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‘Characterization of X-Ray Telescopeson board ASCA ;

Yoshlyukl TSUSAKA* Koujun YAMASHITA** and Hldeyo KUNIEDA”‘*
o *Department of Vacuum UV Photoscrence Instltute for Molecular Sc1ence :

"*School of Smence Nagoya Umvers1ty

The X-ray properties of multi-nested thin foil mirror X-ray Telescopes (XRT’s) on
board ASCA satellite were fully evaluated with an X-ray pencil beam. Scanning over the
telescope aperture of 35 cm with an X-ray pencil beam, we found the effective area of::

~ XRT to be 20-30% less than the value derived from the ray tracmg calculatlons under the
_ideal condition. The Point Spread Functions (PSFs) of XRT were derived by measuring the
- image profile at the focal plane with an X-ray CCD. The PSF is found to exhibit a sharp
core concentrated within 30 arcsec and a broad wing extended with 3 arcmin in Half Power
~ Diameter (HPD). ‘We also evaluated the contribution of the stray light, which is caused by
uthe single reflectlon of X-rays by primary or secondary mirrors and by the back sxde
reflection of the mirrors. To obtain the characteristics of XRT i in the energy range of 0. 5—
10 keV, 1ncorporated with the measurement at discrete energies, a ray tracing mcthod is
, ,;developed with the telescope design parameter, PSF, and opt1cal constants. Especially
~ optical constants around gold M absorptlon edges are obtained by measuring the
" reﬂectrvety of our mirror sample, using monochromatized X-rays in the energy range of
22035 keV from a synchrotron radiation. Taking into account of the PSFs and optrcal e
constants our ray tracmg program can reproduce all these XRT performances ‘
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Figure.1 Reflectivity versus X-ray energy at 0.5

degree incidence. Open circles, filled circles are
represent Au, Pt, and Ni surfaces, respectively.
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paraboloid is F1, and those of hyperboloid are F1 and
F2. X-rays are focused on F2.
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Figure.3 Reflector preparation. An aluminum foil is
bent in a conical shape by using a hot press method
with a conical mandrel. The shaped foil is coated with
actylic lacquer and gold layer for X-ray reflection.
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Figure.4 X-ray telescope quadrant housing. 120 foil
reflectors are installed in each of two layers. Slotted
radial bars supported the reflectors in the each housing.
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Table 1 Main characteristics of typical X-ray telescopes

EINSTEIN XMM ASCA
~ Fabricationmethod  Polishing  Replication Multi-nested thin foil
%jf1a(mch“" . ow 1 1999 0 qogs
. FocalLength(mm) 3400 7500 3500
~ Diameter (mm) . 330-560  306-700  120-344
 cidentangle(deg)  07—12  029-067  024-070
R M a0 A
k . MxrrorsubstrateGlass (Zerc beWar) " CFRP Al foilj(écjl‘fyli‘cylyéc‘que‘r')‘
Reﬂectorthlckness (mm) 20 e 06%14 ’ 0135 o
. errorLength(mm) s - 300 o 100 .
.

 effectivearea(cm?)

 5000(3se) 1300 (4 set)

s aeyie a0
weightkg) 500 510(3se)  40(4sey)
: Ahgulaf reéoluﬁon (arcsec‘.') o 6 - 30 - 180 i
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Sample Chamber

Movable Slit Measuring Chamber

30m

Figure.5 The 30 meter long X-ray beam line at Institute of Space and
Astronautical Science. The distance between X-ray source to a slit is 30 meter.
The 3.5 meter X-ray telescope can be accommodated in two large chambers.
Total volume is separated into 6 sections by 5 gate valves indicated by cross

marks.
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Figure.6 Effective area of an ASCA XRT versus
photon energy. The circles represent the measured
results, and the dashed and solid curves are derived
from the calculation based on an ideal case and a
modified case, respectively (see section 5 in text.)
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Figure.7 Measured and calculations (solid line)
effective area versus off-axis angle at 1.5, 4.5, and 8.0
keV. The field of view is 24, 22, 18 arcmin in FWHM,
respectively.
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Figure.8 XRT images of a point source at 4.5 keV: (a)
Measured on axis image. (b) Image derived from the
modified ray-tracing calculations.
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Figure.9 Measured PSF (open circles) and EEF (field
circles) at 4.5 keV. The solid curves are calculated by
the ray tracing.
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Figure.10 Distribution of stray photons from a source at an off-axis angle of 1
degree in the direction of the top right corner: (a) observed GIS image, in which
the aperture is 50 mm diameter and the distribution is compressed near the
detector edge due to the response. (b) from the ray tracing. The lower left
region is contaminated by photons reflected by backside surface and the upper
right region is contaminated by the photons reflected only on secondary mirrors.
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Figure.11 Results of the reflectivity measurements.

(a), (b), (c), the reflectivity of the ASCA reflector at 1.5,
4.5, and 8.0 keV, respectively. The open and filled
circles represent the reflectivity of the front (gold) and
back (acrylic lacquer) surfaces The solid curves are
fromAthe calculations with the surface micro roughness
of 5A.
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Figure.12 Results of the reflectivity measurements at
UVSOR BL7A. Gold M absorption edge structures are
clearly seen at 2.21, 2.29, and 2.74 keV.
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Figure.13 Optical constants, ¢ . The open and filled
circles are derived by the fitting of the reflectivity
measurements in Fig.11 and Fig.12, respectively. The
solid curve represents the & installed in the modified
ray tracing program, and dotted curve is calculated by
the use of the empirical formula.
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Figure.14 The reflected beam profiles. The open
circles, filled circles, and crosses show the measured
results at 1.5, 4.5, and 8.0 keV, respectively. The thin,
dotted, and thick curves represent the model
calculations installed in the present ray tracing
program. The incident beam of the width of 0.2 mm is
negligible small in this plot.
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Figure.15 The X-ray beam profiles reflected by small
part of a reflector that is Tmm X9 mm. To avoid ovetlap,
we offset each piece of data from the previous one in
the plot. Each profile comes from a spot every 9mm
from the top to the end of the foil along the X-ray beam
axis.
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Figure.16 Histogram of X-ray peak positions of the
reflected beam by each reflector on the focal plane.
The expected distribution 120 foils is shown by a solid
curve.
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Table 2 Effect of each error to the image quality.
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Figure.17 Flow chart of our ray tracing calculation.
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