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Abstract

ASTRO-H is a Japanese sixth X-ray satellite mission scheduled for launch with H-IIA rocket in 2015.
It will carry two identical hard X-ray telescopes (HXTs) using Pt/C depth-graded multilayers and high-
throughput thin-foil optics. The hard X-ray imaging system, which consists of the HXT and the hard
X-ray imager (HXI), provides us the capability of hard X-ray imaging observation up to 80 keV. The final
assembly of the HXT-2 was completed in July 2013.

In order to confirm that our instruments could endure the launch environments, the acoustic and vibra-
tion tests were performed at JAXA Tsukuba Space Center (TKSC) and ISAS in August and September
2013, respectively. These environmental tests were successfully completed, the HXT-2 seemed to have no
damages. To verify the changes of the HXT-2 performance clearly, the optical axes for segments and tele-
scope were measured with optical light at JAXA ISAS. Focal lengths of each segment were also measured
with a L-R method. Although there were changes of about 10” at a maximum in the optical axis angle
of the telescope, and some shifts in the focal lengths between before and after vibration test, these slight
changes have little influence on X-ray performance of the HXT-2
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1. ASTRO-H satellite and Hard X-ray Telescope (HXT)

ASTRO-H is a Japan’s sixth X-ray satellite mission fol-
lowing to Suzaku satellite, which will be launched on a
H-IIA rocket in 2015. Scientific objectives are revealing
the large-scale structure and its evolution of the Uni-
verse, understanding the extreme conditions in the Uni-
verse, exploring the diverse phenomena of non-thermal
Universe, and elucidating dark matter and dark energy
by the hard X-ray imaging, the high resolution spec-
troscopy and the broad band observations between 0.3
to 600 keV.

ASTRO-H will carry two identical hard X-ray tele-
scopes (HXTs) which enable the hard X-ray imaging ob-
servation up to 80 keV. The optics of HXT is the coni-
cally approximated Wolter type-I grazing incidence op-
tics similar to the Suzaku X-ray telescope. The diame-
ter and focal length are 45 cm and 12 m, respectively.
The thin reflectors with 220 µm thickness are tightly
nested coaxially and confocally to obtain photon collect-
ing area. The reflector surfaces are coated with depth-

graded Pt/C multilayers to enhance reflectivity in the
hard X-ray region by means of Bragg reflection.

2. Environmental tests

All instruments to be onboard ASTRO-H should survive
the sever environments such as the vibrations during lift-
off. We performed an acoustic and a vibration test sim-
ulated the launch environment for HXT-2 flight model.

The acoustic test for HXT-2 was performed at JAXA
TKSC in August 2013. The overall pressure level and
the duration are 140.4 dB and 40 seconds for acceptance
test (AT), respectively. The vibration test for HXT-2
was also performed at JAXA ISAS in September 2013.
In this test, the sine vibration and burst input was per-
formed for three axis. The vibration conditions for AT
are followings. For sine vibration test, the acceleration is
8 G from 5 to 100 Hz. For burst test, it is 13 G at 32 Hz
and the durations are 2 ∼ 3 seconds. All environmen-
tal tests were completed successfully, in these tests, no
damage of telescope and no displacement of the align-

- 333 -



ment bars were found and there was small amount of
dust emerged.

3. Optical measurements of HXT-2 at ISAS

To verify the changes of the HXT-2 performance between
before and after the environmental tests, the optical axes
and focal lengths of the telescope were measured with the
optical light at JAXA ISAS.

3.1. Measurement of optical axes

Figure 1 shows a setup of optical measurement at ISAS.
HXT was mounted on a optical bench with 2-axis (az-
imuthal and elevation) tilt stage. The focal plane detec-
tor was the CCD sensor of the digital camera (Canon
40D).

Fig. 1. Setup for optical measurement at ISAS

The HXT has a reference cube mirror to find the tele-
scope axis. By calibrating the orientation of the refer-
ence cube relative to the optical axis, the optical axis is
derived by measurements of the cube orientation

One segment was mounted on the down stream side
due to the limit of illuminated area, and the other seg-
ments were masked by a segment cover. We measured
the dependence of the intensity on a off-axis angle by
rotating the azimuthal or the elevation stage. The op-
tical axis was deduced from the peak positions of the
vignetting curves. At optical axis in one segment, we
measured the cube orientation with the theodolite.

Fig. 2. Optical axes of each

segment located in the down

stream side

Fig. 3. Optical axes in case of seg-

ment 3 down stream side

The optical axes of thee segments were measured be-
fore and after the environmental tests. Figure 2 shows
the optical axes of each segment before and after the vi-
bration test. The origin in this figure shows the position
of light source. Figure 3 shows the optical axes at seg-
ment 3 down stream side. The optical axes of segment 1
and 2 were rotated to the original position at segment 3.

Table 1. Summary of the optical axes

(AZ, El) Before After After
(arcsec.) Env. tests Acoustic test Vibe. test
Seg1 (-25.0, -70.7) (-24.4, -69.0) (-30.1, -66.0)
(Seg1*) ∆ ∼(+1, +2) ∆ ∼(-6, +3)
Seg2 (89.7, -8.0) (77.3, -10.0) (93.3, -16.7)
(Seg2*) ∆ ∼(-12, -2) ∆ ∼(+16, -7)
Seg3 (-33.3, 74.3) (-38.0, 81.0) (-30.7, 84.0)
(Seg3*) ∆ ∼(-5, +7) ∆ ∼(+7, +3)
Tel. (-40.0, 71.0) (-38.5, 69.5) (-34.9, 77.6)
(Seg3*) ∆ ∼(+2, -2) ∆ ∼(+4, +8)

The optical axes in this measurement were summa-
rized in table 1. We found that the residual between
before and after were about 15” in maximum. Because
the vignetting curve around an on-axis angle is shallow
curve, it is negligible that the effective area is reduced
due to this shift of optical axis.

3.2. Measurements of focal length

The focal lengths of each segment were also measured by
using of the asymmetry of focused images. Changing the
detector position, we searched the best focused position
at symmetric images. The results of the measurements
were summarized in table 2. The shift of about 40 mm
in focal length was nothing more than 10” of image blur.

Table 2. Summary of the focal length

Before After After
Env. tests Acoustic test Vibe. test

Seg1 11886 mm 11888 mm 11887 mm
∆ = +2 mm ∆ = +1 mm

Seg2 12061 mm 12057 mm 12015 mm
∆ = -4 mm ∆ = -42 mm

Seg3 12003 mm 12008 mm 11983 mm
∆ = +5 mm ∆ = -25 mm

4. Summary

The HXT-2 flight model to be onboard ASTRO-H was
completed in July 2013. The environmental tests such
as the acoustic and vibration tests were also successfully
completed. By optical measurements of optical axis and
focal length, we found that the HXT-2 has almost same
performance between before and after the environmental
tests.
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