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Abstract

Lobster eye optics (LEO) is an optics composed of many small square-sided tubes aligned along a
sphere. Since the LEO can cover a wide field of view with a good sensitivity in soft X-rays, it makes an
ideal telescope to search for electromagnetic counterparts of gravitational wave sources. The Photonis’
LEO (PLEO) is proposed to be used for many future missions such as HiZ-GUNDAM, SVOM and so on.
We evaluated the performance of a PLEO using ISAS/JAXA’s 30 m X-ray beamline. We confirmed that
the PLEO collects parallel X-ray and makes a focused image which contains a center spot, cross arms, and
scattering components at the focal plane as suggested by Angel (1979). However, we found that the image
is not symmetrical due to the nonuniformity of the PLEO’s curvature. The size of the measured PSF is
280 [arcmin2] (FWHM) and the effective area at 4.5 keV is 1.1 cm2 (square area of |x, y| <= 1 cm ). We
also developed a simulator of the PLEO based on the performance evaluation. According to the result of
the simulation, the effective area at 1.0 keV is 3.0cm2 (square area of |x, y| <= 1 cm ) and the positioning
accuracy is less than 1 arcmin for a bright source.
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1. Introcuction

X-ray telescopes with a high sensitivity and a wide
field of view are ideal to find electromagnetic counter-
parts of gravitational wave sources. Lobster eye op-
tics (LEO:Angel configuration) is an optics composed of
many small square-sided tubes aligned along a sphere.
Since it can collect soft X-rays and its field of view is
depend on the number of the tubes, it can cover a wide
field of view with a sensitivity of 1 order or more better
than currently operating wide field of view telescopes.
A LEO is proposed to be used for many future missions
such as HiZ-GUNDAM, SVOM and so on. The purpose
of this study is to evaluate the performance of a LEO by
the X-ray measurements and simulations.

2. Photonis’ Lobster Eye Optics (PLEO)

We obtained the engineering grade LEO from Photonis
Inc (Fig1 and Fig2). The specification of the PLEO is
shown below.

• Outer dimensions : 4 × 4 cm ± 0.3 mm

• Plate thickness : 1.2 ± 0.02 mm
• Radius of curvature : 600 ± 90 mm
• Channel size dimensions ：20 µm × 20µm
• Channel pitch：6 µm
• Al film thickness on the input side : 70 ± 20 nm

Fig. 1. The picture of the

PLEO.

Fig. 2. The enlarged pic-

ture of the PLEO.

3. X-ray charactaristics

We performed the X-ray measurement of the PLEO
using ISAS/JAXA’s 30 m X-ray beamline to evaluate
PLEO. We used the 8 × 8 mm beam to secure the par-



allelism of ～1’. To radiate X-rays to the entire surface
of the PLEO, we radiated the beam for 5 × 5 grids.
And then, we added them to generate the single image.
The targets are Al (1.5 keV), Ti (4.5 keV), and Cu (8.0
keV). We confirmed that the PLEO collects parallel X-
rays and makes a focused image which contains a center,
cross arms, and scattering components at the focal plane
as suggested by Angel (1979) (Fig3). We were also able
to obtain its PSF and the effective area at 4.5 keV and
8.0 keV. However, we could not get the result at 1.5 keV
due to the alignment issue. The effective areas are 1.1
cm2 (4.5 keV) and 0.8 cm2 (8.0 keV) ( |x, y| <= 1 cm) .
The sizes of the PSF are 280 arcmin2 (4.5 keV) and 100
arcmin2 (8.0 keV) (FWHM).

Fig. 3. The focus X-ray images (left : 4.5 keV and right : 8.0 keV)

collected by X-ray CCD.

4. Simulation

We developed the simulator of the PLEO using
GEANT4. To include the physical process of a total
reflection in GEANT4, we use the extension package
named XRTG4 (https://xraytracer.com). In the simula-
tor, we considered the PLEO’s deviation of axes of tubes
and the nonuniformity of the curvature which we found
in our measurements. The deviation of axes of tubes
expands the cross and center components. The nonuni-
formity of the curvature makes the unfocused and asym-
metric image at the focal plane. Our developed simula-
tor can successfully reproduce the image similar to the
measurement (Fig4). The effective area calculated by
the simulator matched with the measurement within the
error of 10% (|x, y| <= 1 cm).

Using the simulator, we calculated the effective area
curves (Fig5) and positioning accuracy (Fig6) of PLEO.

5. Summary

We measured PLEO’s effective area and the size of the
PSF at 4.5 keV and 8.0 keV from the experiment. We
made the simulator of the PLEO and calculated the ef-
fective area curve and the positioning accuracy.
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Fig. 4. The simulated image (4.5 keV)

Fig. 5. The effective area curves calculated by the simulator. The

green line is the effective area of the center component only, and

the red line is the effective area of center + cross components.

The black cross marks are the measurements of the effective area

of the center component. The region of the center component

is 40 × 40 arcmin2, and the length of the cross region is 229

arcmin2 and the width is 40 arcmin2.

Fig. 6. Psitioning accuracy. We fitted the projection histograms of

the simulated image at 1 keV of two Gaussian to get center posi-

tions and their errors. The X axis shows the number of photons

detected at the focal plane detector. The Y axis show the one

sigma error region of the center positions. The positioning accu-

racy is less than 1 arcmin if more than 500 photons are detected

by a focal plane detector.


