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Abstract

The Gas Slit Camera (GSC) onboard MAXI is an X-ray All-sky Monitor covering approximately 85%
of the entire sky during its 92-minutes orbital period. It is expected to observe the early X-ray emission
from electromagnetic counterparts of gravitational wave (GW) sources.
In GW170817 MAXI did not observe the counterpart GRB170817A at the first orbital period because
MAXI was in the high charged particle background region. However, GSC could not be able to detect an
early afterglow of GRB170817A if it observed during the first orbital period, because the X-ray flux from
GRB170817A was fainter than that of from the canonical short GRBs.
We have developed X-ray optical systems for all-sky monitor aiming to detect the faint afterglow as
GRB170817A. By mounting one-dimensional X-ray focusing system on the kind of scan-type detector
like GSC, the sensor receives more photon with small size without decreasing total field of view during
an orbital period. We ’re developing simulation by Geant4 including X-ray total reflection process and
fabrication of flat X-ray mirrors with a goal of detection sensitivity to 1 mCrab/orbit.
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1. Introduction

1.1. GW170817

On August 17, 2017, gravitational wave event (GW)
GW170817 accompanied by GRB170817A was detected
by LIGO, and it is the first event for which electro-
magnetic counterpart of gravitational wave has been de-
tected. Then, follow-up observations were performed by
many observatories. In MAXI, it had stopped obser-
vation at the GW trigger time because ISS was in the
high charged particle background region. Fig. 1 shows
the X-ray observation of GRB170817A. According to the
X-ray observations to the afterglow, it was fainter than
that of canonical short-GRBs. So even if MAXI observe
GRB170817A immediately, the GSC (MAXI) could not
be able to detect the early afterglow of GRB170817A.
Therefore, we have developed X-ray optical systems for
all-sky monitor aiming to detect the faint afterglow of
GW event in early phase.

1.2. MAXI/GSC

The Gas Slit Camera (GSC) onboard MAXI is an X-
ray All-sky Monitor covering approximately 85% of the
entire sky during its 92-minutes orbital period. This kind
of scan type detector is suitable for observing transient
objects. Fig. 2 shows the geometry of X-ray path of

GSC. GSC determine the X-ray direction by masking
using slit and collimator.

Fig. 1. GRB170817A X-ray observations[Sugita et al. (2018)]

Fig. 2. Gas Slit Camera (GSC)[Sugizaki et al. (2011)]



2. X-ray focusing system with wide field of view

By mounting one-dimensional X-ray focusing system on
the kind of scan-type detector like GSC, the sensor re-
ceives more photon with small size (Fig. 3), while the
total field of view by an orbital period do not decrease.
We adopt two reflection optics (Wolter-I) for X-ray fo-
cusing.

Fig. 3. Schematic view of two reflection optics

We’re developing simulation by Geant4 including X-ray
total reflection process and fabrication of flat X-ray mir-
rors with a goal of detection sensitivity to 1 mCrab/orbit.

3. Result

3.1. Fabrication of X-ray flat mirror

We made the flat mirror which tungsten was coated, and
measured reflectivity by using X-ray beam from target
Al ( 1.5keV).

Fig. 4. Angular dependance of X-ray reflectivity at 1.5 keV

Fig. 4 shows the reflectivity of the mirror by incident
angle. Compared the measurement data with calculated
value, the effect of roughness was good agreement with
the Nevot-Croce model with the roughness of less than
σ = 1nm.

3.2. Simulation

We added X-ray total reflection process (XRTG4[CXRO
]) to Geant4, and performed X-ray focusing system simu-
lation. The conditions for the simulation were as follows;
focal length: 1000mm, aperture radius: 440 mm, mirror
height: 60 mm. Fig. 5. shows the image of focused X-
ray.

Fig. 5. Image of focused X-ray

Then, we irradiated X-ray in the parameters which were
as follows; fluence: 0.9 photons/cm2 ∼ 5 mCrab, X-
ray energy distribution: power-law with 20 sec exposure.
Fig. 6. shows how many photons did reach the detector.
From Fig. 6. it can be stated that this optical system
achieved sensitivity of 5 mCrab.

Fig. 6. Detected photons assuming the irradiation of GRB X-ray

afterglow

4. Conclusion

We made the X-ray flat mirror. From X-ray measure-
ment, we found the effect of roughness of the mirror
agrees with the Nevot-Croce model.
Additionally, we simulated optical system and estimated
detection sensitivity. The result shows that we need to
improve the optical system design in order to achieve
detection sensitivity to 1 mCrab/orbit.
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