Correction for temperature variation
in time showed by MIP ratio:

0.9 % inr.m.s after calibration

in comparison to 2.8% before .

Dec. 1, 2015

Variation of MIP values for 7 months
by temperature difference

1.1 observed TASC X1-1(PMT)

R AR A FE T R EE RN AR RN R I

'
0.9

calibrated

REREEE N NN NN I B SR ']

observed TASC Y1-5(APD/PD)

RERE P s . )
EERE Pegiitit gy
calibrated

LA L IR B I SRR O I B B I IR

«-TASC 0.0 0
«- TASC 0 0 8
—»— TASC 0_0_15

- TASC 000
+-TASC 008
<+~ TASC 0.0_15

*-TASC 1.5 0
- TASC 1 58
——-TASC 1.5 15

*-TASC_1.5 0
«-TASC 1 58
*- TASC 1.5 15

Jun. 30, 2016

*) Typical temperature dependence of MIP signal:

PMT -1.9%/°C, APD/PD -3.4%/°C




@ Position Dependence of “MIP” Signal in TASC (PWQ)

Position Dependence of MIP signals of non-interacting He in PWO Log:

Attenuation of Light Yield (1) + Temperature Distribution(2)

(1) Measured by Flight data using non-interacting p or He

(2) Analyzed by measured temperatures using thermal-vacuum test results on ground

Observed signal are affected by attenuation in length and light yield depending on

temperature gradient (At—~2°C) . These effects tend to compensate with each other.

An example of the position
dependence and the calibration.

fe) 15

§14 —e— Observed

%1.3 —e— Calibrated
1.2

1.1

M

0.9 .,
0.8 *
0.7 .

05 Normalized at the center

0.5

0 5 10 15 20 25 30
Distance from APD/PD(cm)

5 o
3 900

The dependenceis reduced to 1.57 %
(rm.s) for a whole of the PWO logs
after calibrations.

41000

ww= QObserved

800 ]' —— Calibrated

S00

2 13 14
MIP Rato




Correction of “MIP” Variation for Geomagnetic Cut-off

T.Niita et al. ASR 55(2015) 2500 Comparison of observed MIP of
11 non-interacting He with simulations
s —10? F o
. Simulation — ol
1.05— ] < 2 4 = v Smuaton
- 1 = = TASC X-1(PMT)
- 1 S 4
w1 ® - > '
S f b b S Lo :
= 095— “ O = e ‘ : '
> s - W
o 1 0 110 @ -
= 09K | 1 8
- O o 0.8
C O =
0.85 = < 07
= 0O 4 0 10 20 30 40 50 60 70
(0 ). ] N PP AP IS BT B B F . e
10 20 30 40 50 60 =
. . a 12
Corrected Geomagnetic Latitude [deg] 3 TASC Y6(APD/PD)
The MIP values depends on the Geomagnetic !
. . 1 * ° ’ *
Latitudes since the observed average energy
varies with the rigidity from 3 to 15 GeV. ”
(Since an inclination angle of the ISS orbit o
is 51.6 degree) VNN .
The variation of the MIP values is expected Corrected Geomagnetic Latiude (deg
within a few %. Discrepancy between observed MIP

and simulated is within 3 %.



e 58664-1010

Pl D (5.8mm?)

APD gain ~50 CR-2RC-CR

>thainShaper 5@
APD [ Calibrating full range (6 order of
L~ “\_Low Gain Shaper > ® magnitude) is quite a challenge !
PWO CSA |~
ygh Gain Shaper» @ =_ ____________________
PD | > " Low Gain Shaper Gal.n Rat.lo i
7 —> @ | calibration i
o p— 1
APD-High APD-Low PD-High PD-Low |YsineUV 1o .
; i o Pulse Laser | & ||
w |
o

log(ADC value)

A" \% A4

0.1MIP | | | | 106MIP I .
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Correlation between Adjacent Gain Range for In-flight Data

APD high-low correlation | APD(low)-PD(high) correlation
- 3EO00 e s 35000 - <10
o F N -
L 30000 F- - % 30000 . e e e 5000
- o —{eme - % i
] 25000 9 -
oo 2 APD-H/L: 0.2% —as popoof- O _L/PD-H: 29
- o / 6 = E o . APD-L/PD-H:2% |
15000 - . 15000F " '
F C ' —z000
B X2 01 0 10000 £ - | X2 01 1
S000E- APD-Low |=ti= tsssiizan tong wmf_ C PD-—HIgh Eniias 1 B5ET 807 1000
":—. T EPEPEPETE PR BRI BT i [}:‘L‘“' s e A I D SR SR Ly | a
00 0 500 1000 1500 20a0 254D 5000 500 1000 1500 2000 2500
APD-L PFD-H
The correlation between adjacent gain On-ground UV laser test for linearity
ranges is calibrated by using in-flight data ) S Y Y S S
in each channel . The linearity has been | _ o2 Rews,,l_dual for Imear f'--tt-'-ng ----------------------------------------
|| r |n V | r il’l’ | t| n on g 012_ .......................... ................................
calibrated by using UV lase adiation o LR S— ....o.,!,.on,..o,?, ..... e . ."' ..!.9.9f¢000 00000,
ground : 6 o000 o e
1) The linearity is confirmed in the range | © 02 _ApDH APD- L pDHpDL
Of 1 2-24 %, 04 _ .......................... 11 ............................... 1| ................................ 1 ...............................
2) The whole dynamic range is confirmed 107 10 10° 102 10! 1 10
to cover from 1 MIP to 10% MIPs. Laser Energy [u]




2 =
- o
@) > € o S
= . 53
ol —~ ol o
™ =
— O >T o o >
o}
= © ©o0 B~ g
—_— 3 < 20 ]
(40 c : (o)
e) > O
o > W
C 5 w =2 on
(] (O] O O (OIN )]
b cC s =T cC Cc
e c 0 0S5 = 1 S
+ nW ©
(@))] oc w 1o S
— O o o0 — o T
(- s o = > :
- e T - = =
N S @mmmmmmmmmmmwmmmmmmmwmmmwgmmwmm%%mﬁ -
e —— o) m V v m .
@ o
c M AE 2 w
= = O / -
[ S
t b n o E@@@.@@@@.@@Em. s
(®) ) m@mmm@mmwmmgm@m@m@m@m%mmmmmmmmmmmm% .
- — O e o .mﬂ@ .m@@ﬁmmﬂmmmﬂmmmm . MEMWMMMW
g et | - d O G E@m.mﬂ@m.mﬂ@m.m @.m.mﬂm.mﬂﬂ
e
T O .m.u — -
- ECE DT o -
— ESE Q .
= = O O -
p c V .
cC C () c O %@%m@@@mm .
o = -
O S h O G mﬂ@mmﬂ@ . E@E.m@@m.mﬂ@m.mmmmmmmmmmmmm .
L @Emﬁ@ﬂm@@@mﬂ%@mﬂ@mm@@mmw
O >S5 O o -
d - . . .
A i
o, ~
> SJUBAT JO Jaquinp
o | | 3 0
P - @ _ | < m 5% +
- ) 3 1l 4%% | &8 vl
D) = < - s @ |l = 173 |s= ]
3 ] 82 _ ]
O >0 | ¢ ¢ Iy @ 1% |3858
co=0 g & Il O o 1 8 g2z 1
o e o) < < | | o 18 g =2¢ aa
s 9 | | S S T 6 % |
e —— C C 35 £ .m | | ) ()] 1 B 2238 aw
L — =
ow O | ;s il Qe [ 2 |[FEEE .
— - -E-NEE i s 1% ... -i®
> = @ ] O . ]
ok =g : i 5e -]
2] C o o _ I ] c ]
a a C a | | o m b o
c .= L o5 o ]
m ‘on L | | + ow
e L (7)) RN Ow S o
S o —H o
= S 2=5 23 3 S < 3"
T = o = ] N ]
) nnu — aru [l & ) © ® ]
i 1 7 p -
y o 2 i R > e w
o £E56 | ‘ S ‘
d e O O | | baet ° mo
S O < =55 ) Je
e d S ..nm S 42 c ® wo 1~
—_— ] ]
n e % S b ] E © = O 1
— — — X e m w H 0 s O 7
w & s o 1 co 1
— ___j___:_j__:
o e & e ¥ oo
[%] 3/3V Jou3 annejeY [%] (uswureiuod %g9) 3/3v

Energy [GeV]



B\ Energy Deposit Distribution of All Triggered-Events by
Observation for Nearly 10 months

Distribution of deposit energies in TASC observed in 2015.10.13—2016.08.19
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The TASC energy measurements have successfully been
carried out in the dynamic range of 1 GeV — several 100 TeV.
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Preliminary Nuclei Measurements —p, He —

data selection is NOT representive of elemental abundances

e L I L L -
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2500 = He \l E
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3 IC-Z D2 Using multiple dE/dx measurements from
JoF e the IMC scin/lla/ng fibers (upstream the
' J ; interaction point), a complementary charge
N 25 measurement from IMC is ploted vs the CHD
%1 . ' charge assignment (abscissa).
1* A clear separation between p and He
- can be seen from preliminary data analysis.




Preliminary Nuclei Measurements —Z =3~ 40 —

Charge Identification after pre-selection cuts

data selection is NOT representatve of elemental abundances
data selection is NOT representative of elemental abundances
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Preliminary Status of Electron Observations

For an observation for 312 days (Oct. 13, 2015 — Aug. 19, 2016),

a number of the selected electron candidates is about 1.14 x 10 6
event (>10GeV) with an efficiency cut of 90 % (without correction of
proton contamination: less than several %).

QL Display of Electron Candidates (> 10 GeV)
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YYMMDDHH: 15101303 EventID:1128743511-15741 UTCTime:2013/10/13/03:32:18.41342 KE 7.45[GeV] RE 4.5079[cm] FE 0.0036 Entry: 30883
No. dirx diry dirz posX posY posz chi2 x ¥Wp_x chi2 y Np_ y xeni:h[da ] Azimuth{deg]  Color ID
o 0.07 0.37 0.93 3.26 -17.83 0.00 0.35 7 1.23 8 -79.64 2
1 .03 0.37 0.93 3.82 -17.83 0.00 0.31 7 0.29 8 21 92 -77.90 3
2 .03 0.37 0.93 3.82 -17.83 0.00 0.31 7 0.29 8 21.92 -77.90 4
3 .07 0.93 3.23 -17.83 0.00 0. 0.28 8 22.08 -79.67 5
o Rnnuod TrgMode Presl Energy FE R E X n«: X7X8 nIMC_Y7Y8 nTASC_X1 nINC_X8 nIMC Y8 n nc X8-EM !nc e n( L nIncX8-SI nIncY8-8I L concX8 concY8
01 1 1 1 1 0 7.446e+00 3.613e-03 4.51 -0.19 1. 0402 1.362e+02 1.348e+02 6.073e+01 4.777e+01 9. e-01 2.16 0 9.976e-01 2.167e-01 0 0.6172 0.3651

EntryNum [:30883 < Tracking

MDCTime [ 1128743511 |2 - Er;:;gy Jr L ‘ ‘ ‘ ' ‘ ]‘ Save ‘ ‘ Stop ‘ ‘ Quit ‘
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Preliminary Simple e/p Separation

2,-{“&1 x (% - "c)z}

YA{XAE; ; x R%;} Y;AE;2 B = T,AE

. ey _ jolig i — j8EL

Definition of parameters R = 5.3, AF; Fg Y., 0E,, x, - Shower axis center
(Lateral Spread) (Shower development) AE;j- AEati-th layer, j-th PWO

Observed events (As of Nov.17, 2015 -- 90 days after launch: observation ~1 month)
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The K values are optimized by
simulation to get a selection
efficiency of 90% in each
energyrange.

.2;5—3.17 % 80;_ .%;5—3.17
mEFE> |8 700 WiSFE27
Np/Ne =185 1 gof Np/Ne =350| I vJery preliminary analysis

@63GeV @200GeV

using only two parameters.
Multi parameter analysis will
be applied to achieve better
separation as expected from
simulations.

Simulation
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Differential Energy Distribution of the Electron-Candidates
in 10-1000 GeV by observation for nearly 10 months

Energy Fraction

Observation: e/p separation
after pre-selection cuts

Events
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Z
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Simulation : e/p at 1TeV ~1.3 x10°
with ~90% efficiency for electrons

N T T T T I T T T T I T T T
- Boosted Decision Trees
L after pre-selection cuts

102E

10k

BDT value

Differential energy distribution reconstructed by
using the electron candidate events observed in
2015.10.13—2016.08.19

min;ion

1.14 x 10%events (>10 GeV)

Only statistical errors presented
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| 1 1 IIIlII| 1 1 | I N |
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Energy [GeV]

D Energies are reconstructed after the calibrations.
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Examples of Electron Candidates in TeV Region

Energy: 3.62 TeV (6=26.5°)
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CALET Main Target: Identification of Electron Sources

Some nearby sources, e.g. Vela SNR, might have unique signatures
in the electron energy spectrum in the TeV region (Kobayashi et al. ApJ 2004)

Expected flux >10 GeV ~2.7x107
for 5 year mission R— B
assuming E3 © =X
>1000 GeV ~1.0x 103
- E.=20TeV, r = 5><1o3yr Calculated results normalized
| D,=2x10% cm?s’ T 1.9 to the observed at 100 GeV
7 e H" Original flux x 0.65
d‘;‘ Dulsar or L}aﬁﬂ\/l;ltier ?
S A
2 107
wm
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E, i .
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= |dentification of the unique signature from nearby SRNs,
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Measurements of Cosmic Nuclei Spectra with CALET

* Hardening in the p and He at 200 GV observed by PAMELA

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

* Data below 100 GeV/n indicate 6~0.6. At high energy the
ratio is expected to flatten out (otherwise CR anisotropy
should be largerthan that observed)
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CALET’s first publication NOT for Cosmic Rays

Accepted article online 25 APR 2016 Relativistic Electron Precipitation

. © Aurora Electrons
Geophysical Research Letters

Van Allen belt

Aurora
Relativistic electron precipitation at International
Space Station: Space weather monitoring International Space Station

. o Elect
by Calorimetric Electron Telescope @
Ryuho Kataoka'?, Yoichi Asaoka®, Shoji Torii**, Toshio Terasawa®, Shunsuke Ozawa®, K Electrons
Tadahisa Tamura®, Yuki Shimizu®, Yosui Akaike®, and Masaki Mori’ o
'Space and Upper Atmospheric Sciences Group, National Institute of Polar Research, Tachikawa, Japan, Department of K_ ‘Irr/\
Polar Science, School of Multidisciplinary Sciences, SOKENDAI (Graduate University for Advanced Studies), Tachikawa, l,r'-r Protons
Japan, *Research Institute for Science and Engineering, Waseda University, Shinjuku, Japan, “Department of Physics, Electromagnetic lon Cyclotron Waves
Waseda University, Shinjuku, Japan, “Institute for Cosmic Ray Research, University of Tokyo, Kashiwa, Japan, “Institute of Plasma Waves
Physics, Kanagawa University, Yokohama, Japan, "Department of Physical Sciences, Ritsumeikan University, Kusatsu, Japan
Abstract The charge detector (CHD) of the Calorimetric Electron Telescope (CALET) on board the Intemational CHD X and Y count rate increase by REP
2015/11/10 0930-0942 UT

Space Station (1SS) has a huge geometric factor for detecting MeV electrons and is sensitive to relativistic electron
precipitation (REP) events. During the first 4months, CALET CHD observed REP events mainly at the dusk to 3
midnight sector near the plasmapause, where the trapped radiation belt electrons can be effidently scattered by 1 ! 1
electromagnetic ion cyclotron (EMIQ) waves. Here we show that interesting 5-20 s periodicity regularly exists i '
during the REP events at ISS, which is useful to diagnose the wave-particle interactions associated with the - TN ;s
nonlinear wave growth of EMIC-triggered emissions. - T t———— —

Space Weather is now a new :
topicof the CALET science !!

Period (sec)
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CALET UPPER LIMITS ON X-RAY AND
GAMMA-RAY COUNTERPARTS OF GW 151226

http://arxiv.org/abs/1607.00233v2: accepted by Astrophysical Journal Letters

The CGBM covered 32.5% and 49.1% of the GW 151226 sky localization probability in the 7
keV - 1 MeV and 40 keV - 20 MeV bands respectively. We place a 90% upper limitof2 x 107
ergcm=2s-"in the 1 - 100 GeV band where CAL reaches 15% of the integrated LIGO
probability (~1.1 sr). The CGBM 7 ¢ upper limits are 1.0 x 106 ergcm~2 s-' (7-500 keV) and 1.8
x 10-%ergecm—= s (50-1000 keV) for one second exposure. Those upper limits correspond to
the luminosity of 3-5 x104° erg s~' which is significantly lower than typical short GRBs.

CGBM light curve at a moment Upper limit for gamma-ray burst

ofthe GW151226 event monitors and Calorimeter
HXM: 7-500 keV SGM: 50-1000 keV

Ilgnu- 2 The k ot I r HXM (left) and S( odd = '} ul.m'..:
H\l I \< RII fr l ll [:’ encrgy bands ar L \ t' W ||\\l I 0 keV fo

-1 OO Gev ours. The shadow of |\"~ Is l, s black ha l

c/s)

1Py it yph
SCAL The GW 158 »., mag

Calorlmeter 1

Rate [¢/s)
Rate |

- - - Figure 3. The sky of the 0% r limit for 1\| the 1-10¢ \l i \ law modd with shoton index of
Time since 2015/12/26 03:38:53.65 [s] Time since 2015/12/26 03:38:53.65 [s] s ssed] th calcalnge the upper imit. ‘Toe GW 151226 probability m bor Lol S
l‘lg are 1. The CGBM light curves in 0.125 s time resolution for the high-gain data (left) and the low-gain data (right). The
time is offset from th LIGO trigger time of GW 151226, The dashed-lines u-rrn;--nd to the 5 o level from the mean count

rate using the data of £10 s
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Summary

O CALET was successfully launched from Tanega-
shima Space Center (TNSC) on Aug. 19, 2015,
and the detector is being very stable for observation

since Oct. 13, 2015. As of Aug.19, 2016, nearly 200 x
million events are collected with high energy trigger. 2y 5 i —— -

w _é

O Careful calibrations have been adopted by using “MIP” signals of the non-interacting p &
He events, and the linearity in the energy measurements up to 106 MIPs is established
within a few % by using observe shower events. As a result, the TASC energy
measurement is confirmed to be: (1) Errors over 10 GeV are less than a few %. (2)
Energy resolution is less than 2 % over 100 GeV for electromagnetic showers. (3) TASC

energy deposits are successfully measured up to 500 TeV.

O Electron selection is carried out with 90% efficiency cut up to 1 TeV, and 1.14 x 106
electron candidates are selected over 10 GeV among 1.47 x 108 triggered events,
Electron event candidates have been observed above 1 TeV.

O Cosmic rays from proton to Feand Ultra Heavyions (26 < Z < 40), as well as gamma-
rays have been detected. Energy spectra, relati ve elemental abundances and secondary-
“o—primary ratios are being measured.

O CALET’s CGBM has measured the lightcurves of 30 GRB’s as of July, 2016.

O 5-year Observations are planned.



