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CGBM (CALET FRGF (Flight Releasable
Gamma-ray Grapple Fixture)
Burst Monitor)

ASC (Advanced
Stellar Compass)

—

GPSR (GPS
Receiver)

b Launched on Aug. 19", 2015

5. ( by the Japanese H2-B rocket

Emplaced on JEM-EF port #9
on Aug. 25", 2015

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)
S ‘ . - Telemetry:
S - Medium 600 kbps (6.5GB/day) / Low 50 kbps

-
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O ISS can supply essential infrastructure
for cosmic-ray detectors: Electric power,
Thermal control system, Telemetry etc. ‘
Therefore, the detector scale and weight
are considerably reduced , compared to
same-scale satellite experiments. ¥ |SS-CREAM Launch
ISS is very unique platform offering an August 14, 2017
excellent opportunity of cosmic ray
observations.
O AMS-02, CALET, ISS-CREAM are

carrying out complementary cosmic ray

observations.
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CALET Launch
August 19, 2015




Calorimeter
Carbon target
Hadrons
Including TeV region

ISS-CREAM Launch
August 14, 2017

Magnet Spectrometer
- Various PID Calorimeter

- Anti-particles . - Fully active
- Electrons
- Including TeV region

CALET Launch
August 19, 2015



Cosmic Ray Observations at the ISS and CALET
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o
'S

o
N

=

9 |
I

2 |
~

-10
10

—13
10

-16
10

-19

Fluxes of Cosmic Rays

< (1 porticle per m*~second)

CR Observation at ISS

Knee
(1 particle per m*~year)

Ground
k. Observations

10°10"% 010210100104 0" 10’
Energy (eV)

2019/11/25

81 O191 o201 O21

Overview of CALET Observations

O Direct cosmic ray observations in space at
highest energy region

O Cosmic ray observation at world-record level
using a large-scale detector at ISS for a long-
term (5 years expected)

O Electron observation in 1 GeV - 20 TeV is
achieved with high energy resolution due to
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

O Detection of transient phenomena in space
by stable observations
= Gamma-ray burst, Solar flare, Radiation
from GW source etc.

Calorimetry for the High Energy Frontiers 2019 7



Scientific Targets

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
CElesie QR B/C and sub-Fe/Fe ratios Up to some TeV/n
Propagation

100 GeV - 20 TeV
100 GeV - 20 TeV

Nearby CR Sources Electron spectrum

Dark Matter Signatures in electron/gamma-ray spectra
<10 GeV

7 keV - 20 MeV

Solar Physics Electron flux (1GeV-10GeV)

Gamma-ray Transients ~Gamma-rays and X-rays

Respond to the unresolved questions from the results found by recent observations
Increase of positron/electron ratio Excess of electron+p05|tron flux Hardening of p, He spectra
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CALET Main Target: ldentification of Electron Sources

Some nearby sources, e.g. Vela SNR, is likely to have unique signatures

in the electron energy spectrum in the TeV region (Kobayashi et al. ApJd 2004)
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| D, =2x10% cm?s” ap! I Calculated results normalized
! & "}“ to the observed at 100 GeV
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= Identification of the unique signature from
nearby SRNs, such as Vela, in the electron
spectrum by CALET in the TeV region

11.4.2018

AMS days at LA PALMA
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E%J [msrisec'GeV?

Some nearby sources, e.g. Vela SNR, is likely to have unique signatures

in the electron energy spectrum in the TeV region (Kobayashi et al. ApJd 2004)
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= Identification of the unique signature from
nearby SRNs, such as Vela, in the electron
spectrum by CALET in the TeV region
11.4.2018 AMS days at LA PALMA
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CALET Main Target: ldentification of Electron Sources
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Measurements of Cosmic-Ray 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 TeVxZ ?

* All primary heavy nuclei spectra well fitted to single
power-law with similar spectral index (CREAM, TRACER)
* However hint of a hardening from a combined fit to all
nuclei spectra (CREAM)
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Overview of CALET Payload

CAL

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

CGBM

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

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

Data Processing & Power Supply

= Mission Data Controller (MDC)
CPU, telemetry, power, trigger etc.
*HV-BOX (Italian contribution)
HV supply (PMT:68ch, APD:22ch)

HV-BOX MDC

Support Sensors

*Advanced Stellar Compass (ASC)
Directional measurement

*GPS Receiver (GPSR)
Time stamp of triggered event(<1ms)

Na
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B2
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= 4
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CALET Payload & the Components

AN GBM-EBOX[CGBM]
SGM [CGBM]

2019/11/25 Calorimetry for the High Energy Frontiers 2019 13



CALET Detectors

Plastic Scintillator Scintillating Fiber - inti 0) |
+PMT | o + 64anode PMT ~ +APDPD CALORIMETER
3 : or PMT (X1)

CHD-FEC

J

V]I
A R R oL
[ r"l‘\['\\-\\
) Aﬂ/ \ \\ \ \\ \

g

TASC
- Charge Detector) (Imaglng Calorlmeter) (Total Absorption Calorimeter)

Measure Charge (2=1-40) Tracking , Particle ID Energy, e/p Separation
Geometr Plastic Scintillator 448 Scifi x 16 layers (X,Y) : 7168 Scifi 16 PWO logs x 12 layers (x,y): 192 logs
(Material‘; 14 paddles x 2 layers (X,Y): 28 paddles 7 W layers (3Xp): 0.2X, x 5 + 1X, x2 log size: 19 x 20 x 326 mm?3
Paddle Size: 32 x 10 x 450 mm?3 Scifi size : 1 x 1 x 448 mm? Total Thickness : 27 Xg, ~1.2 A,
64-anode PMT APD/PD+CSA
R PMT+CSA
gates e + ASIC (VA32—HDR) PMT+CSA (for Trigger)@top layer
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O Acoustic test, Thermal-Vacuum test and

EMC test were successfully carried out at
Tsukuba Space Center (JAXA)

O After final system function test, the payload
will be transferred to launching site
(Tanaegashima Space Center) , and was
launched with HTV-5 in 2015.

©JAXA/IA N .
Calorimeter side

T T I r—

[ cunxan N AR T

P CUAXA/IA
a orlm‘Fo”ﬁ';e High Energy-Frenti =

2019
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Launching by

H2B Rocket

2019/11/25

HTV Exposed Palette
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CALET Capability

*JA

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

Geometrical Factor: ~ 1,040 cm2sr (for electrons) Unique features of CALET

CHD-FEC PMT SCIN O A dedicated charge detector + multiple dE/dx
- - 45 cm o 10V electron shauer e track sampling in the IMC allow to identify
- € LR SIS SR B A B > individual nuclear species (Az~0.15-0.3 e).
VA Chip L] O Thick(~30 Xp), fully active calorimeter allows
Assembly — > IMC measurements well into the TeV energy region
IMC-FEC 4 with excellent energy resolution (~2-3%)
} SciFi
I Il—l_ =< O High granularity imaging pre-shower
b= calorimeter accurately identify the arrival
PMT direction of incident particles ( ~0.2°) and the
@ a starting point of electro-magnetic showers.
3 TASC-FEC : = TASC 9p 9
i » Combined, they powerfully separate electrons
PD/APD from the abundant protons: contamination is

much less than 10 % up to the TeV region.

BASE PANEL

PWO

Gamma-ray 10 GeV Electron 1 TeV Proton 10 TeV
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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 o =0 , et Y
using “MIP” of p or He guo
« Position and temperature dependence oo |1 Ovrton 0
« Latitude dependence due to rigidity cutoff i 1
On ground: Linearity measurements i | el
for the whole dynamic range L J]
+ CHD/IMC — Charge injection o | L
« TASC — UV Laser irradiation (end-to-end) o, ' o "o w

1000 :

ADC[ADU]
-0.05 0 0.05 0.1 0.15 0.2 0.25

Energy[GeV]
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- Energy Reconstruction for Electromagnetic Showers

Simulation: Comparison of deposit energy in TASC (AE) with incident energy (E,)

120
— 10 GeV 20 GeV 50 GeV 100 GeV 200 GeV 500 GeV 1TeV
100:?— k é E % . é
d P i il | ... deposit g
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w— ] I i ; ey | s
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= very small leakage (~ a few %)
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f’ Position and Temperature Calibration, and Long-term Stability

Example of position dependence correction ~ Examples of temperature change correction

o 1 5 12/012/01 15/12/31 16/01/30 16/02/29 16/03/30 16/04/29 16/05/29 16/06/28
% ' E —4— before correction g b
oc 1 4:_ X3-CHO7 —#— after correction % 28 — Beta Angle
Cl_ 1 3:7 correction curve g :38
L& E o ., Defore correction Active Thermal Control
1.1 2'"E
e, ee el b e ey | System (ATCS) on 1SS
- By = . can provide very stable
08 e = After correction thermal condition during
k. g e Long-tem observations:
fE T e r s PR ML o Bk ISR L S T
o T4 “ At ~ a few degrees
ol I N ) W | PR TN T N U S U N N TN Y S O PR N T S R W N 093—
0'50 5 10 15 20 25 30 1512001 1512531 1601730~ 16/02/29  16/03/30  16/04/29  16/05/20  16/06/28
Distance from APD/PD(cm) 15 /12/1 UTClyy/mm/dd] 16/6/28
Distribution of MIPs for 192 ch x 16 segmented
Example of long-tem variation correction positions after each correction
o 1.2 2 B PosDep Corrected
ﬁ [ —¢— Before Correction § 1200 — :\Eﬂmries f’ggg
» 8 ) - . ean .
o 115 Y4-CHO5 —#— After Correction ~ Correction for long- RMS 0.03063
E Correction Curve 1000 . term variation: 1.2% TempDep Corrected
= 1.4 L Entries 5880
[ L Mean 1.024
[ — RMS 0.02073
1.05 +0.5%/month 800|— TimeDep Corrected
‘ B Entries 5880
LI Ll L L Mean 1.002
1 santy -+++++ LN TRERE LY s00l- RMS 0.01157
o.95§ LA AN Y B Temperature
S C . £l iation b ¥ 400— Correction: Position
09 orre.ctlon. of long-term variation by - 51 9% correction: 3.1%
~ function hit for channel by channel 00—
0.85 B
08 1 1 _||||||||||||||| -l ALI_IIIII
16/01/01 16/07/01 16/12/31 88 08 09 095 1 105 14 115 12

Conversion Factor Ratio



Wide Dynamic Range Energy Measurements in 1 GeV- 1 PeV

Distribution of TASC energy deposit sum
Y.Asaoka, Y.Akaike, Y.Komiya, R.Miyata, S.Torii et al.

w S

‘g:;w" E - — (CALET Collaboration), Astropart. Phys. 91 (2017) 1.
B F HE- — 151013-190531

« 10 LE-  Trigger 9

gL 1.78x10° Events

D 10° & region s :

€ ~ All Particles

- 105 -—_

= -

e
o
S

-3 High Gain Shaper
- APD
—_- Low Gain Shaper LG
- CSA
. 1 Pev High Gain Shaper
*",, 1 0 Low Gain Shaper
A —
++ +
An example of gain
connection in one PWO log:
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Nurber 3! Evarts
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(Statistical error only) it

AFO HEY

1 10 10? 10° 10° 10° 10° 107
TASC Energy Deposit Sum [GeV]

4

Y3-CHO3

o
< -

The smooth distribution clearly reflects the
power-law nature of cosmic-rays,

demonstrating the reliability of the energy
measurement over a wide energy range. L TS S —

Enerpy Dapost [Gev]

ro-sigh

"O-low
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Proton, AE=2.89 TeV
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All-Electron Measurement with CALET

3TeV Electron Corresponding . .
Candidate Proton Background 1. Reliable tracking
well-developed
Yz iew : Yoz View wiP shower core

10

o 2. Fine energy

resolution
full containment
of TeV showers

3. High-efficiency
electron ID
30X, thickness,

closely packed logs

(Flight data; detector size in cm)

—> CALET is best suited for observation of possible fine structures
in the all-electron spectrum up to the trans-TeV region.
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Electron Identification

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 Rg (/cm) BDT Response using 9 parameters
@ = . 2 1400F Acceptance:A
s 800_—[1 51013 - 170331] T"ve=3.89 x 10'sec (10812.2hr) QC) - cceptance: CALET Preliminary
@ [126.2< E/[GeV] <200.0 N | 126.2< E/[GeV] <200.0 .
e - — 1200— { Flight Data
3 700:— 1 Flight Data ° - ZZIMC Etectrons
S C [Zmc rectrons 3 2 EJ'-E_ E=IMC Protons
= 600— il E=MC Protons g 1000__ =
- i =z - %
S00r 7! 800 —
- Z e ——
400 B o : :E
- j/f" %1%4 600 :
- — - — 1
300 v bl i L r
: = g
. — 400— ——
200 - / J| o i — : 'r:-zt_‘_
- i —" i =
100 %rﬂ — 200~ e
OE| I L'; 'H/rr(j’v}/ﬁ‘m — T T T T “;.""""]'---.--' T B : J_‘ T _hl. .-J:_i
3 2 -1 0 1 2 053 05

K =log, (Fe) + R/2 BDT Response
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FAl i WUV IYVIGcUGAL T VYV IILHD NV

room for “unknown” systematics

1. Acceptance = well defined SQ2
—  Geometrical factor because of reliable tracking

2. Energy determination = AE/E ~ 2% (E>20GeV)
—  Magnet Spectrometer absolute energy scale calibrated
—  Calorimeter by geomagnetic rigidity cutoff

3. Particle identification = rgc< 5% (E<1TeV)

— Contamination ree~ 10—20% (1<E<5TeV)
4. Detection efficiency = £ >70% (E>30GeV)
— Losses in the detector keeps constant value

= Leaves little room for “unknown” systematics
combined with detailed systematic studies (see PRLs + SM)

2019/11/25 Calorimetry for the High Energy Frontiers 2019 25



Direct Measurements of All Electron Spectrum

Comparison of CALET with DAMPE and other experiments in space

— 250
L CALET: Phys. Rev. Lett. 120 (2018) 261102 (~ 2 x PRL2017)
D 3,-,;,;4, DAMPE: Nature 552 (2017) 63, December 7, 2017
‘(."') o first published spectrum by CALET (red points)
,l_"’ 200— in restricted (fiducial) acceptance SQ= 570.3 cm?sr
D B T ~ 55% of full acceptance Livetime =T=457x107s
o o TR T
e T . E
[S— — v ,,.,::::5.:;::. ’
5 150 u
3 B I bat, 40 vzg
o™ -
LLJ B Tl
100— o CALET 2018
B uncertainty band (stat. + syst.)
— . DAMPE 2017
50 N A PAMELA e +e* 2017
— & Fermi-LAT 2017 (HE+LE)
B ° AMS-02 2014
- = I—IESS 2008+2
0 | | | L1 1 1 | | | | L1 1 1 | | |
10 107 10°
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). Extended CALET Measurement of Electron Spectrum

Approximately doubled statistics above 500 GeV by using full acceptance of CALET

— 250
f\’i> i CALET: Phys. Rev. Lett. 120 (2018) 261102 (~ 2 x PRL2017)
8 DAMPE: Nature 552 (2017) 63, December 7, 2017
0 200
o [11 GeV, 4.8 TeV]
Al
= B
< 160l
=, B
=T
(ap]
L B

CALET spectrum is consistent with AMS02 data below 1 TeV.

Present measurements cluster into 2 groups:

AMSO02 + CALET and FERMI+ DAMPE
possibly indicating the presence of unkown systematic errors.

= Above 1 TeV CALET observes a flux reduction consistent with

DAMPE within errors.
* No peak-like structure at 1.4 TeV is observed in CALET data
irrespective of energy binning. R ! L
] 2 3
10 10 10

2019/11/25 Calorimetry for the High Energy Frontiers 2019 Energy [GeV]27



sy -

CALET All-Electron Spectrum : sub-TeV to TeV region

N
(o)
o

CALET observes flux
suppression consistent
with DAMPE within errors
above 1TeV.

lIIIIII | | |
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Energy [GeV]

{‘ I T B L | ) ! LI R T 5 | % # T
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All-Electron Spectrum:
Comparlson between updated AMS-02 & CALET

Exactly the same analysis applied, data up to the end of May 2019 are used.

=250
S ‘_ Very good agreement obtained just by adding data:
5 Ik - Low energy region: solar modulation
0 200— « High energy region: statistics improved (X 1.7)
£ T b
> L s ", % 2v 2300
Bt
3, [ CALET Preliminary -+ Bhp #: %
100 (Statistical Error Only) %— ]L
il + C' AT ET Preliminarv (Statistical Error Only) +
0 o AMS-02 PRL 122 (2019) 101101
50l e s
: 4 DAMPE 2017
I~ © Fermi-LAT 2017 (HE+LE)
0_ | | | | | ll | | | | I | ll | | |
10 10 10°

Shoji Torii 36th ICRC, Madison, July 25, 2019 Energy [GeV] 29



Future prospects: Search for new sources

* Investigation of CR nearby sources

by electron observations at the TeV N e* spectrum by AMS-02 e +e* spectrum & nearby sources
& “F™7 = S ! £ | L [+ caerzos I
reg|0n g 20: P remitone H g Kobayashi et al.
. . v “F P ApJ 601(2004)340
- Direct detection of nearby sources |3 | Do 0o
. . . £ 15— s
- Acceleration limit and escape " "
process from SNR i3 Otnt mponen
» Search for Dark Matter signature in St ey, L2 remiewn . L
o Energy [GeV] e AMS.02 2014 : modem YN e
the electron spectrum structure L ko oo || ol MO AN, o o0
- Detection of unknown primary ——
source of electron and positron: Detection of primary source of e+ & e- fgfrrg:(gr nearby
Pulsar(s) or Dark Matter ? Qf
- - 5-years observations '
— - A
o -
g ﬁ Phys. Rev. Lett. 120 (2018) 261102 § o . Expected
;; 200l Result from 21 months observations » 200~ 2.20 TeV
% C P - "% . 5.30
2 T = [ N 500 GeV-2 TeV
% 150__ § 150? ii",s.
E ; - ", b ; 3.00
100— & CALET2018 100[— “*%{'
B . D:r;;rgggifand (stat. + syst) = Inaddition to Primary e and Secondary e +e* % {' i {.
L L B Model-1: Pulsar only
50 __ ; E::::ft:; ;81'72(()1}]7E+LE) 50 j Model-2: Pulsar, DM, and local SNR + i % * l }
B ¢ AMS-02 2014 B ¢ CALET expectation for Model-1
- N HESS 2008+200|9 | B L) CALET expectation for Model-2 % {
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Energy Measurement of Protons:
Magnetic Spectrometer vs Calorimeter

AMS-02: bending |4 /)= AR __8As

in magnetic field

R — Y

R? 0.3BL>

Maximum Detectable Rigidity

N

e MDR : ~2 TV /

©

g 1 ._ ...... —ProtonMcl—/ ...

5 | :

5 | | ® TestBeam :

7]

Q 5 :

<2 180 GV

21070 1

- -

,9 PR | Aca aaasadt A RO |

€ 1 10 10? 10°
Rigidity (GV)

Ref: Haino 2014
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Energy Resolution

CALET: shower energy
Better resolution at E>500 GeV.
Very stable above E>1TeV. Small
dependence on MC models.

o
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- b HE FLUKA
- } HE Geantd
- g 8 .
- 2l - y
1TeV 10TeV
l‘l 1 L 1 LAl Ll 1Ll
10’ 10 10°

Primary Energy [GeV]
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Proton Measurement with CALET:

room for “unknown” systematics

1. Acceptance = well defined SQ2
—  Geometrical factor because of KF tracking and event selection

2. Energy determination = limited energy resolution but
—  Magnet Spectrometer constant response, and
—  Calorimeter confirmed by test beam

3. Particle identification = excellent charge
— Contamination separation capability

4. Detection efficiency = low efficiency, but
— Losses in the detector confirmed by test beam

= Needs special care for “unknown” systematics
detailed systematic studies are carried out

(see the Supplement Material of PRL 122, 181102)
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Direct Measurements of Proton Spectrum by CALET

— 3x10*
M~
v—> CALET covers the range 50 GeV to 10 TeV with THE SAME INSTRUMENT
(1)) confirming the existence of proton spectral hardening with a deviation
(D 4 from a single power law by more than 3o.
W 2x10* - |
Fﬁ T4
o X
|§a ¥
> 1
E : — F 3 1;
L 1 04 ....
X =GN rasatls 2
~ Proton Spectrum RS
o 8x10° - BESS-TeV
3| & ATIC-2
7x10 i CREAMH
Bx10° - 7 PAMELA _
b AMS-02 CALET Collaboration, Phys. Rev. Lett. 122, 181102
5x1 03 | b CREAM-III Highlighted as “ Editor’s Suggestion”
. NUCLEON (IC)
3 Y NUCLEON (KLEM)
4x10° - b CALET-2018
uncertainty band (stat. + syst.) for CALET
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Charge ldentification with CHD and IMC

~ CHD charge resolution (2 layers combined) vs. Z

O,

03
Q L B
o= Charge separationinBtoC:~70, —  Fe
[ Si , Ca
02 -
Ne S
[ C Y Mg
015" S
[ He L,* 0
01 ,""( B
EE
6 2 a4 & 8 10 12 14 16 18 20 22 24 26 28
Z

Atomic number Z

Charge resolution using multiple dE/dx

measurements from the IMC scintillating fibers.

Q

04}
i L Ne
osCharge separationinBtoC:~5¢ .
1 C = = o
| > —"
02} =
p He e
| - T
0.1
] 1 2 3 4 5 6 7 8 9 10 n

z
Atomic number Z

Non-linear response to Z? is corrected
both in CHD and IMC using a core + halo
ionization model (Volz).
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Entries

Combined CHD-IMC proton-Helium charge-ID

CHDx-y charge-ID up to Z=28
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Preliminary Flux of Primary Components

10
TE 1oNe x'1'0°v * CALET Preliminary
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Preliminary Energy Spectra of Carbon and Oxygen

2 independent CALET analyses
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Gamma-Ray Observation

Example of y-ray event
Instrument characterized using EPICS simulations

» Effective area ~400 cm? above 2 GeV

* Angular resolution < 2° above 1 GeV (< 0.2° above 10 GeV)
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* Energy resolution ¥12% at 1 GeV (“5% at 10 GeV)
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Complete Search Results for GW Events during O1&02

GW151226

" CAL: 10-100 GeV

<
o
|
o
N~
-
=
O

2019/11/25

GW151226: O. Adriani et al. (CALET Collaboration), ApJL 829:L20 (2016).
All 01 & 02: 0. Adriani et al. (CALET Collaboration), ApJ 863 (2018) 160.

Event Type | Mode Sum. Obs. time Upper limits
UG: Ene. Flux Lum.
ProD. ergcm?s?t ergs?
GW150914 | BH-BH Before operation
GW151226 | BH-BH | LE 15% Tg-525— T,4211 | 9.3x 10® 2.3x10%
HXM 1.0x10°® %
SGM 18x10% 35x10°
GW170104 | BH-BH | HE 30% T,60— T,+60 6.4 x 10 6.2 x 10°°
GW170608 | BH-BH | HE 0% T,60— T,+60 Out of FOV
GW170814 | BH-BH | HE 0% T,60— T,+60 Out of FOV
GW170817 | NS-NS | HE 0% T,60— T,+60 Out of FOV

triggers to-date in the 2018 paper

Calorimetry for the High Energy Frontiers 2019

CALET can search for EM counterparts to LIGO/Virgo triggers
All O1 and O2 triggers checked — no signal in CGBM or CAL
Upper limits set for GW151226 for CGBM+CAL in 2016 paper
Upper limits for the CAL set using refined LE selection for
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CALET: 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 Oct.30, 2019, total observation time is 1449 days with live time
fraction to total time close to 84%. Nearly 2.0 billion events collected
with low (> 1 GeV)+ high energy (> 10 GeV) triggers.

O Accurate calibrations have been performed with non-interacting p & He
events + linearity in the energy meangements established up to 106 MIPs.

O Following results have been obtained by now.
« Measurement of electron + positron spectrum in 11 GeV- 4.8 TeV.
« Direct measurement of proton spectrum in 50 GeV- 10 TeV energy range,
spectral hardening observed above a few hundred GeV.
* Preliminary analysis of primary elements up to Fe.
« Study of diffuse and point sources of gamma-rays. Follow-up
observations of GW events in X-ray and gamma-ray bands.

O After an initial period of 2 years, CALET observation time has been to 5.5
years at least.
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