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CALET Payload B4 B

. CGBM (CALET FRGF (Flight Releasable
Kounotori (HTV) 5 Gamma-ray Grapple Fixture)
Burst Monitor)

ASC (Advanced
Stellar Compass)

Launched on Aug. 19, 2015
{ by the Japanese H2-B rocket

Emplaced on JEM-EF port #9
on Aug. 25", 2015
. (JEM-EF: Japanese Experiment
. Module-Exposed Facility)

MDC (Mission
Data Controller)

Mass: 612.8 kg
- JEM Standard Payload Size:
1850mm (L) x 800mm (W) x 1000mm (H)
Power Consumption: 507 W (max)
- Telemetry:
Medium 600 kbps (6.5GB/day) / Low 50 kbps
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= " ISS: a Cosmic Ray Observatory in Low Earth Orblt ‘
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CALET Launch
August 19, 2015
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A CALET Capability

Field of view: ~ 45 degrees (from the zenith)

Geometrical Factor: ~ 1,040 cm2sr (for electrons) CALET: a unique set of key instruments
CHD-FEC PMT . .
W >CIN 1 TeV electron shower O CHD: a dedicated charge detector + multiple dE/dx
B e—sen ., } chp | sampling in the IMC allow to identify individual
MAPMT o ¢ T~ ———————————— nuclear species (Az~0.15-0.3 e).
Xﬁ‘sgmgly | J‘ L 7 - O IMC: a high granularity (1mm) imaging pre-
B —r — ¢ e shower calorimeter accurately identifies the
IMC-FEC = — — - arrival direction of incident particles ( ~0.1°) and
: e =% ) the starting point of electro-magnetic showers.
- _ ———. =
S - O TASC: a thick (~30 X)), fully active calorimeter
. P i allows to extend electron measurements into the TeV
§ TASC-FEC 3 ~ TASC energy region with ~2% energy resolution.

O Combined, they separate electrons from the

PD/APD o abundant protons (rejection > 10%).

BASE PANEL

Simulated Shower Profile

Gamma-ray 10 GeV Electron 1 TeV Proton 10 TeV
;
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CALET Instrument

Plastic Scintillator

Scintillating Fiber S Scintillator(PWO)
+ PMT

+ 64anode PMT + APD/PD CALORIMETER
R or PMT (X1)

l‘\\‘l\‘\‘

\ 7\ ——. ™ '.-’/.‘ ™ v . -‘ Y "O 4
CHD IMC TASC
(Charge Detector) (Imaging Calorimeter (Total Absorption Calorimeter)

Measure Charge (2=1-40) Tracking , Particle ID Energy, e/p Separation

G . Plastic Scintillators: 28 paddles Scintillating Fibers: 448 x 16 layers (X,Y) PWO logs: 16 x 12 layers (x,y): 192 logs

(th":iarl‘; 14 paddles x 2 layers (X,Y) 7 W layers (3X,): 0.2X, X 5 + 1X,x2 log size: 19 x 20 x 326 mm3
Paddle Size: 32 x 10 x 450 mm3 Scifi size: 1 x 1 x 448 mm3 Total Thickness: 27 X,, ~1.2 \,

Readout PMT+CSA 64-anode PMT+ ASIC AR DREE

PMT+CSA (for Trigger)@top layer

Vulcano Workshop 2018, May 22 P. S. Marrocchesi 7



<> CALET tracking takes advantage of the IMAGING capabilities of IMC thanks to its
granularity of 1 mm with Sci-fibers readout individually.

Example: A multi-prong event due to an interaction of the primary particle in the CHD is very

well imaged by the IMC.

Fle|

Previous event Next event Filter Autoplay

Calet event viewer (Level2)

Hits Visualization Trigger conf.

Event info | Save event Save image Save dump Save settings

Go to event: [10565

XY view ] Histos | Event dump |
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_::_:-:_j
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SEENE EN
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4 0§ EEE ENEE

CAL event ID: 60121

File entry: 622

UTC time: 2016-04-25 02:16:30
UTC time: 1461550590.665
Reconstructed event

IMC track type (TRecEvent):

--- Kalman (X)

--- Kalman (Y)

TASC track type (TRecEvent):
--- Shower axis

Vulcano Workshop 2018, May 22
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- TASC Energy Measurement: wide Dynamical Range 1-10°% MIPs

&)
2

UV Pulse Laser Cosmic Ray

“ . .
| scintillation b APD high gain

| Light AP CSA

Pwo'\
| P0igh an

Scintillation Light \ PD CSA

I
v

s SEEEEI e =

Log(ADC output)

2.Linearity measurements

1.MIP Calibration ) : Energy deposit
'I/' [’—'0.. L’;.‘ \‘.‘ Y]
. \ APD-High APD-Low PD-High
2 oA imip 10°MIP
a >
> ‘\ Log(Energy deposit)
o] \
$) \
% ¥/ i/ E Example of energy measurement in one log of TASC
Qo
o
e > é 1o APD-High -
A A _ALog(Energy deposit) I
et e 2 APD-Low
3.Correlation measurements 10°
10° PD-High
Details of our energy calibration can be found at: o |
Y.Asaoka, Y.Akaike, Y.Komiya, R.Miyata, S.Torii et al., 10 . Fhinw
Astropart. Phys. 91 (2017) 1. 1 . T
107" 1 10 102 10° 10* 10° 10°

Energy Deposit [GeV]
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CALET Main Target: Identification of Electron Sources

Some nearby sources, e.g. Vela SNR, are likely to have unique signatures
in the electron energy spectrum at the TeV scale (Kobayashi et al. Apd 2004)

= Expected Anisotropy from Vela
— E.=20TeV, t = 5x10° yr 0
9 . 10 -
| D, =2x10" cm?s’ Expected results normalized Ec= %, 1=0yr
%‘ ’%‘ to the observations at 100 GeV Dy=4x10"(cm?s")
N;' Original flux x 0.65 :
B 1L _ . 107 E ~1009
g s ,‘;“ 4,‘,,& Lo [ 10% @1TeV *
~— oo L
p 21 | — r t
g 10°F T T e *
1—(’) N T I ¥, -2 +
— B Pulsar for Dark s N 19
P 5 v Vela
'E — & CALET (5yr38
‘;‘ O PPB-BETS ¢ Fermi s , ,
o — 2
L A ATIC ¢ Pamela 10 10’
| Electron Energy (GeV)
+ ECC ® AMS-02 1.100
f = oo, r—Oyr
" 'H.E.S.S. Dg—4x102°(cmzs“)
10 | | L1111 | 1 1 1 L1 111 I 1 1 1 1 s 1.050 +
102 10° 10* §
Energy [GeV] S 1.000
s

B> possible identification of the unique signature from € |
nearby SRNs, such as Vela, in the electron

SpeCtrum by CALET in the TeV region 090 50 100 s 0 50 -100 -150

Galactic longitude (deg)
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CALET:. Cosmic-Ray Nuclei Spectra in the Multi-TeV region
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» Proton spectrum to = 900 TeV

» He spectrum to = 400 TeV/n

> Spectra of C,0,Ne,Mg,Si to # 20 TeV/n CALET energy reach

> B/Cratioto x4 -6 TeV/n (S years)

> Fe spectrum to # 10 TeV/n
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Main Scientific Objectives

Scientific Objectives Observation Targets Energy Range

Electron spectrum 1GeV - 20 TeV
CR Origin and p—~>Fe individual spectra 10 GeV - 1000 TeV
Acceleration Ultra Heavy lons (26 < Z <40) > 600 MeV/n

Gamma-rays (Diffuse + Point sources) 1GeV-1TeV
Galactic CR Propagation  B/C and sub-Fe/Fe ratios Up to some TeV/n
Nearby CR Sources Electron spectrum 100 GeV - 20 TeV
Dark Matter Signatures in electron/gamma-ray spectra 100 GeV - 20 TeV
Solar Physics Electron flux (1GeV-10GeV) <10 GeV
Gamma-ray Transients Gamma-rays and X-rays 7 keV - 20 MeV

O Electron observation in 1 GeV - 20 TeV is achieved with high energy resolution due to design optimization
for electron detection Search for Dark Matter and Nearby Sources

O Observation of cosmic-ray nuclei will be performed in energy region from 10 GeV to 1 PeV
Unravelling the CR acceleration and propagation mechanism(s)

O Detection of transient phenomena in space by stable observations
Gamma-ray bursts, Solar flares, e.m. counterpart from GW sources, ...

Vulcano Workshop 2018, May 22 P.S. Marrocchesi 12




Observation by High Energy Trigger (>10GeV)

Observation by High Energy Trigger for 870 days : Oct.13, 2015 — Dec.31, 2017
O The exposure, SQT, has reached to ~76.0 m? sr day for electron observations
by continuous and stable operations.
O Total number of the triggered events is ~ 570 million with a live time fraction
of 85.0 %.

Accumulated observation time (live, dead) Accumulated triggered event number

— x10°
E - : , 2 i
‘6'1 8000 — High Energy Trigger (811 days) ch ~ [151013-180228] NHE =5.68 x 108 events
g C Total Observation Time (6.Q4x107sec) u>_j 500 __
'_16000 — Live Time (5.89x107sec) 8 B
C Dead Time (Fraction 15.2%) g - Total N um be r
14000 — = L
- = 40— 568 x 108 events
12000 — S T
C o L
— Lu —
10000 — - 300—
_ =) -
C T L
8000 — Live Time: 85.0% -
C 200—
6000 [— -
4000 — -
- 100—
2000 — ] 6.53 x10° events /day (~ 7.6 Hz)
0 2 1 1 | 1 | 1 | 1 | | | 1 | L , 0 L 1 | 1 | 1 | 1 | 1 | 1 1 1 1 1
160101 160401 160701 161001 161231 170401 170702 171001 1712 160101 160401 160701 161001 161231 170401 170702 171001 171231
Date [yymmdd UT] Date [yymmdd UT]
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) Proton, AE=2.89 TeV
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|ISS Radiation Environment

South Atlantic Anomaly (SAA)

13x10°

"""" : ISS orbit
240" @ 2017/08/29 5:25UT
ISS ran through SAA.

CHD count rate jumped
up to ~3x10°Hz from 103
Hz, but the HE trigger
rate remained stable.

Latitude [deq]

P A v

I ////4/// //V////// /// //

0 100 250 300 350

Trigger/Count Rate
@ 2017/08/29

HE trigger was not affected by
SAA thanks to high energy
threshold (>10 GeV).

—*~ CHDX-Single

Rate [Hz]

—* CHDY-Single

—*~ TASC-Single

—*— TASC-High

(Energies of the trapped — High
particles are too low to make P,
a trigger for the Obse rvations . ) 16t = : 17/08/30‘ I I I 17IOBI3OI . ' . 17/08/30I I I I 17/08/30. : : : 17IOBI3UI I I . 17/08/30

05:10:00 05:20:00 05:30:00 05:40:00 05:50:00 OS:UOJDndisappear

=> Observation is continuously carried out even at SAA!
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Examples of temperature change correction

TASC

o 15? alfggz’ol 15/12/31 16/01/30 16/02/29 16/03/30 16/04/29 16/05/29 16/06/28
S145  xa-CHo? & i 8 — Beta Angle
% 1_3§_ correction curve §: %
o . e, CTOrE cOrection Active Thermal Control
2 : ; m*:r.:;:,m gl **wmii System (ATCS) on ISS
3 GE - can provide very stable
; ME: After correction thermal condition during
= F et i e e pnarbhe | | LONG-tem observations:
6F Zonf At ~ a few degrees
0581 v v v v v v v v v by v by =

0 5 10 15 20 25 30 15/12001
Distance from APD/PD(cm) 15/12/1
Example of long-term variation correction
o 12
"g [ —¢— Before Correction
oc 1,155 Y4-CHO05 —4&#— After Correction
& : Correction Curve
= 11
1.05|
1 mn® wget gty 4t .u”"## wt
I ‘
0.95 A X
i ¢
0.9
~Correction of long-term
085 variation (channel by channel)
0.8' , ,
16/01/01 16/07/01 16/12/31
Vulcano Workshop 2018, May 22 UTC

15/12/31

16/01/30

16/02/29  16/03/30  16/04/29  16/05/29  16/06/28

UTClyy/mm/dd] 16/6/28
Distribution of MIPs for 192 ch x 16 segmented
positions after each correction
% = PosDep Corrected
3 N Entries 5880
3T Mean 1.035
~ Correction for long- RMS 0.03063
— . . . o TempDep Corrected
1000— term variation: 1.2% Entries 5880
B Mean 1.024
- RMS 0.02073
800— TimeDep Corrected
N Entries 5880
L Mean 1.002
600— RMS 0.01157
- Temperature Position
400~ Correction: Correction: 3.1%
B 21 %
200(—
_I L1l I L1l I | I T - | 1 e e [ ) I T
85 08 09 09 1 105 11 115 12
Conversion Factor Ratio 16



Energy Resolution for Electrons by On-orbit Calibration

Y.Asaoka, Y.Akaike, Y.Komiya, R.Miyata, S.Torii et al.,
Astroparticle Physics 91 (2017) 1.

Considering the calibration errors and instrument
noise, energy resolution is estimated as a function
of energy.

Energy dependence of energy resolution

~ 20
o :
— 18— ¢  TASC only (w/Calib. Error)
s = TASC+IMC (w/Calib. Error)
16—
E — . ©  TASC only (Ideal)
8 14— o©
= R T o TASC+IMC (Ideal)
(@] B
© 12 7,
o~ i °
® 10— . : .
el s Fine energy resolution of 2% or
o S8Fe ¢ 8 . better was obtained above 20GeV.
< = . B - .
6: 2 o 8 .
- u]
o= e "1,
2;_———D-9;'E|-'-r 88—3-5- P — s B 00
. o | — -
= DDEEEEEEEEEQ_%e@@-;QGDDDD
O 1 I lIIllII 1 IIII[[II | | i T O | lIIIIIlI
1 10 10? 10° 10°

Energy (E) [GeV]
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Error budget in energy calibration

MIP Energy conversion 2.6%
Peak fitting of MC and flight data 0.6%
Fitting range dependence 0.6%"™
Position dependence 1.8%
Temperature dependence 1.0%
Rigidity cutoft dependence 1.0%™
Systematic uncertainty estimated

from p/He consistency 1.0%
UV Laser Linearity 1.4~2.5%
Fiterror
APD high gain 1.4%
APD low gain 1.5%
PD high gain 2.5%
PD low gain 2.2%
Gain Ratio Gain range connection  1.6~2.1%
Fit error
APD-high to APD-low gain 0.1%
APD-low to PD-high gain 0.7%
PD high to PD low gain 0.1%
Slope extrapolation
APD-high to APD-low gain 1.6%
APD-low to PD-high gain 2.0%™
PD high to PD low gain 1.8%
Sampling Bias 0.5%"™

™) also considered as systematic error on energy scale
&) energy-scale systematic error only

15

Measurement Accuracy

10
———" Systematics on Energy Scale

AEq, [E 4, [%]

5

\!\‘\!\[\\l\

= .
ARNRNQANERR

el vl R

5 Ll

o

. Ll
10° 10° N
Energy Deposit Sum (EdeD )‘[%eV]
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- Electron Analysis: Characteristics of TeV Electron and Proton Showers

Simple and high-efficiency electron identification is possible even at TeV.
= CALET is best suited for observation of possible narrow structures in

the total electron spectrum in the trans-TeV region.

3TeV Electron Candidate Corresponding Proton Background

Y-Z View

Y-Z View MIP

‘ ﬁ : 10°
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Electron / Proton Separation

Simple Two Parameter Cut Boosted Decision Trees (BDT)
Fe: Energy fraction of the bottom layer sum In addition to the two parameters in
to the whole energy deposit sum in TASC the left, TASC and IMC shower profile
Re: Lateral spread of energy deposit in TASC-X1 fits are used as discriminating
variables

Cut Parameter K is defined as follows:

K = log,,(Fg) + 0.5 R¢ (/cm) BDT Response using 9 parameters

» r £ 1400
e i = 7 L : —
§ 800__[151013 -170331] T, =3.89 x 10"sec (10812.2hr) § - Acceptance:A CALET Preliminary
it - 126.2< E/[GeV] <200.0 i} o 126.2< E/[GeV] <200.0 { Flight Data
g 700 | Fiight Data e - 111 AMc Electrons
-g E MC Electrons 8 L é;_ E MG Protons
= 600~ i E= Mc Protons g 1000 N
z i z
500 - iﬁ 800
[ L= -
400 Z" JJ-I’,%{ -
L ﬂ = 600—
- c—i =
3 r— -
o m i it i
- o 400(— Lk
200 , - J}(/’% '+
I ;I/ lJI' 1.I Ii:‘ﬁ : _1_55'7 ‘-‘.-
:I | L'-'. 41 j}vJ Lh-q 1 I.;."-"‘F--.--' s | o0 0wy : e ; % q-‘—
3 2 1 0 1 2 0™ 05 -

K=log (F)+R/2 BDT Response
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Number of Events

Number of Events

Number of Events
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Distribution of BDT Response
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KEY POINT: high and
almost energy independent

efficiency

The efficiencies of K-cut and
BDT have very similar
energy dependence.

Electron efficiency after pre-
selection and e/p separation
is considerably high (~70%)
and ~constant above HE
trigger threshold.

Simple two parameter cut is
used in the lower energy
region (< 500GeV ), while
the difference in resultant
spectrum are taken into
account in the systematic
uncertainty.

proton contamination is
2-5%in 10 GeV-1TeV,
5-10 % above 1 TeV
with BDT analysis.
(improving with analysis)
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"\f ) Systematic Uncertainties in Derivation of Energy Spectrum

Stability of resultant flux are Systematic uncertainty in electron selection by BDT
intensively studled.ln thg large § "F oie7<Er0en <1043 :
parameter space (i.e., viable g .
choices to derive spectrum) 12
« Normalization: N
— Live time 08
— Radiation envirppment "' independent training: 100sets etddov: 0.050
— Long-term stability T T T . W
. 0.5 70 75 80 85 90 50 100 150 200 250 300 350
— Qua“ty cuts BDT-Cut Efficiency [%] Number of Trials

Total systematic uncertainty vs Energy

« Energy dependent:

> 05F
— Tracking 304_ e BT B
— charge ID s E
— electron ID (K-Cut vs BDT) ..t R e
— BDT Stab”'ty o o%_{;—l--t---a----l --------- otialiiiiiiii* ----- *+£ .......... { .....
(vs efficiency & training) A ‘\ T
02
— MC model £ total systematic uncertainty band
(EPICS vs Geant4) & considering all items listed on the left.
0sE ' e — Ll - 5
10 20 30 40 50 60 10 2x10° 3x10 10 Er?:rg; [Gé3\>/<]10

N.B. Energy scale uncertainty is not included in this analysis.
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Calibration of Absolute Energy Scale
Using Geomagnetic Rigidity Cutoff Energy

,:l_—i 1 — H_H
> -
S__') -
. ]
K CALET Low Energy Spectrum
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E 01— . ™ #  Rc~11GV (1.14<L<1.25)
E C I Rg~13GV (1.00<L<1.14)
= . t Rg~15GV (0.95<L<1.00)
- o LN
102 = F o
B geomagnetic rigidity cutoff offers |
_ . gn
10° = an universal energy scale to ﬂ%q
- space based detectors. “”#«
= Fermi-2017 (HE+LE) . 5
- AMS02-2014 Yﬁ%
1 0-4 ° | IPANIFTLI\ LI +C‘I | | | | | | | | | |

10 10°
Energy [GeV]
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Cutoff Rigidity Measurements and Comparison with Calculation

16

BEFORE CORRECTION » Performed in three different cutoff
e Te = T .
S . PR rigidity regions.
o F g, % Low Rigidity Cutoff » Correction factor was found to be
' i i Primarv+Secondary H H
T *, ¢ PrimarysSecondary 1.035 compared to MIP calibration.
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Secondary component is

estimated using azimuthal

distributions
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Since universal energy-scale calibration between different instruments is very important, we
adopt the energy scale determined by rigidity cutoff to derive our spectrum.
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Total (e*+e") Electron Energy Spectrum in 10 GeV~3TeV

« Geometry Condition: SQ=570.3 cm?sr (Fully Contained: 55% for all acceptance)
 Live Time: 2015/10/13—2017/06/30 (x 0.85) =>T=4.57 x 107 sec
« Exposure: SQT =2.64 x 106 m? sr sec (less than 20% of full analysis for 5 years)

Physical Review Letters 119 (2017) 181101, 3 November 2017
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All-Electron Spectrum Comparison w/ DAMPE

We are trying to increase our statistics by a factor of ~2 using full acceptance.

250
7 CALET: PRL 119 (2017) 181101, 3 November 2017
DAMPE: Nature 552 (2017) 63, 7 December 2017
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N
o
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1 00 B o e
CALET Including systematics i
o Fermi-LAT 2017 (HE+LE) i
50 O AMS-02 2014 L] e
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Preliminary Nuclei Measurements for Z=1-8

CHD charge resolution (2 layers combined) vs. Z

Charge resolution combined CHD+IMC

03—
Oq L ~ il
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Charge resolution using multiple dE/dx
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*) Plots are truncated to clearly present the separation.

Non-linear response to Z? is corrected
both in CHD and IMC using a model.
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A clear separation between p, He, ~ Z=8,
can be seen from CHD+IMC data analysis.
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&)/ Preliminary Heavy Nuclei Energy Spectrum

. N(E)
Flux measurement:  &(E) = SQe(E)TAE Energy spectrum per particle
4
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Preliminary Boron to Carbon Ratio in 20 GeV-1 TeV

Observed B/C vs energy per nucleon

i e CALET PRELIMINARY
o [ . JQEEQ, 5
— »-‘—joc‘—rr’[
© é%r )
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o) | |
S T B g,
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S | o awso
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m i o CREAM-|
* PAMELA
& TRACERO06
10-2 | L1 1 | 1 1 | 1 | 11 I 1 | | 1 1 | o I | I
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Energy [GeV/n]

CALET preliminary results are consistent with recent AMS-02 with a power index of
-1/3, as expected in the Kolmogorov turbulence regime, showing no clear saturation
above 100 GeV/n as expected by a models assuming the existence of a constant
residual material (grammage) during propagation.
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." Preliminary Ultra Heavy Nuclei Measurements for 26 <Z <40

Onboard trigger for UH events

* CALET measures the relative abundances of ultra heavy CHD-X/Y 4
nuclei IMC-1+2
through ,,Zr
Trigger for ultra heavy nuclei:
CIOOICIOE )

msqgnals of only CHD, IMC1+2 and IMC3+4 are required
an expanded geometrical acceptance (4000 cm?sr)

Daﬁg%rggl \t/rsulrcsashold depends on the geomagnetic cutoff rigidity Wrﬂ. EESEE “ﬂml o “r:r:r

O Event Selection: Vertical cutoff rigidity > 4GV & Zenith Angle < 60 degrees
O Contamination from neighboring charge are determined by multiple-Gaussian function

Charge distribution Relative abundance (Fe=1)
310° - e -~
= _F * CALET Preliminary
10 B O [ + SuperTIGER
i T E
£ E all 18 month data
103 3' ............................................. » ‘Cv 10 E_
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CALET y-ray Sky in LE (>1GeV) Trigger

Exposure map 151101-180131 E>1GeV ~ ,; Gamma-ray sky map
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CALET Gamma-ray Burst Monitor (CGBM)

Hard X-ray Monitor (HXM) Soft Gamma-ray Monitor (SGM)

Detector (Crystal) LaBr;(Ce) BGO c'g

Number of detector 2 1 '%

Diameter [mm)] 61 102 % 10

Thickness [mm)] 12.7 76 =

Energy range [keV] 7-1000 100-20000 g

Energy resolution@662 keV ~3% ~15%

Field of view ~3sr ~27 Sr 10 100 1000 10000

Energy [keV]




Summary of gamma-ray burst observations

CGBM Operation Status

* Scientific observation: October 6, 2015

* Observation efficiency: “60% (HV-on time)

* On-board trigger alert (GCN notice)
(http://gcn.gsfc.nasa.gov/calet_triggers.html)

CGBM GRB Statistics

(As of Sep 30, 2017)
* 74 GRBs (only confirmed GRBs)

* GRB rate: ~“37 GRBs/yr

* 63 long GRBs (85%), 11 short GRBs (15%)
c.f., Fermi-GBM: 82% long GRBs, 18% short GRBs (Paciesas et al. 2012)

* 49 spectroscopic GRB samples

O The time-averaged spectral parameters of CGBM are consistent with
those of BATSE, Swift/BAT and Fermi-GBM.
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CALET UPPER LIMITS ON X-RAY AND
GAMMA-RAY COUNTERPARTS OF GW 151226

Astrophysical Journal Letters 829:L20(5pp), 2016 September 20

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 limit of 2 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 o upper limits are 1.0 x 106 erg cm=—2 s~! (7-500 keV) and 1.8
x 10%erg cm—2s~1 (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 the moment Upper limit for gamma-ray burst
of the GW151226 event monitors and Calorimeter
HXM: 7-500 keV SGM: 50-1000 keV

300 FHXM1+2:7-10 keV ' 200 E HXM1+2:60-100 keV

il i L S SR 200F Tt : £
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00 = < s R SN S 200

o8 Gz sodookey | ' 4 300 [MXM1+23003000keV | T T T
w fgg 777777777777777777777777777777 v %% WWMW Figure 2. The sky maps of the 7 o upper limit for HXM (left) and SGM (right). The assumed spectrum for estimating th
S MWNWJWW A 0 | upper limit is a typical BATSE S-GRBs (see text for details). The energy bands are 7-500 keV for HXM and 50-1000 keV fo
% %g FSGM: 40-100 keV ! B % %00 = SGM: 560-840 keV ! SGM. The GW 151226 probability map is shown in green contours. The shadow of ISS is shown in black hatches.
= e e e s s B e e R . .
200 WM“%WW“MFWW 188 %MMMNWMWWWW Calorlmetel’. 1'100 GV
1000 } } 3 e o
800 [SGM: 100-230 keV 3 %05§ = SGM: 840-1500 keV' ' e s
T B e e e . A o B ' bt i it 0
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400 Ppanbny ity At A PPN LA e "ﬂ’“"ﬂr'l]l"'ﬁﬂ"hﬂﬁ @
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-1 P 1 - -
0 i 5 ¥ $ 0 10 i 5 0 2 10 Figure 3. The sky map of the 90% upper limit for CAL in the 1-100 GeV band. A power-law model with a photon index of —
Time since 2015/12/26 03:38:53.65 [s] Time since 2015/12/26 03:38:53.65 [s] is used to calculate the upper limit. The GW 151226 probability map is shown in green contours.

Figure 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 the LIGO trigger time of GW 151226. The dashed-lines correspond to the 5 o level from the mean count
rate using the data of +10 s.
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CALET s first publication was NOT for Cosmic Rays

Accepted article online 25 APR 2016 Relativistic Electron Precipitation

= © AuroraEtectrons
Geophysical Research Letters /

Aurora

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

Electrons

by Calorimetric Electron Telescope o

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, 2Department of @
Polar Science, School of Multidisciplinary Sciences, SOKENDAI (Graduate University for Advanced Studies), Tachikawa, Protons
Japan, Research Institute for Science and Engineering, Waseda University, Shinjuku, Japan, “Department of Physics, Electromagnetlc 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 C H DX an d Y count rate | Nncrease by R E P
Space Station (ISS) has a huge geometric factor for detecting MeV electrons and is sensitive to relativistic electron o8 20! 5/11/10 09300942 UT

precipitation (REP) events. During the first 4months, CALET CHD observed REP events mainly at the dusk to
midnight sector near the plasmapause, where the trapped radiation belt electrons can be efficiently scattered by
electromagnetic ion cyclotron (EMIC) waves. Here we show that interesting 5-20 s periodicity regularly exists
during the REP events at ISS, which is useful to diagnose the wave-particle interactions associated with the
nonlinear wave growth of EMIC-triggered emissions.
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Summary and Future Prospects

O CALET was successfully launched on Aug. 19th, 2015. The observation campaign started
on Oct. 13th, 2015. Excellent performance and remarkable stability of the instrument.

O As of Feb. 28, 2018, total observation time is 870 days with live time fraction to total time
close to 85 %. Nearly 570 million events collected with high energy (>10 GeV) trigger.

O Accurate calibrations have been performed with non-interacting p & He events + linearity
in the energy measurements established up to 108 MIP.

Preliminary analysis of nuclei, electrons (+ positrons) and gamma-rays have successfully
been carried out and spectra obtained in the energy range:

proton: 50 GeV~100 TeV, helium: 10 GeV-20 TeV/n, C-Fe: 300 GeV~100 TeV,

B/C ratio: 20 GeV/n-1TeV/n, All electrons: 10 GeV~4.5 TeV.

O Preliminary analysis of UH cosmic rays up to Z=40.

O CALET’s CGBM detected 74 GRBs in the energy range 7 keV-20 MeV. Follow-up
observations of the GW events were carried out.

The so far excellent performance of CALET and the outstanding quality of the data
suggest that a 5-year observation period is likely to provide a wealth of new interesting
results.
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