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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 quantum efficiency (QE) for Xtend onboard the XRISM satellite
is modeled to produce the Xtend QE CalDB file that is used by data analysis software, and how
the parameters of the model are derived. This document also describes the model (and its
derivation) for the Xtend Contamination Block Filter (CBF), which is also placed in the Xtend QE
CalDB file.

1.2 Scientific Impact

The functions of energy embodied in the QE and CBF are needed to calculate the net effective
area of Xtend, so the QE file is used by the XRISM ARF generator xaar fgen, and by the XRISM
tool xaexpmap to generate flat-field images.

2 Release CalDB 20181205, 20190915, 20200426

Summary table of the first Xtend QE CalDB files and deliveries.

CalDB Filename Validity File(s) as delivered Delivery | Comment
date date
xa_xtd quanteff 20140101vhO0O0L1.fits | 20140101 Hitomi CalDB20160218 N/A
00:00 UT
N/A 20140101 | xa xtd quanteff 20200831v001 | 20200831 | Identical
00:00 UT to Hitomi
file, not
used.

2.1 Data Description

The parameters and functions in the QE CalDB file in release 20181205 are exactly same as that
in CalDB 20160218 for Hitomi/SXI. Relevant keywords have been modified for XRISM. The file
delivered by the Xtend IT later, on 2020-08-31, is not used directly in any released CalDB file
since it is numerically identical to the CalDB 20181205 file
(xa_xtd gquanteff 20140101vh001.fits), which was used through the Build 3 CalDB release
(CalDB 20200426). The detailed description of the parameters and functions in the CalDB
20181205 to CalDB 20200426 versions of the QE file is given below.

The QE in the soft energy range is determined from the thickness of the dead layer (SiO, and Al)
on the surface of CCD chips to block the optical light. The thickness of the depletion layer made
by Si determines the QE in the hard energy range.
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The QE of Hitomi/SXI was measured from a ground experiment performed at the synchrotron
facility in Japan (KEK photon factory) in May 2012, and May and December 2015. We measured
the QE below 3 keV. The QE in the hard band was calculated based on the designed thickness,
200 pum, of the depletion layer.

In this experiment, we used the CCD chip named mini-CCD which had an equivalent performance
with the FM CCDs. We also used the different electronics from Hitomi/SXI FM electronics to
derive the CCD system with same clocking speed and voltages and had an equivalent readout
noise.

2.2 Data Analysis

We applied the slant incident method [1] in order to measure the QE of mini-CCD, changing the
angle of incidence of X-rays to sample different path lengths of each layer. We measured X-ray
flux of a given monochromatic X-ray beam for each incident angle of 0 deg and 50 deg, and then
obtained the X-ray flux ratio between the two incident angles. Figure 1 shows the X-ray flux ratio
as a function of the X-ray energy. From this data, we derived the thickness of the dead layer of Al,
ALO3 and Si on the surface of CCD chips.
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Figure 1. The flux ratio as a function X-ray energy. The upper panel shows the model curve based
on the measurement of the KEK photon factory. The bottom panel shows the residuals between
the data and the model.

2.3 Results

We calculated the QE derived from the values as shown in figure 2.
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Figure 2. The QE of SXI in the Hitomi CalDB file and in the 20181205 XRISM

release.

2.4 Final Remarks

This is the CalDB file based on Hitomi/SXI ground measurements. The CalDB file based on
XRISM Xtend SXI ground measurements has been delivered later.

3 Release CalDB 20210927

CalDB Filename Validity File(s) as delivered Delivery | Comment
date date
xa_xtd quanteff 20190101v001.fits | 20190101 | xa xtd quanteff 20210326 CBF4.fits | 20210331
00:00 UT

The first pre-flight Xtend QE CalDB parameters derived from modeling the Xtend SXI was
delivered from the IT to the SOT in March 2021.

3.1 Data Description

The QE as a function of energy was calculated based on the designed thickness of an FM CCD
chip, 200 nm of Al (optical blocking layer), 20 nm of SiO» (dead layer), and 200 um of Si (X-ray
sensitive depletion layer).

The transmissivity of the contamination blocking filter (CBF) was measured from a ground
experiment performed at the synchrotron facility in Japan (KEK photon factory) in December 2020.
The FM CBF sample (CBF4) was irradiated with X-rays from 0.15 to 3 keV. To calculate the
parameter values for the CalDB, the aperture ratio of the CBF mesh (89.6%) was also considered.
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Figure 3. Modeling of the transmissivity of the CBF for the continuous component.
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Figure 4. Modeling of the transmissivity of the CBF around the carbon edge. The factor

of 0.896 is the aperture ratio of the CBF mesh.

The CBF is made of Al, Al2O3, and polyimide, so the continuous component of the transmissivity
was modeled by the absorption of these materials. The thicknesses of the materials were obtained
from the experimental data (Figure 3). The X-ray absorption near-edge structure (XANES) and
extended X-ray absorption fine structure (EXAFS) were also considered for the edges of C, N, O,
and Al. These structures were modeled phenomenologically based on the experimental data
(Figure 4). The final result of the modeling of the transmissivity including the continuous
component and the edge structures is Shown in figure 5. The residuals between the model and the

data are also shown there.
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3.3 Results

For the CBF transmissivity, the model in the CalDB and the experimental data are consistent with
an accuracy of ~1% for the continuous component and ~3% near the edges (see Figure 5). The
transmissivity of the CBF and the QE of the CCD chip in this CalDB file are shown in Figure 6
and Figure 7.
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Figure 5. Modeling of the transmissivity including the continuous component and the edges.
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Figure 6. Released transmissivity of the CBF Figure 7. Released QE of the CCD

3.4 Final Remarks

The QE function will be updated later based on the ground measurement.
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4 Release CalDB 20221201

CalDB Filename Validity File(s) as delivered Delivery | Comment
date date
xa_xtd quanteff 20190101v002.fits | 20190101 | xtend caldb quanteff 20220730.fits | 20220730
00:00 UT

The first pre-flight Xtend QE CalDB parameters derived from measurements of the Xtend SXI
was delivered from the IT to the SOT in July 2022.

4.1 Data Description

To determine the QE of the CCD, the thicknesses of the Al and SiO» layers on the CCD were
measured from a ground experiment conducted at the KEK photon factory in Japan in May 2022.
A mini-CCD chip, which was made from the same wafer and the same lot as the FM CCD chip
mounted on the aim point, was used. X-rays from 0.4 to 1.8 keV were irradiated at 0- and 50-
degree incidence angles to use the slant incidence method [1]. The data were mainly acquired in
the flux mode in which photons were not counted individually.

4.2 Data Analysis

The ratio of the detected intensities (relative QE) at 0- and 50-degree angles of incidence as a
function of X-ray energy was determined and modeled as a function of Al and SiO; thicknesses.
The data and best-fit model are shown in Figure 8. Assuming design values of 20 nm and 200 um
for the thicknesses of the SiO; layer and Si depletion layer, the Al layer thickness was determined
as 230 + 8 nm by the fitting.

4.3 Results

Based on the measurement, the QE as a function of energy was calculated assuming 230 nm of Al,
20 nm of SiO2, and 200 um of Si depletion layer. Note that the XAFS structures at the edges of Al
and O were not taken into account in the QE calculations, but the systematic error in the QE due
to this was confirmed to be less than ~1 %. The QE of the CCD chip in this CalDB is shown in
Figure 9. The transmissivity of the CBF is the same as that in the previous release (Figure 6).
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Figure 8. Modeling of the relative QE of the CCD. The black and blue points show the data of
the flux and photon-counting modes respectively. The results of these modes are consistent.
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Figure 9. Released QE of the CCD
4.4 Final Remarks

This CalDB file is the final released version before the launch.
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