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NOTE to editors: These documents are updated as needed, e.g. when the relevant CALDB files, or
the relevant calibration data analysis, is revised.

This document must include the CalDB file name, an explanation of how the data were collected

and the analysis conducted and, if using standard Ftools, the software version number. All
revisions are consolidated into the same document to maintain a full record of all changes.
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1 Introduction
1.1 Purpose

This document describes how the contamination CalDB file for XRISM/Xtend is prepared. The
CalDB file structure is the same as the corresponding file for Hitomi/SXI; hence this document
shares some descriptions from the Hitomi/SXI CalDB document for the contamination.

1.2 Scientific Impact

The contamination CalDB file contains information about any build-up of
molecular contamination in the optical path for the Xtend instrument. Such contamination may
reduce the soft X-ray response of the instrument (below ~ 1 keV) and introduce absorption edges
that depend on the chemical composition. The contamination can be spatially variable, so the
effect must be evaluated across multiple subregions of Xtend. At the start of the mission, the
contamination is assumed to be zero. This assumption was verified through in-orbit calibration,
and the level of contamination and possible spatial variation have been continuously monitored.

2 Release CalDB 20230515 (Build 6)

CalDB Filename Validity date File(s) as Delivery date Comment
delivered
xa_xtd contami 20190101v001.fits | UT 2014:01:01: N/A N/A File is a copy
00:00:00 of the
corresponding
Hitomi/SXI
file

The CalDB file released in this CalDB is simply a copy of the corresponding Hitomi/SXI CalDB
file because the file format is the same and the Hitomi/SXI file was never modified for non-zero
contamination. A new XRISM/Xtend CalDB file will only be released if/when any of the
contamination column densities become non-zero.

2.1 Data Description

Extension Content

PRIMARY Blank

COLUMN DENSITY Column density and covering fraction of 3
contamination components vs. time and
subregion

COLUMN TRANS Transmission of 3 components vs. energy

SUBREGION CCD_ID, segment and ACT and DET
coordinates of the four corners of each subregion
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The CalDB file contains three binary table extensions, summarized in the table above.

The first extension contains the column density and covering fraction as a function of time for
three different chemical components (H, C, and O). To represent possible spatial variation, they
are tabulated for 4096 subregions (see the description of the third extension). Since contamination
is assumed to be zero at the beginning of the mission, a single timestamp is used for this version.
The column density is zero and the covering fraction is unity, for all chemical components and
subregions.

The second extension contains the transmission curves as a function of energy (for the column
density of 1x10'® cm™2) of each component. In the current version, these components are assumed
to be hydrogen, carbon (with a C K-absorption edge at 0.28 keV), and oxygen (with an O K-
absorption edge at 0.53 keV). The transmission curves were generated using the XSPEC varabs
model, assuming the Verner et al. (1996) photoelectric absorption cross-sections, and are shown
in Figure 1.
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Figure 1. Transmission curves in the Xtend contamination CalDB file. They are tabulated for a column density of 1x10'S cm™ of
hydrogen (black), carbon (red), and oxygen (green,).

The third extension defines 4096 subregion locations; it provides the CCD_ID, SEGMENT, and
the four corners of each subregion in ACT and DET coordinates. Each subregion is a 20x20-pixel
square; hence, there is a total of 4096 subregions over the Xtend CCD.
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2.2 Data Analysis

We evaluated the contamination level of XRISM/Xtend in orbit in three aspects: (1) the amount
of contamination close to the optical axis, (2) possible spatial variation of the contamination level,
and (3) possible change of the contamination level. Since the contamination level is small, we only
took account of C in the analysis. For (1), we used calibration target data with a soft, stable
spectrum, for which the spectral source model has been established. By comparing the obtained
spectrum with the canonical models, we can evaluate the column density of C. Specifically, we
analyzed data of 1E102.2-7219, N132D, and RX J1856.3-3754. For (2), we used the day-Earth
data collected since the launch of XRISM. By comparing the line intensities of N (Kalpha) and O
(Kalpha), we can evaluate the column density of C over the entire CCD chip. For (3), we used
Cygnus loop observations. The source has been continuously observed for calibration purposes
each year, and we can evaluate the possible accumulation of contamination material by measuring
the (possible) decrease of the low-energy flux. For details, see the master's thesis by M. Higuchi
(Tokyo University of Science) [1].

2.3 Results

The results of the in-orbit calibration of contamination are shown in Figure 2 (absolute amount of
contamination) and Figure 3 (spatial variation). The level of contamination is much less than
1x10'® cm? and consistent with 0 (assumed value) within the systematic uncertainty. In addition,
the time variation has been monitored using Cygnus Loop data and has shown no significant
accumulation of contamination as of 2025 October.
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Figure 2. Estimated column density of C close to the optical axis for XRISM/Xtend as a function of time since the launch, compared
to the level for Suzaku/XIS. The best estimate of the column density is <0.4 x 108 cm™ and is consistent with 0 within the systematic
uncertainty of the IACHEC model we referred to.
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Figure 3. (top) Regions used for the spatial variation analysis. To address low statistics in areas distant from the optical axis,
we binned the entire CCD in 8 X 8 = 64 subregions instead of 4096 subregions. Four subregions (numbers 29-31) located at
the optical axis were already analyzed with the calibration target and are grouped (as number 29) in this study. (bottom)
Spatial variation of the column density of carbon evaluated using the day-Earth data. The estimated column density is <
0.6x10" ecm? and shows segment dependence; this is likely not due to true contamination but due to systematic uncertainty
introduced by tuning the event thresholds. Region number 29, representing four subregions at the optical axis, is highlighted
in red.

2.4 Final Remarks

This is the first release of this XRISM/Xtend contamination CalDB file and the level of
contamination is consistent with 0 across the entire chip. Xtend IT will continue the monitoring of
contamination and will update the CalDB if the significant change of contamination is identified.

3 References
[1] M. Higuchi’s master thesis (in Japanese), 2025 March, Tokyo Univ. of Science



