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One of the major strengths of the Suzaku XIS is their good energy resolution particularly
in the soft X-ray region. In fact, observations with the XIS are providing new views on
highly ionized carbon, nitrogen, and oxygen in cosmic hot plasma, for example. On the
other hand, we noted that the detection efficiency in the soft band had been degraded
gradually after the first light on 2005 August 12-13. The degradation is most likely due to
some contaminant accumulated on the surface of XIS optical blocking filters. We evaluate
the effect by observations of various calibration targets and the sun-lit earth, leading to the
absorption model as a function of time, distance from the FOV center for each XIS sensor.

§1. Suzaku XIS

Suzaku, the X-ray astronomy satellite launched on July 5th 2005, carries X-
ray Imaging Spectrometer (XIS),1) X-ray CCD sensors located on the focal plane
of the X-ray Reflection Telescope(XRT). One XIS camera is equipped with a back-
illuminated (BI) CCD, while the other three have a front-illuminated (FI) CCD.
Good energy resolution of 40eV for FI-CCD or 50eV for BI-CCD at 0.5keV, and
high quantum efficiency (QE) are important advantages of the XIS over other X-
ray CCDs in orbit. In fact, measurements of emission lines from ionized carbon,
nitrogen, and oxygen have been opening new aspects on the elemental abundance of
cosmic plasma in many objects.

However, we noticed that the QE had been reduced gradually after several
months from the XIS first light on 2005 August 12. Inspection of the observed
X-ray spectra of some sources indicated that it is due to absorption mainly by car-
bon. The absorption is not uniform over the FOV, heaviest at the center of FOV and
minimum at boundaries. We consider that some contaminant in which carbon is the
dominant component accumulated on the surface of the optical blocking filter of the
XIS camera. Although the origin of the contaminant has not yet been identified, we
can evaluate the thickness of the contaminant as a function of time and the distance
from the FOV center. Empirical models based on this evaluation are now available
in data analysis softwares.
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§2. Contaminant thickness, non-uniformity, and time evolution

2.1. Time evolution of the contaminant thickness at the FOV center
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Fig. 1. E0102-72 spectra obtained with Suzaku XIS1 (BI-CCD) in different occasions. Degradation

of the low energy QE is evident.

Fig. 2. Contaminant thickness as a function of time. XIS3 has the largest contaminant thickness,

while XIS0 does the smallest.

The isolated neutron star RX J1856.5-3754 was observed with Suzaku on Octo-
ber 24-26th 2005. This source is known to have a blackbody temperature of about



XIS QE 3

63.5 eV, and can be a good calibrator of the low energy QE. However, the XIS1 (BI)
spectrum obtained could not be reproduced with this model, unless additional ab-
sorption of 0.15 µm thickness carbon layer is included. The discrepancy was largest
just above the neutral carbon edge.

E0102-72 is a frequently-observed supernova remnant in the SMC. We had
planned repeated observations of this source with Suzaku XIS for low energy cali-
bration, for example, to examine possible OBF contaminations. We increased the
frequency of the observations from the original plan; Suzaku has observed this object
10 times between 2005 August and 2006 August. The counting rate in the soft X-ray
region is found to decrease as a function of time (Fig.1).

The estimated contamination thickness as a function of time after the XIS door
open (=the first light) is shown in Fig.2. In this estimation, we assumed there are
contributions of oxygen in absorber, of which amount is 1/6 of carbon. The absorbing
thickness is more than a factor of 2 different between the sensors, and the increasing
trend is gradually saturating in 2006.

2.2. Non-uniformity of the contamination
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Fig. 3. Radial profile of the contaminant thickness (XIS1). The profile is modeled with an analytic

formula.2)

We can estimate the spatial distribution of the contamination by observing the
uniformly extended sources, such as the Cygnus loop. Comparison of the C-band
image and CVI band image illustrates the non-uniformity of the contaminants mainly
made of carbon. A factor of two non-uniformity is found in the contamination
thickness from the two different datasets.

The sun-lit earth emits nitrogen and oxygen fluorescence lines. Just after the
launch, the nitrogen line was the strongest at the center of the field of view, while
the strength was reversed within a few months after the launch. We can estimate
the difference of the thickness at a given position and that at the FOV center by
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examining the observed surface brightness of the N line or O line. The thickness
difference obtained in this way from N line and O line agrees fairly well. Since
we already know the contaminant thickness at the FOV center, we can model the
contaminant thickness as a function of time and the distance from the FOV center.

2.3. Abundance of the contaminant

The blazer PKS 2155-304, characterized by smooth continuum spectrum, was
observed with Suzaku on November 2005 and May 2006. The XIS spectra obtained
in these observations are useful to estimate the contributions of elements other than
carbon, particularly of oxygen. There is a clear evidence that the absorption by
oxygen have to be included to reproduce the spectra. In fact, without oxygen con-
tribution the observed spectra of RXJ1856.5-4754 and those of E0102-72 cannot be
reproduced.

As shown in the Fig.4, there is an indication that the contaminant abundance
is not a fixed value, but we need further study on this point. The current empirical
models for the XIS data analysis employs the C/O ratio of 6/1.
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Fig. 4. Carbon and oxygen in the contaminant estimated from two times observations of PKS2155-

304. Dotted line corresponds C/O=10:1, while dashed line represents C/O=6:1 but with some

offset.

§3. Implementation in the Analysis Software

We have made quantitative understanding and modeling of the contamination
and the results are implemented in the response functions and its generator (xissi-
marfgen).2) Updates of the model is still in progress.

A possible operation in which the temperature of the XIS camera will be raised
for some period to evaporate the contaminants from the optical blocking filter is now
examined,3) too.
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