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Abstract

MAXI scans about 85% of the whole sky every 92 minutes with the orbital of the International Space
Station. It is suitable to search for X-ray afterglow or extended emission of gamma-ray bursts (GRBs)
caused by electro-magnetic (EM) counterparts of GW events. We report the results of the search for the
EM counterparts in LIGO-Virgo O1 to O3, and the the update of high-voltage operation and analysis
environment for the O3.
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1. MAXI for GW event

1.1. Monitor of All-sky X-ray Image: MAXI

MAXI (Matsuoka et al. 2009) is a mission onboard the
Japanese Experimental Module-Exposed Facility on the
ISS. Gas Slit Camera (GSC) onboard MAXI scans about
85% of the whole sky in one orbit (92 min) by sweeping
with a slit-shaped field of view. It can cover a large
localization area of a GW event and search for an emis-
sion from the area before the time of GW trigger. In
MAXI/GSC, the real-time transient monitor and alert
system (Nova-Alert) is continuously operating (Negoro
et al. 2016). The Nova-Alert detects transient events
with fluxes over than 80 mCrab in one-orbit and sends
an alert to the world in less than 30 sec. From the oper-
ation start of LIGO, MAXI has searched for X-ray coun-
terparts of GW events.

1.2. Detectability for SGRB afterglow

Figure 1 shows typical X-ray flux upper limit of GSC
observations in comparison with afterglows of canonical
short GRBs. GSC is able to detect the early X-ray af-
terglow of the canonical short GRB assuming a distance
of 170 Mpc: 90% detection of the GRBs with start ob-
servation after 100 sec since trigger and 15% detection
after 1000 sec since trigger. If BNS merger have an ex-
tended emission (GRB170817A had soft tail emission like
extended emission), GSC has a potential to detect the
extended emission.
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Fig. 1. Typical flux upper limit of GSC in comparison with afterglows

of canonical short GRBs. The red line shows the typical upper

limit of GSC in one scan. The gray lines are the lightcurves of

afterglows of canonical short on-axis GRB, assuming a distance

of 170 Mpc. Cyan and green dotted line show a boundary after

100 and 1000 sec since trigger.

2. MAXI observation of GW-EM counterparts

2.1. GW150914

GW150914 was triggered by LIGO at September 14 ,
2015 09:50:45 UTC. At the time GSC did not performed
observation. MAXI scanned in the cWB skymap region
started from 4 to 25 minutes since the trigger, and cov-
ered 95% of the error region by 6 GSC cameras in one



orbit. Nova-Alert detected no significant variability with
3σ in the region (Kawai et al. 2017).

2.2. GW151226

At the trigger time of GW151226, GSC performed ob-
servation and covered 1% of the bayestar skymap region.
The scan in one-orbit covered 84.8% of the error region
by 6 GSC cameras. Nova-Alert detected a short excess
event with a low significance (2.85σ) from T0+5257 to
5260 sec (Serino et al. 2017).

2.3. GW170817

The observational window of GSC for the electromag-
netic counterpart started 20 sec after the GW trig-
ger, but the High-Voltage of GSC was unfortunately off
at the time because ISS was entering a high-particle-
background region. Figure 2 shows the GSC X-ray image
around the electromagnetic counterpart of GW170817 at
the trigger. The first observation by GSC was eventually
performed 16797 sec (4.6 hour) after the trigger. The 3σ
upper limit was 8.60×10−9 erg cm−2 s−1 in the 2-10 keV
band, though it was the earliest X-ray observation of the
counterpart (Sugita et al. 2018).
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Fig. 2. GSC X-ray images at 2–20 keV around the electromagnetic

counterpart of GW170817. The point marked by ”x” is the

position of the optical counterpart SSS17a, the square region is

the PSF of GSC at the position, and the arrow shows the scan

direction of GSC.

3. Update to O3

From April 2019, LIGO and Virgo began the search for
GW event, called for third observing run (O3). We up-
dated operation and alert system for MAXI observation
of GW event.

3.1. HV operation

GSC has two camera units named zenith and horizon-
tal, which are 96 degrees apart. To connect sky area
from zenith camera to horizontal camera without obser-
vation gap, zenith needs to observe for 96 degrees which

convert to exposure of 96/360×92 = 24.5 min = 1472
sec. We carefully updated HV-on area without damage
by high-particle-background. The extend HV-on area to
satisfy 1472 sec exposure and to keep within VC count
< 3000 c/s in 7 cameras from 1000 c/s. In the case of
observation at 2019/06/25, a covering factor of all-sky
in one-orbit increased 9% compared with the previous
HV-on operation.

3.2. GCN in O3

We set up PC for GW events to make event data imme-
diately and automatically after GW trigger from data
base. We report coverage and upper limits of GW credi-
ble region during one-orbit (92m=1.53h). From April to
December 2019, the number of GW events to GCN was
34 events, of which 17 events occurred when GSC was
HV-on. Figure 3 shows the time to GCN submission of
34 GW events and figure 4 shows the coverage of GSC
observation to GW error region in one-orbit.
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Fig. 3. Time to GCN submission.
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Fig. 4. Coverage of GW region in one-orbit.
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