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Abstract

Wolter-I thin-foil-nested X-ray telescopes onboard Japanese satellites such as ASCA, Suzaku and
ASTRO-H, can achieve a large effective area with low total weight. The image quality of these tele-
scopes are limited, however, since substrates of reflectors are thin aluminum foils, and it is difficult to
maintain the original shapes of the reflectors. In order to improve the image quality, we attempt to use
carbon fiber reinforced plastic (CFRP) that has higher stiffness than aluminum as the substrate of reflec-
tors. Furthermore, paraboloids and hyperboloids in the Wolter-I optics can be realized easily by CFRP,
whereas a conical approximation has been applied to the aluminum substrate used in the past telescopes
onboard Japanese satellites. A reflective surface made of a single layer of Pt is formed on the inner surface
of a full-shell CFRP foil by a replica method using a quadrant Wolter-I glass mandrel. The quality of this
mirror was measured at the synchrotron radiation facility, SPring-8, in May and November 2013. The
double reflection was confirmed, and the half power diameter of the focused beam was 5 arcmin.
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1. Wolter I type X-ray telescope

Wolter-I thin-foil-nested X-ray telescope can achieve a
large effective area. However, its image quality is lim-
ited. This is because substrates of reflectors are thin
aluminum foils and it is difficult to maintain the orig-
inal shapes of the reflectors. Furthermore, if a conical
approximation is applied to the Wolter-I optics (see Fig.
1), the image quality is also limited. In order to improve
the image quality, we tried to use Carbon fiber reinforced
plastic (CFRP) that has higher stiffness than aluminum
as substrates of reflectors. It is easy to realize Wolter-I
type optical system without the conical approximation.
The CFRP full-shell foil (Fig. 2) was made by an Ehime
University group, and the length, diameter, and focal
length of the foil are 300 mm, 200 mm, and 12 m, re-
spectively. A Pt layer is to be applied as a reflective
material by a replica method.

Fig. 1. Wolter I optical system(conical approximation)

Fig. 2. CFRP full-shell foil(φ 200 mm)

2. Replication to the CFRP

We used a Wolter-I glass mandrel (Fig. 3 left) made by
the Ehime University group to replicate a single layer of
Pt onto an inner surface of the full-shell CFRP foil. The
surface of the glass mandrel was ground and polished
to form the paraboloid and the hyperboloid. First, we
sputter a single layer of Pt onto the glass mandrel. After
that, we spray epoxy onto the mandrel, and press it onto
the inner surface of the CFRP foil in a vacuum chamber.
The mandrel and foil were kept in an isothermal bath to
cure the epoxy for 14 hours. Then the CFRP foil was
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peeled off from the glass mandrel. Finally, the Pt surface
was replicated onto the inner surface of the CFRP foil
(Fig. 3 right).

Fig. 3. left:Wolter-I glass mandrel right:Pt on the CFRP foil

We measured the shape of the inner surface along a
generatrix line by using a laser displacement sensor(Fig.
4). The red line is the measurement and the black line
is the design value. We measured 8 lines, and the RMS
of the difference is 7.1 µm(8 lines average).

Fig. 4. Measurement of generatrix line(red) and design value(black).
The difference between the design and measured values is shown
in the lower panel.

3. Measurement at SPring-8

We characterized the CFRP telescope at the synchrotron
radiation facility, SPring-8, located in Hyogo prefecture,
Japan, in May and November 2013. We used the BL20B2
beamline; the X-ray flux is high (107 photons/s) and the
beam divergence is small (10”× 10”).
The telescope was illuminated by an X-ray pencil beam
of an energy of 20 keV. The beam size was 5mm × 5mm
(2013 May) and 10mm × 10mm (2013 November). Dou-
ble reflection images were confirmed, and the half power
diameter of the images were about 5 arcmin.

4. Future improvements

It is difficult to align the CFRP foil and the glass mandrel
correctly in the replica process because the inside of the
full-shell foil is not fully visible; the misalignment results

Fig. 5. Double reection image left:2013 May,right:2013 November

in a deficit of the reflection surface. We will improve the
alignment by using quadrant CFRP foils (Fig. 6).

Fig. 6. Quadrant CFRP foil( left) and mirror (right)

We showed that the platinum surface can be replicated
to the CFRP surface with the Wolter-I glass mandrel.
However, if many foils with various diameters are needed
to complete a telescope, many glass mandrels with var-
ious sizes are also required. This will cost a lot of time
and money. Thus we now try another method in the
replication process; we use a thin glass sheet of a 0.145
mm thickness (Fig.7 left). First, we sputter Pt onto the
thin glass(150 mm × 160 mm size), and spray epoxy
onto it, and put the glass sheet onto the CFRP. After
that, the CFRP foil and the glass sheet are put into a
plastic bag, and the inside of the bag is vacuated (Fig.7
right). Though it is possible to transfer the Pt layer to
the CFRP surface, we find some difficulties of using thin
glass sheet. We will improve the process in future.

Fig. 7. left:Sputtered Pt single layer onto the 0.145 mm thin glass
right:image of vacuum bag
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