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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

HXM SGM

CAL



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

CGBM



electron protongamma-ray

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

Gamma Ray Event Selection (CAL)

100 GeV Event Examples

Charge Z=0 Charge Z=1

Electromagnetic Shower Hadron Shower

well contained, constant shower development larger spread5

Cannady et al., ApJS 238:5 (2018)



CALET triggers and gamma-ray observation
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HE trigger: E > 10 GeV
LE- trigger: E > 1 GeV

• HE trigger mode: always ON
• LE- mode: ON when geomag.lat. 

< 20 or CALET Gamma-ray Burst 
Monitor (CGBM) is triggered

Asaoka et al., Astropart.Phys. 100, 29 (2018)Trigger rate vs ISS location

HE LE-

Typical operation

ISS orbit: altitude ~400 km, incl. 51.6



Effective area for gamma rays

CGBMCAL

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



CALET/CAL performance
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• HE trigger (>10 GeV) is always active in normal observations
• LE- trigger (>1 GeV) mode is activated when the geomagnetic latitude is 

below 20 or following a CALET Gamma-ray Burst Monitor (CGBM) burst 
trigger

Asaoka et al, Astropart. Phys. 91, 1 (2017)

• Good energy resolution at high energies thanks to the thick calorimeter!

Cannady et al., ApJS 238, 5 (2018)

Angular resolution Energy resolution

1 10 100

0.1

1

10

Energy [GeV]

 6
8
 [

de
gr

e
e
]

CC track
EM track
Fermi-LAT

1 10 100 1000 10000
0

5

10

15

20

Energy [GeV]


E
/
E
 (

6
8
%
 c

o
n
ta

n
m

e
n
t)

 [
%
} CALET

Fermi-LAT
CTA South



CALET data downlink scheme
Low speed link (50 kbps, almost real time): house keeping data etc.
Medium speed link (600 kbps, every hour): raw data (“level 0”)

Torii,

[ Not used anymore ]



CALET ground system – data flow

Operation plan
Observation
Calibration

Real-time monitor
Quick Look

Scientific data
processing
Level0 to Level1



CAL gamma-ray search for CGBM-detected events
• 99 GRBs detected by CGBM
• Looked LE- data in [T0-60s, 

T0+60s] within 2 deg from 
the central position

• 37 GRBs: no LE- data
• 59 GRBs: no LE- events
• 3 GRBs with LE- events

• GRB 180526A
• GRB 200101A
• GRB 200613A – likely secondary

Kawakubo et al., PoS(ICRC 2021)



Searching transient events with CAL

Judging ‘pairs’ using PSF 

• Gamma ray bursts, AGN flares, EM counterparts of GW, 
…

• We define a ‘transient event’ as a gamma-ray pair coming 
from the same direction (within our angular resolution) in 
a 120-s time window.

See also poster PS3-243 (Cannady et al.) for GRB search by CALET/CAL

Mori, ICRC2019



Transient gamma-ray monitor system
• Running since 2018/08/20 at WCOC
• Parallel processing (60 threads) – 40 min for 1hr data
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Receive 1hr data

Produce 
high-level 

data

Select 
gamma ray 
candidates

Thread01

Produce 
high-level 

data

Select 
gamma ray 
candidates

Thread02

Produce 
high-level 

data

Select 
gamma ray 
candidates

Thread03

Produce 
high-level 

data

Select 
gamma ray 
candidates

Thread04

Produce 
high-level 

data

Select 
gamma ray 
candidates

Thread05

Produce 
high-level 

data

Select 
gamma ray 
candidates

Thread60

…

HE

Same 
direction?

LE

Same 
direction?

CGBM T060s

Same 
direction?

Classification of threads

Divide into threads

Mori, ICRC2019



WCOC DQC “GAM_PAIRS”
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Monitor 
panel  on 
Web 
checked by 
shift 
persons 
every day



Flight operation of CGBM
CGBM has collected monitor data, and captured event data & alerted onboard 
triggered events since the observation started in October 2015. 

CGBM HV Off

• Collecting monitor data
• Time History (TH) data 

1/8s, 4 + 4 ch
• Pulse Height (PH) data 

4s, 102 + 510 ch
• High voltages are off at high latitude

and around SAA  

• Onboard trigger & Capturing Event data
• Calculating signal-to-noise ratio (SNR)

every 0.25 s
• Event data capture 

62.5 s, 4096 ch x 2
When SNR exceeds thresholds

• Event data downlink (3 times/week)

• GCN alert
• Automatic GCN notice based on real-time TH data (~ 1min)

TH Light curves are available on the GCN web page (~ 15 mins)
http://cgbm.calet.jp/cgbm_trigger/flight/

• GCN circulars and ground processed light curves for confirmed GRBs (~ several days)
http://cgbm.calet.jp/cgbm_trigger/ground/

SGMHXMTrigger settings

7.0 σ8.5 σThreshold

50 – 300 
keV

25 - 100 keVEnergy range



CGBM has been triggered 1374 times onboard by 2023/12/26
Real-time alerts have been distributed for about 2/3 of the total. 

Onboard triggered events

317 long GRBs
36 short GRBs
37 SGRs

179 solar flares
14 X-ray sources

28 possible GRBs
659 particle events

72 background fluctuation
32 unclassified

The fraction of GRBs is 26 %

Year



GRB observations with CGBM

HXM2

HXM1

SGM

7-25 keV

25-100 keV

100-300 keV

300-3000 keV

0.04-0.23 MeV

0.23-1.0 MeV

0.83-2.6 MeV

2.6-28.0 MeV
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Preliminary 

α = -0.5 +/- 0.2
β = -2.1 +/- 0.1
Epeak = 280 +/- 50 keV
χ2 / d.o.f = 41.08 / 48
Fluence (30 – 1000 keV)
= (2.9 +/- 0.1) x 10-5 erg/cm2

GRB 221209A (PH data)

CGBM can observe GRB light curves 
and spectra in the broad energy bands.  
CGBM can measure durations and 
spectral parameters.

T90 = 3.2 +/- 0.4 s 
SGM 40 – 1000 keV
GRB 221209A 



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

events during O3 (and O4 up to now).
• Ground search was performed for T060s where summed 

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

• CAL:
• Gamma-ray events within T060s are searched for events 

selected in HE (>10 GeV) and LE- (>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).

Search for GW counterparts



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



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

• CALET CAL and CGBM are monitoring the 
gamma-ray sky continuously since 2015.

• CAL observes gamma rays above 1 GeV with ~2 
sr and CGBM detects photons above 7 keV and 
up to 20 MeV with ~8 sr.

• Dedicated analysis system for transient events 
are working to alert within an hour.

• We are following up GW alerts during O3 and O4.
• Unfortunately, we have only upper limits up to 

now, but may have chances…
• CALET observation continues until March 2030!


