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Electromagnetic emission from
Gravitational Events?

Yes No?

 NS-NS binary mergers e BH-BH binary mergers
e NS-BH binary mergers?

(e.g. De Mink&King 2017)
(e.g. Phinney 2009, Rosswog 2016,
Fernandez&Metzger 2016)

GW170817 (~1.5M,+~1.3M.,) GW150914 (36M:+29M ;)

+ EM emission + GRB 170817A GW151226 (14M+7.5M )
GW170104 (31M@+19M@) CALET

GW170608 (12M . +7M.,)
GW170814 (31M,+25M.,)

Wide field-of-view monitors are necessary to detect prompt EM emission

CALET/CAL is watching for ~1/6 of the whole sky! 2




CAlLorimetric Electron Telescope

CALET Gamma ray Burst Monitor (CGBM)

Calorimeter (CAL)

e Mass: 612.8kg
e 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 503kbps

(JEM : Japanese Experiment Module “Kibo” on ISS)
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CALET/CAL Detector

Fully active thick calorimeter (30X,) optimized for electron
spectrum measurements well into TeV region

448mm / Charge Detector | C

HD

plastic scintillator hodoscope,
absolute charge measurement

(including charge zero)

Imaging

C

Calorimeter —

SciFi + tungsten plate (3X,),
reconstruction of arrival direction
and initial shower development

Total Absorption
Ansorp TASC
Calorimeter —
PWO hodoscope (27X,),
energy measurements and particle

identification
1TeV electron shower is

fully contained in TASC



Overview of CALE

/CAL

rigger System

Y. Asaoka et al., Astroparticle Phys. 100, 29 (2018)



ISS Orbit and CALET Operations

Y. Asaoka et al., Astroparticle Phys. 100, 29 (2018)
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CAL Limit Calculation Procedure

Validation of
Sensitivity with
Observation of

Diffuse/Point Sources

Gamma-ray Event
Selection

Lower energy is important

S as a function of zenith

Effective A .
SCtive Area and azimuth

Calculation

Sei(zen,azi) T, projected to
Exposure Calculation sky event by event along the
ISS (CALET) orbit

Upper Limit If no gamma-rays are observed

Calculation

Check Overlap with
LIGO Localization Map




Gamma Ray Event Selection

= Electron Selection Cut + Gamma-ray ID Cut w/ Lower Energy Extension

100 GeV Event Examples
gamma-ray electron proton

Charge Z=0 Charge Z=1

Electromagnetic Shower Hadron Shower

well contained shower development larger spread




Gamma Ray Event Selection

= Electron Selection Cut + Gamma-ray ID Cut w/ Lower Energy Extension

- Xz View i Y-z View | we 1. Geometry Condition
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An example of gamma-ray event candidate in flight data shower selection
(reconstructed primary energy ~5GeV) - shower shape

5. Gamma-ray ID
- CHD/IMC-veto
(combination of
loose cuts)
6. FOV cut 10
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Gamma Ray Event Selection

= Electron Selection Cut + Gamma-ray ID Cut w/ Lower Energy Extension
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To maximize the field of view (FOV), the requirements

on acceptance condition was loosened as much as

possible compared to electron analysis. However,
penetration of CHD paddle by shower axis is required
to ensure charge zero selection.
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1. Geometry Condition
- CHD-Top to TASC
15t layer (2cm margin)
2. Pre selection
- Offline trigger
- Shower concentration
- Shower starting point

3. Track quality cut
- Track hits >2
- matching w/ TASC
4. Electromagnetic
shower selection
- shower shape
5. Gamma-ray ID
- CHD/IMC-veto
(combination of
loose cuts)
6. FOV cut .



Gamma Ray Event Selection

= Electron Selection Cut + Gamma-ray ID Cut w/ Lower Energy Extension

“K-cut” 1. Geometry Condition
- CHD-Top to TASC
F.: fractional energy deposit of TASC-Y6 relative to 1%t layer (2cm margin)
total TASC deposit 2. Pre selection
R:: second moment of lateral energy deposit - Offline trigger
distribution relative to shower axis [cm] - Shower concentration

- Shower starting point
3. Track quality cut

- Track hits >2

- matching w/ TASC

@ 4. Electromagnetic

shower selection
- shower shape
5. Gamma-ray ID
- CHD/IMC-veto
(combination of
loose cuts)

O. Adriani et al., PRL 119, 181101 (2017) supplemental material 6. FOV cut 12
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Gamma Ray Event Selection

= Electron Selection Cut + Gamma-ray ID Cut w/ Lower Energy Extension
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1. Geometry Condition
- CHD-Top to TASC
15t layer (2cm margin)
2. Pre selection
- Offline trigger
- Shower concentration
- Shower starting point

3. Track quality cut
- Track hits >2
- matching w/ TASC
4. Electromagnetic
shower selection
- shower shape
5. Gamma-ray ID
- CHD/IMC-veto
(combination of
loose cuts)
6. FOV cut 13
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Gamma Ray Event Selection

= Electron Selection Cut + Gamma-ray ID Cut w/ Lower Energy Extension

It was found that secondary gamma rays produced in ISS
structures are dominant source of background

- LE Trigge
—
T A N Y R
) sind cosd
Gamma-ray candidates Fish-eye view of CALET FOV

in CALET FOV

By removing Black parts, it is possible to reject majority of
such background. More sophisticated rejection method is
under development.

1. Geometry Condition
- CHD-Top to TASC
15t layer (2cm margin)
2. Pre selection
- Offline trigger
- Shower concentration
- Shower starting point

3. Track quality cut
- Track hits >2
- matching w/ TASC
4. Electromagnetic
shower selection
- shower shape
5. Gamma-ray ID
- CHD-veto
6. FOV cut
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Effective Area and Sensitivity

Effective area is estimated as a function of incident angle (dx/dz, dy/dz) and energy.
Maximum effective area is achieved at around 5 GeV, but lower energy is more

important for steep spectrum like E-2.
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Preliminary
O. Adriani et al., in prep.
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Effective area as a function of energy. Four
representative zenith angle ranges are shown.
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GW Counterpart Search with CALET

Published
in ApJ Letters

GW 151226 [B. P. Abbott et al., PRL 116 (2016) 241103]
e GW trigger Time: 2015/12/26 3:38:53.647 UT
- gravitational-wave signal produced by the coalescence
of two stellar-mass black holes at a luminosity distance
of ~440Mpc.
CALET Observation
e CGBM HV-on (3:20—-3:40 UT)
- No on-board trigger
e CAL: low-energy gamma-ray mode (> 1GeV) 3:30-3:43UT




CALET Preliminary
N. Cannady et al., E1.17-0042-18

Analysis update

e EM Track ... developed and used extensively for electron analysis
e CCTrack ... developed specifically for low energy gamma-rays



90% CL Upper limit for GW151226
counterpart search

GW151226 [T,-525s, T,+211s] Bl e
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1-10 GeV Right ascention

No event survived. Backgrounds are negligible.
CALET observation constrains at least some portion of LIGO probability.



90% CL Upper limit for GW170104

counterpart search
GW170104 [7-60s, T+60s] SoeuL
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No event survived. Backgrounds are negligible.
CALET observation constrains at least some portion of LIGO probability.



90% CL Upper limit for GW170608

counterpart search
GW170608 [T,-60s, T,+60s] B o

7x107°
6x107°

5x107°
4x107°

Declination

Contour:
GW localization
significance Map

3x107°

2x107°

107

7x107°
Bx10°®

5x10°®
4x10°®

3x10°®

10-100 GeV Right ascention

No event survived. Backgrounds are negligible.
CALET observation does not constrain any portion of LIGO probability.



90% CL Upper limit for GW170814
counterpart search

GW170814 [T,-60s, T,+60s] JoUL
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No event survived. Backgrounds are negligible.
CALET observation does not constrain any portion of LIGO probability.



90% CL Upper limit for GW170817

counterpart sea rCh
GW170817 [T,-60s, T,+60s] (o mFans
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No event survived. Backgrounds are negligible.
CALET observation does not constrain any portion of LIGO probability.



CALET Sensitivity to GeV Gamma-Rays

Short GRBs accompanied by GeV gamma-ray emissions could be
detected by CALET-CAL given the closeness of GW candidates.
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Summary & Prospects

1. CALET was successfully launched on Aug. 19, 2015, and the detector is being
very stable for observation since Oct. 13, 2015.

2. Asaresult of GW151226 counterpart search in GeV gamma-rays, CALET-CAL
observation constrains 15% of LIGO localization map by 90% upper limit flux
of 9.3x10° erg cm2sec?! (1-10GeV).

3. GeV gamma-ray counterpart of other GW events during 01&02 have been
performed and limits are set if there is overlap between our FOV and
LIGO/Virgo localization map.

4. Its sensitivity was validated with diffuse and point-source observations.

Due to closeness of GW candidates, FOV coverage is more important than
deepness of counterpart search assuming on-axis short GRBs as candidates.

6. Automated pipeline to search for gamma-ray transients was also developed
and is being implemented.

—=Transient objects such as GW counterparts and GRBs, as well as flaring
point sources will be monitored.
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