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LIGO/Virgo/KAGRA Observing Run 4

https://observing.docs.ligo.org/plan/

LIGO has started O4 on May 23, 2023.

(Distances shown are for BNS mergers.)

Search for electromagnetic counterparts of gravitational wave events



CALET (CALorimetric Electron Telescope)
• In operation on the Japanese Experiment 

Module (JEM) `Kibo'-Exposed Facility of the 
International Space Station since 2015

• Japan-USA-Italy collaboration

Calorimeter (CAL)
Electrons: 1 GeV - 20 TeV
Gamma rays: 1 GeV – 10 TeV
Protons and nuclei: 10 GeV – 1 PeV

CALET Gamma Ray Burst Monitor (CGBM)
• Hard X-ray Monitor (HXM)

• Soft Gamma-ray Monitor (SGM)

CHD
- charge
IMC
- tracking
- particle ID
TASC
- energy
- particle IDAsaoka et al. 

2018

7 - 1000 keV 
LaBr3(Ce) + PMT
(2 sets)

0.04 – 20 MeV 
BGO + PMT
(1 set)

High-energy gamma rays Prompt emission from transients



Performance of CAL and CGBM

Yamaoka et al., Proc. 7th Huntsville Gamma-Ray Burst 
Symposium, 41, C1304143, 2013

N. Cannady et al., ApJS, 238, 5, 2018



Effective area for gamma rays

CGBMCAL

Adriani et al., ApJ 933, 85 (2022)



Operation and data acquisition
• CGBM monitor data

• Time History (TH data): 4+4ch, 1/8 s
• Pulse Height data (PH data): 

102+410 ch, 4 s
• HV off at high latitude and around 

SAA

Trigger setting HXM SGM

Threshold 8.5σ 7.0σ

Energy band 25 – 100 keV 50 – 300 keV

• CGBM onboard trigger
• S/N calculation every 1/4 s
• Trigger is issued when the S/N is 

above threshold
• Acquisition of event data when 

triggered 

• CGBM alert to GCN
• GCN notice when triggered (1min)
• GCN circular after ground analysis (a 

few days)

• CAL data acquisition
• High energy trigger (HE, >10 GeV): always 

ON
• Low energy gamma-ray trigger (LE-γ, > 1 

GeV): low latitude & after CGBM trigger
• Automated ground analysis (gamma-ray 

selection, in several hours)



Gamma-ray bursts observed by CGBM
• 327 GRBs have been detected.

(October 2015 - June 2023)
• Long (T90 ≥ 1.17 s) GRBs: 296
• Short (T90 < 1.17 s) GRBs: 31

1233 onboard triggers (October 2015- June 2023)

Others
SGR: 32
Solar flare: 155
X-ray object: 14
Particle event: 579
BG fluctuation: 70
Unidentified: 53

Long GRB: 296
Short GRB: 31

Kawakubo et al., PoS(ICRC2023)1517

Year



Search for GW counterparts

• CGBM:
• No CGBM onboard trigger happened around any GW events 

during O3 (and O4 up to now).
• Ground search was performed for T0±60s where summed 

probability (Ph) above the horizon ≥ 1%, but no significant 
signals were found.

• CAL:
• Gamma-ray events within T0±60s are searched for events 

selected in HE (>10 GeV) and LE-γ (>1 GeV) modes in the case 
of “coverage” (fraction of CALET FOV covers LIGO/Virgo 
localization map) ≥ 5%, 

• No candidate was found during O3 (and O4 up to now). 
Upper limits on energy flux were calculated.

Adriani et al., ApJ 933, 85 (2022)
Kawakubo et al., PoS(ICRC2023) 1517

For O3, results are already reported: Adriani et al., ApJ 863, 160 (2018)/ApJ 933, 85 (2023).



An example of upper limit maps
Adriani et al., 
ApJ 933, 85 (2022)

GW190408an (O3) [BBH >99%]

CAL



Another example of upper limit maps

S230529ay (O4) [NSBH(62%)]

Kawakubo et al., 
PoS(ICRC2023)1517)

CAL



Examples of light curves by CGBM
Adriani et al., ApJ 933, 85 (2022)

S200112r (O3) [BBH >99%]
HXM SGM



Time histories by CGBM for likely NSBHs
Kawakubo et al., PoS(ICRC2023)1517

S230518h (O4)
[NSBH 86%]

S230627c (O4)
[NSBH 62%]



CALET summary for Observing Run 3
56 events in GraceDB + 1 sub-threshold event (Fermi GBM-190816) 
(5 are BNS candidates)

Adriani et al., ApJ 933, 85 (2022)
Kawakubo et al., PoS(ICRC2023)1517



Summary for CALET O4 follow-ups
Kawakubo et al., PoS(ICRC2023)151715 events in GraceDB (no BNS candidate)



Summary and prospects

• We are looking for electromagnetic (EM) counterparts 
of GW events using CALET CAL and CGBM data.

• No candidate of EM counterparts to GW events was 
found in CALET CAL and CGBM data during O3 and O4 
(up to June 2023).

• For O4, with higher event rates, we have developed 
automatic pipelines to process CGBM and CAL data.

• Other pipelines to check CGBM data for events alerted 
by other GRB detectors (Fermi, Swift, INTEGRAL, 
KONUS and MAXI) via GCN notice are under 
development.

[Adriani et al., ApJ 933, 85 (2022); Kawakubo et al., ICRC2023]
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