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Summary: The latest LIGO/Virgo/KAGRA observing run (04) started on May 24 in 2023. Many ground and space instruments have participated in follow-up observation and search for electromagnetic
counterparts of gravitational waves. Calorimetric Electron Telescope (CALET) on the international Space Station has also searched for electromagnetic counterparts since the observation started in October
2015. Although CALET is a payload for direct measurement of high-energy cosmic rays, CALET has the capability to observe high-energy gamma-rays above 1 GeV with the Calorimeter (CAL) and X-rays /
gamma rays in the energy range from 7 keV to 20 MeV with the CALET Gamma-ray Burst Monitor (CGBM). We searched for electromagnetic counterparts of gravitational wave events in the last LIGO/Virgo
observing run (03). Although no candidate was found in CALET data in O3, CAL and CGBM estimated upper limits of gamma-ray / X-ray flux for the gravitational waves in O3. We have been searching for
electromagnetic counterparts of gravitational waves in 04 with improved and automated analysis pipelines to deal with many events with high event rates. As of the end of June 2023, the
LIGO/Virgo/KAGRA collaboration reported 169 events via GCN/LVC NOTICE, and 15 of 169 events were reported to GCN circular as significant events. Although CGBM and CAL searched for signals associated
with the significant events, no candidates were found around the event time of the significant events. We obtained CAL upper limits for eight significant events of which localization high probability region
overlapped with the CAL field of view.

Calorimetric Electron Telescope (CALET) CALET observation in 03 & 04 In the CAL analysis, we used data from the High-Energy trigger (HE)
CGBM has been collecting Time History (TH) data (1/8 s, | mode and the Low-Energy Gamma ray (LEG) mode (only enabled at
The latest observing run for gravitational wave (04) started on 4 channels (High Gain) + 4 channels (Low Gain)) with low latitudes or short intervals after CGBM onboard triggers). We
May 24, 2023, following the engineering run (ER15) for about one running the onboard trigger system. The onboard trigger | searched for gamma-ray events in the data of HE or LEG mode for T,
month. The first public alert in 04 was distributed via the General system calculates a signal-to-noise ratio (SNR) every 0.25s.| +/- 60 s in the case of “Coverage” equals or exceeds 5 % according to
Coordinates Network (GCN) and GraceDB on May 18, and many At 1/8,1/2,1,45 the method described in [12, 13]. “Coverage” is the overlapping
follow-up observations and searches for electromagnetic (EM) N Xl_r:%m Ates: 16 sec region of the LIGO/Virgo localization map covered by the CAL field of
counterparts of gravitational waves (GWs) have been performed since| SNR = W Niot: GRB + Background counts during At | view during the interval T, +/- 60 s. No gamma rays associated with
the first event in 04 [1, 2]. CALorimetric Electron Telescope (CALET) G Nga: background counts during Atse any GW events in Table 3 were found. However, in case of a null
has also searched EM counterp_arts of (_iWs,_in particular, short Once any SNR exceeds the detection threshold, 8.5 for e‘_’e“‘{ we _estimated the 90 % con_fidence level yppe( Iim_its fgr any
gamma-ray bursts (GRBs) associated with binary neutron star HXM and 7.0 for SGM, event data is captured, and direction, like Figure 5. Also, the highest upper limits in pixels in the

mergers.

HXM

GCN/CALET NOTICE is distributed. However, no onboard overlapped region are shown as "CAL Upper limits” in Table 3.
trigger happened around any GW events shown in Table 3.| More detail of analysis procedures and CGBM upper limits for 03
The ground search was performed by applying the formula | events were summarized in Adriani et al. 2022 [13].

to TH data for Ty +/- 60 s with more conditions for events,
of which summed probability (P,) above the horizon equals $190408an (1 - 10 GeV) 5230529ay (10 - 100 GeV)
or exceeds 1 %. While the background rate was estimated
by averaged counts of before and after At in 03,
background fitting with a polynomial function was used in
04. No significant signals were found in CGBM data for
any GW events in Table 3. Although no significant binary
neutron star merger events have yet to be reported in 04,

Figure 1. Schematic image of CALET.  Figure 2. Flight detectors of CGBM CGBM count rates around 5230518h and 5230627, which .
N - Figure 5. 90 % upper limit maps for $190408an (left) and $230529ay (right). Green
are likely NSBHs, are shown in Figure 4. . A o . .
CALET is a payload on the International Space Station (ISS) to contours are LIGO/Virgo localization high probability region. Red and blue circles
observe cosmic rays and gamma rays [3]. Although the primary _ $230518h (HXM1) $230518h (HXM2) - lsnéal‘)lsmh (SGM] are the HXM and SGM fields of view ignoring effects of the ISS structures,
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TkeV] information for CAL gamma- Figure 4. Time history of CGBM count rates around 5230518h v g
ray observations are available (Top) and $230627c¢ (Bottom).
Field of view ~3sr ~8sr in other presentations and Table 3 Summary of CALET observation in O3 (Purple) and 04 (Orange, significant only) [1, 2, 13]
published paper [5, 6, 7] PossibleSource  Time(T)  Coverage CALupper limit coom Event D
[ergcm? 5] Observation i
5230630bq  BBH (97%) 23:45:32 10% 1.5x10%(10- 100 GeV) No detection 82% $191109d BBH (>99 %) 01:07:17.221 0% Outside of the FOV.
In the counterpart search, CGBM is more important because CGBM 5230630am _BBH (98%) 12:58:06 0% 33x10°(10-100Gev) HVoff - S191105  BBH (95 %) 143521933 0% Outside of the FOV.
has detected 327 GRBs thanks to the onboard trigger system as of 52306253 M BRHIE3%) 231200 L] - HV off - S190330t  NSBH (74%) 14:30:07.685 0% Outside of the FOV N datection 7%
. R L A 5230627 NSBH (49%) 01:53:37 0% - Nodetection  100% .
June 2023. Flgure 3 ShOWS the duratlon dlstrlbutlon Of GRBs S s 113103 P ) T ) 51909305 MassGap (95 %) 13:35:41.247 5% 4.5x10* (10 - 100 GeV)  No detection 100%
detected by CGBM/SGM. If we classified GRBs with the intersection 5230609 BEH (36%) 064958 % 42x10°(1-10GeV)  Nodetection _ 87% S12024h Bl [MazsSapiz 207 foz:18:40 847 [0 R N .

. . . . . . 5230608as  BBH (>99%) 20:50:47 50% 5.0x10°(1- 10 GeV) No detection 100% 5190923y NSBH (68 %) 12:55:59.646 0% Outside of the FOV. No detection 68%
of two logarithmic normal distributions, 31 GRBs were classified as conoes s Gos)  ooanes o ; Nodetection 1005 sio0s15ak  BBM(9S%) 235702691 0% Ousideoftherv  Nodetecton  100%
short GRBs. A short GRB is a plausible candidate of saoe0s0  men(s)  owsmas % Nodetection 6% sisosion  BNS (61%) Os2esesis 10%  S3A07(1-10GeV)  Nodetecton  78%
EM counterparts of the binary 60 S2306016¢_BBH (>09%) 22:41:34 15% 16x10°(10-100Gev) HVoff - 51903104 NSBH (95 %) 012619243 0% Outside of the FOV N datection 7%
neutron star mergers like tersection | Lone ~ 230529 VNS CHIG2 ) HB:15:00) %) GERIHED=TE0CT)_ LU 5190901ap  BNS (86 %) 23:31:01838 5% 28x10%(1-10Gev)  No detection 82%

50 \mean = 16.36 5 52305220 Bon (99%) 15:3033 5% 15x104(10- 100 Gev) _HV off
GRB 170817A, which is associated Srn o 093805 - it 51908281 BBH (>09 %) 06:55:09.887 0% Outside of the FOV. No detection 79%
" 5190828] BBH (>99 %) 06:34:05.756 0% Outside of the FOV. No detection 28%
Wlth GW 170817 (8,9, 10, 11]. 40 5230520ae  BBH (>99%) 22:48:42 10% 1.5x10* (1-10GeV) No detection 61%
18,9,10,11] S230518h  NSBH (86%) S e R e GEM-180816 sub-threshold 212213027 25% 2.8410%(10-100GeV)  No detection 66%
30 5190814bv  NSBH (>99 %) 211039.013 0% Outside of the FOV. HV off 5
Ahoust e Fave chocked CAL IR o enc s v osnier oo o
t Oug . we have ¢ ec_ e_ 5200316bj MassGap (>99 %)  21:57:56.157 0% Outside of the FOV No detection 90% 5190727h BBH (92 %) 06:03:33.986 0% Outside of the FOV. No detection 14%
data for hlgh-energy emissions 10 $200311bg  BBH (>99 %) 11:58:53398 0% Outside of the FOV. HV off - 51907202 BBH (99 %) 00:08:36.704 0% Outside of the FOV. HV off
from GRBs detected by CGBM, 5200302c  BBH (89 %) 015811519 0% Outside of the FOV. Nodetection  81% 190718y Terestrial (98%)  14:35:12068 10%  12v10°(1-10GeV)  Nodetection 2%
only two candidate events were 001 01 1 10 100 1000 5200225 BBH (96 %) 060421397 0% Outside of the FOV. HY off - 5190707q 88K (-99 %) 09:33:26.081 25% 38x10°(1-10GeV) N detection 6%
found, and no conclusive event Too [s] S200224ca BEH (599 %) 22230405 95%  9.0x107(10-100GeV)  HVoff : S190706ai  BBH (99.%) 22641345 0% Outside of the FOV  HV off
,
;. : P : ac :44:15.3 utside of the. 0 detection ah :( utside of the. lo detection
haS yet to be found4 Flgure 3. Duration distribution 5200219 BBH (96 %) 09:44:15.195 0% Outside of the FOV No detecti 71% 51907013 BBH (93 %) 20:33:06.578 0% Outsi the FOV No detecti 19%
measured by SGM (40 — 1000 keV) 5200213t BNS (63 %) 04:10:40328 0% Outside of the FOV Nodetection  18% 51906302 BBH (94 %) 1852105180 0% Outside of the FOV  HV off
5200208q  BBH (>99 %) 13:01:17.991 0% Outside of the FOV HV off - 5190602aq BBH (>99 %) 17:59:27.089 0% Outside of the FOV. No detection 99%
CGBM b L. f h GRB 5200129m  BBH (>99 %) 06:54:58.435 5% 4.8x10%(10-100 GeV)  HV off - 51905211 BBH (>99 %) 07:43:59.463 0% Outside of the FOV. HV off
can observe prompt emissions of short GRBs e e e | T e | X3 et
CAL has the possibility of observing high-energy emissions of GRBs. S0011S]  MassGap(-99%) 0423:09742  15%  85x10°(10-100GeV) HVoff 3 51905196 BBH (96%) 153544398 0% Outsideof the FOV  No detection 100%
s200114f - 02:08:18239  85% 1.2x10°* (10 - 100 GeV) HV off - 5190517h BBH (98 %) 05:51:01.831 0% Outside of the FOV. No detection 86%
5200112r  BBH (>99 %) 15:58:38.094 5% 1.1x10° (10 - 100 GeV) No detection 67% 5190513bm  BBH (94 %) 20:54:28.747  15% 4.5x10°* (1-10 GeV) No detection 100%
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