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1 Introduction
The soft x-ray spectrometer (SXS)1 was the x-ray microcalorim-
eter spectrometer onboard the Hitomi (ASTRO-H) mission.2

This satellite was launched on 17 February, 2016, but unfortu-
nately, during the initial commissioning observations,3 the mis-
sion suffered a premature end on 26 March, 2016.

The SXS detector array4 is a 6 × 6 array of square pixels
arranged with a 0.832-mm pitch, kept at a temperature of
50 mK, mounted inside a Dewar. The detector array has a mini-
mum energy range of 0.3 to 12 keV and demonstrated an in-
flight energy resolution of 4.9 eV.5 In the beam, inside the
Dewar, a fixed stack of thin filters is mounted,6 with each filter
at a different temperature corresponding to the different Dewar
shells. The purpose is to suppress incident optical and infrared
radiation on the microcalorimeter pixels, minimizing back-
ground levels.

Although the detector operating temperature is maintained
by means of active control of the adiabatic demagnetization
refrigerator (ADR) coolers,7 the gains or energy response of
the pixels is expected to change, both with respect to the cali-
bration and with respect to each other. The two main sources of
drift are changes in the conductive thermal loading of the control
thermometer and changes in the radiative loading of the calo-
rimeter pixels as a result of changes in the warmer temperature
stages of the Dewar. After the Dewar temperatures reached
a steady state in orbit, these temperatures continued to be per-
turbed by the heat of magnetization dumped from recycling
the ADR. Increased loading of the thermometer as a result of
warming in the Dewar resulted in control of the ADR at
a lower temperature and an associated increase in gain.

Increased thermal radiation on the pixels as a result of warming
in the Dewar resulted in a reduction in gain that depended on the
location of the pixel. These effects tended to cancel but not
nearly well enough, thus gain monitoring was imperative. The
prime monitoring aid was a small radioactive 55Fe source that
illuminated one separate detector pixel, mounted in a corner,
outside of the actual detector array. Monitoring the stability of
the main 55Mn 5.889-keV radioactive decay x-ray line emission
allows primary calibration of the detector array. However,
differences over the detector array cannot be traced in this way.
This required a separate calibration source.

At a distance of about 90 cm from the detector plane, well
outside the Dewar, a filter wheel (Fig. 1) is mounted on the
spacecraft structure. This wheel contains six positions (Fig. 2),
and it is able to rotate a suitable filter into the beam, in order to
optimize the quality of the data depending on the characteristics
of the astrophysical source. It was chosen to have two open
positions on opposite locations in the filter wheel, two x-ray
filters: namely, a beryllium filter and a neutral density filter,
and a filter (polyimide) largely transparent to x-rays but able
to block possible contamination from the telescope. Finally,
there is a filter-mount consisting of a ring of additional radio-
active 55Fe calibration sources that are able to homogeneously
illuminate the detector.

On the filter-wheel mechanical structure, below the filter
wheel in the direction toward the SXS Dewar, a set of electri-
cally powered calibration sources is mounted. Each of these
sources is able to illuminate the whole detector array, to enable
absolute and relative gain calibration of all pixels in the array.
The preflight development of the filters and calibration sources
has been described previously in Refs. 8 and 9.

During the short in-flight operational lifetime of the satellite,
a closed-gate valve in the beam kept the vacuum in the Dewar*Address all correspondence to: Cor P. de Vries, E-mail: c.p.de.vries@sron.nl
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free from the initial out-gassing of the satellite. This gate valve
contained ∼262-μm-thick beryllium window with a support
structure.10 This window blocked low-energy x-rays.

The scope of this paper is to provide a reference on the
Hitomi SXS filter wheel, which is useful for understanding
the gain calibrations performed on the actual observations done
with the satellite. In addition, a description of the hardware,
calibrations, and tests, as well as the arguments for the specific
choices that were made, can be very useful for future missions
that are considering to fly comparable hardware.

2 Active MXS Calibration Sources
Below the actual filter wheel, on the calibration ring (see Fig. 1),
a set of four modulated x-ray sources (MXS) is mounted. Two
sources illuminate the SXS detector directly and two sources
illuminate the SXS via a fluorescent target to generate lines of
low x-ray energy (see Fig. 5).

2.1 MXS Design

An early concept of generating x-rays by means of electrons
generated by the photoelectric effect was proposed by

Fig. 1 Photograph of the complete filter wheel assembly from the top.
The top ring is directed toward the SXS Dewar. Figure 3 shows
the different parts. Total mass is about 4.5 kg. (Clarification of the dif-
ferent parts is given in Fig. 3).

Fig. 2 Photograph of the bottom of the filter wheel assembly showing
the actual filters rotating disk. The hole of the telescope beam is on the
upper right, where an orange (temporary) protection cap is visible.
Individual filter holders have a diameter of about 10 cm; the total
wheel has a maximum diameter of 32 cm. (Filter identifications are
given in Fig. 4).

Fig. 3 Clarification of the different parts of the filter wheel. The HV
power supplies for the MXSs are located on the right. The cylinder
on the left, the “calibration ring” (calib-ring), is the beam opening con-
taining the MXSs (MXS). Diameter of the assembly is around 38 cm.

Fig. 4 Positions of the different filters in the filter wheel. Compare with
Fig. 2. “Open” are the two open positions. “Be” is the position of the
beryllium filter. “ND” is the neutral density filter and “Poly” is the poly-
imide anticontamination filter. “Fe-55” marks the position of the 55Fe
radioactive sources, which, however, on the photograph is not yet
mounted.

Fig. 5 Schematics of the MXS layout in the telescope beam (not to
scale).
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Gendreau11 (More information can be found from a later docu-
ment at Ref. 12). Our design of the MXSs is based on a modified
image intensifier unit (made by Photonis). It is a short vacuum
tube with a photocathode on one end and a beryllium vacuum
window on the other end. Light from two light-emitting diodes
(LEDs) illuminates the photocathode, producing electrons,
which in turn are accelerated by a 11.3-kV high voltage (HV)
toward a target material sitting on top of a 300-μm beryllium
window. Generated x-rays exit the source through the target
and the beryllium window (see Fig. 6).

X-rays will only be produced when the LED is emitting light.
This allows for short duration x-ray pulses. In this way, continu-
ous monitoring of the performance of each detector during
astronomical observations is possible by selecting only those
short-time periods in which the LED is on, leaving, in the
remaining time, the observed astrophysical spectrum uncon-
taminated by the broadband spectrum emitted by the MXS.

Although the photocathode material (S20) has maximum
quantum efficiency (QE) at wavelengths below 280 nm, maxi-
mum yield in terms of number of electrons, which is propor-
tional to the number of generated x-ray photons, is at 420-nm
wavelength (see Fig. 7). For a typical value of 5 mW of optical
energy, this means an output of 2 × 1015 electrons∕s. In the final

flight version of the MXS, blue LEDs were used with maximum
output power at 460 nm.

The target consists of a layer of 25 nm of chromium on top of
150 nm of copper deposited on the beryllium window. These
two types of material will generate two sets of x-ray lines:
the Cu Kα and Kβ lines at 8.05 and 8.90 keV, respectively,
and the Cr Kα and Kβ lines at 5.41 and 5.95 keV, respectively.
The electrons will hit the chromium first. Although this order of
layers will have lower efficiency generating the Cu lines, it does
offer the possibility of generating the Cr lines only, when the
HV is operated at a lower voltage than the nominal voltage of
11.3 kV. Figure 8 shows a measured spectrum [measured with
a low-resolution silicon drift detector (SDD)], showing the
chromium and copper lines plus the Bremsstrahlung continuum.
For comparison, Fig. 9 shows the high-resolution spectrum
measured with the SXS during the thermal vacuum test of
the satellite. Due to the thick beryllium window on the Dewar
gate valve, the chromium lines measured during the thermal
vacuum tests are suppressed compared to what we expect for
normal operations on-orbit (after the gate valve was opened).

Fig. 6 Schematic principle of an MXS.
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Fig. 7 S20 photocathode efficiency (provided by the Photonis
Company). Black line shows the photocurrent (mA) related to optical
power (W) as function of wavelength. The red lines show an overlay of
coordinates of constant QE which represent the ratio in which elec-
trons are generated as function of the number of incoming optical
photons. MaximumQE (around 26%) is around 270 nm, but maximum
cathode efficiency is at 440 nm, where QE is only 20%. This is due
to the larger number of photons at longer wavelength for the same
optical power.

Fig. 8 Spectrum of the MXS obtained with low-resolution SDD. On
top of the Bremsstrahlung continuum, the lines of Cr and Cu can
be seen. This spectrum was measured in air, which decreases the
low-energy Cr lines somewhat.

Fig. 9 Similar to Fig. 8, but now measured with the high-resolution
SXS during a satellite TV test. Apart from the Cu and Cr lines, fluo-
rescent lines of a few other elements (Ni 7.478 keV, Fe 6.403 keV)
present on the MXS housing can be seen. In addition, a weak 55Mn
5.895-keV line from the radioactive source on the filter wheel is visible.
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In addition, the blocking geometry of the gate valve window
support structure enhances the additional Fe and Ni fluorescent
lines from the MXS housing.

Two types of MXS sources exist. Each type is present as a
redundant pair, which gives a total of four sources. One type is
the so-called direct source type, which illuminates the SXS with
the x-ray spectrum generated by the Cr/Cu anode as shown in
Fig. 6. These sources are mounted with a 45-deg angle (see
Fig. 5) with respect to the telescope optical axis, in order to
move the MXS exit window as close to the telescope beam
as possible. The other type is an indirect source, which has
low-energy fluorescent targets mounted in front of the MXS
exit window. These fluorescent targets allow the low-energy
lines of aluminum (1.49 keV) and magnesium (1.25 keV) to
be incident on the SXS. The MXS vacuum windows absorb
these low-energy photons, hence they must be generated
(in vacuum) outside of the MXS. Due to the low fluorescent
yield, the “indirect” source strength will be much lower than
the “direct” sources. For the same settings (LED current and

duty cycle), the fluorescent sources are estimated to be about
a factor in between 100× to 1000× weaker than the direct
sources. For this reason, these fluorescent sources will not be
pulsed, such as the direct sources, but operated (occasionally)
in a continuous mode. This multitude of available calibration
lines from the low (fluorescent) to the higher (direct source)
energies allows calibration of nonlinearities in the SXS pixel
response. Information on the detailed shapes of the lines present
in the MXS spectrum can be found elsewhere.13

Figure 10 provides an idea of the actual size of an MXS
source. Figures 11 and 12 show a crosscut of the actual direct
and fluorescent sources design.

2.2 MXS Performance

In order to monitor the (slowly) varying SXS pixel gains during
observations, it was estimated that a flux of 0.3 counts∕s∕SXS
pixel from the MXS calibration lines would be required. This
flux translates into 5 × 106 photons∕s at the MXS source,
given a source–detector distance of about 85 cm and pixel
size of 0.82 mm. The 0.3 counts∕s estimate was based on
a required energy scale stability of around 0.5 eV and the
assumption that typical time scales of SXS gain variation
would be in the order of 10 min. Terms in the detector noise
budget were based on tracking gain changes in 10-min integra-
tions, using the required limits on the temperature coefficients of
the electronics. Also, given the orbital period of 90 min, the
relevant tracking time scale was around 10 min. Based on
ground operations, temperature changes within the Dewar were
expected to be much slower than the 10-min time scale and,
thus, could be well tracked in 10-min integrations.

The sources are expected to show degradation over time, due
to damage of the photocathode by ions generated by the electron
impact on the target, and accelerated from the x-ray target back
to the photocathode. Hence, source degradation with time is
a function of the generated x-ray flux.

The direct sources are intended to be operated in a pulsed
mode. The source intensity can be varied by changing the LED
current. In addition, the time-averaged flux depends on the duty
cycle of the LED pulses.

Several lifetime tests were performed to demonstrate that
the MXS flux requirements could be met during the design life
of the satellite mission with nominal operations of the MXS

Fig. 10 A bare MXS source, without source holder and LEDs, show-
ing the size, next to a 1€ coin, for comparison. The top of the source
shows the beryllium exit window.

Fig. 11 Drawing of a crosscut through the MXS source mounted in its
holder (diameter 5.1 cm, length 3.1 cm), showing the LEDs on the
right, illuminating the photocathode. The beryllium window, which
contains the x-ray target, is to the left.

Fig. 12 Drawing of a crosscut through the fluorescent MXS source,
with the Al-Mg fluorescent target mounted in front of the MXS.
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sources. In a first test,9 a source was initially set to operate at
100× the required flight values. This was accomplished by run-
ning the source at a 100% duty cycle (continuous operations).
LED current was kept constant and the flux was allowed to
decrease during the tested time period. With this setup, the
source is expected to degrade a factor of 100 faster than during
the nominal flight operations, which use 1% duty cycle. This
was confirmed when comparing the observed degradation at
the 100% duty factor with a long measurement at nominal
(1% duty cycle) operations. The degradation at 1% was 100
times slower than at 100% duty cycle.

It was found that the flux half-life of a direct source during
such operations will be 2.9 years. Renormalizing the flux at
the end of the test to the initial flux levels by increasing LED
current, it was found that given the observed half-life of the
source, the required LED current at the nominal end of mission
(5 years) would be well below the maximum allowed LED
current of 40 mA.

A second lifetime test was conducted, controlling the MXS
to operate at a constant flux level. The source was operated at
50% duty cycle at a time-averaged flux, which was 50× the
nominal flux required in flight. The MXS flux during the
LED pulse was identical to the intended flux in flight during
pulses, but pulse duration during the test was 50× longer. This
meant 1 week of the test was equivalent to about 1 year in orbit.
The test was executed for a total of 1300 h, equivalent to about
7.4 years in orbit. Figure 13 shows the count rate during the test,
together with the LED temperature. LED performance depends
on temperature. The spiky character of the count rate curve is
due to the periodic (automatic) updates of the LED current, to
keep the count rate at an approximate constant level. (Each spike
corresponds to steps of integer numbers in the DAC controlling
the LED current. For this reason, the spikes decrease with time
since the relative size of the integer steps decrease with increas-
ing number, which corresponds to current). The count rate as
shown in Fig. 13 is the one measured by the SDD detector in
the test setup and corresponds to a source intensity providing
50× the 0.3 counts∕s∕pixel in the SXS. Figure 14 shows the

LED current during the test. The LED current increases due
to the degradation of the source. At the very end of the test
(equivalent of 7.4 years of the mission), the LED current is
around 2.0 mA, well below the maximum allowed LED current
of 40 mA. This test shows that the MXS can easily accommo-
date the nominal required flux during the 5 years of design mis-
sion lifetime. Figure 14 also shows the temperature dependence
of the LED performance. A drop in ambient temperature corre-
sponds to a discontinuity in the LED current increase.

In addition, the relation between source degradation and peak
flux during LED pulses was investigated. The time-averaged
flux is the result of the pulse duty cycle and the flux within
the pulse. A lower duty cycle can give the same time-averaged
flux when the LED current is higher. Figure 15 shows the
increase in LED current when the flux is kept constant, but
the duty cycle is changed. For the low duty cycle (high LED
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Fig. 15 Linear fits to the LED current increase due to aging of the
MXS around the time when the LED current in the pulse is dropped
by a factor of two (around the time stamp of 1650 h in the test) and
duty cycle is doubled. The average x-ray flux remains the same in this
way. It shows that at half the LED current (and double duty cycle),
aging goes less than twice slower for the same x-ray flux.
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pulse current), the increase is 261� 30 nA∕h, whereas for the
high duty cycle (low LED pulse current), the increase is
97� 4 nA∕h. It appears that the increase in the current (and
thus the degradation of the source) is lower when the flux at
the pulse (proportional to the LED pulse current) is lower.
Hence, the source will degrade faster when the flux during
the pulse is set to higher levels, even if the time-averaged
flux remains constant.

Finally, the MXS response over time was investigated. This
was done using nonflight electronics in a special setup.
Figure 16 shows the MXS flux as function of time within
the MXS pulse cycle. A 1-ms LED pulse was executed within
a 40-ms cycle time. As can be seen, the original flux in the pulse
of 5.2 × 104 events∕bin drops within one-time resolution bin
(0.2 ms) to about 400 events∕bin (0.7% of the initial flux)
and then exponentially decreases to the background level
with an e-folding time of 1.7 ms. Although the photocathode
material (S20) is supposed to react very fast, at μs time scales,
to changing light levels (the same material is also used in
photomultiplier tubes), it may be that positive ions released
by the impact of electrons on the anode continue to (re)activate
the cathode or that the abundant x-ray photons interact with the
cathode, slowing down the expected fast response.

The above measured x-ray response is the response of the
MXS itself. Unfortunately, the flight electronics generating
the LED pulse for the filter wheel had an e-folding time of
about 5 ms. Thus, the MXS pulse on the filter wheel had
a slower decay than an isolated MXS by itself (see Fig. 17).

2.3 MXS High-Voltage Control

Each (main/redundant) MXS pair of direct and fluorescent
sources is powered by an HV unit. These units can be set to
produce 500, 4000, 7000, or 11300 V. Primarily, these settings
were designed to allow the voltage to be slowly ramped up to the
default operating voltage of 11.3 kV. The lower 500-V setting
was devised to be used during the satellite’s South Atlantic
Anomaly passages. The 7-kV setting was defined to allow
the 5.41- and 5.95-keV Cr lines to become active only, without
going to the highest voltage setting. Finally, the maximum
voltage was, in part, limited by the operating boundaries spec-
ifications of the HV cables.

2.4 MXS-Intended Operations

The MXS calibration sources were planned to be switched on
during the very contact pass when communications to the
Hitomi satellite could not be established due to its problems.
All operations stopped at that time. (The MXSs had only started
on the 500-V HV setting when operations stopped.) Thus, no
data on the actual flight performance were obtained.

For the MXS-intended operations, in order to minimize dead
time, the duty cycle would be set to the lowest practical level,
limited by the instantaneous flux that the MXS can safely pro-
duce during a pulse. The initial plan for normal flight operations
was to start operating the direct sources at 1% duty cycle during
most of the observing time, at a flux of 0.3 counts∕s∕pixel,
depending on the SXS gain stability and background levels.
In order to prevent energy-resolution degradation due to cross-
talk in adjacent detector read-out channels, pulse width ideally
should be set short enough that the expectation value for photon
detection on three pixels in the same pulse is much less than one.
Thus, in principle, optimization tends to be short periods but is
limited by the time constant of the MXS response.

The fluorescent sources would be switched on occasionally,
possibly once a day, to measure the nonlinear effects in the SXS
response. Of course, an early learning period was foreseen in
which the actual MXS operations would be tuned in order to
allow for optimal dynamic calibration of the SXS.

3 Radioactive 55Fe Calibration Sources
Figure 18 shows a picture of the 55Fe sources ring, mounted in
the filter wheel disk. The ring diameter is slightly larger than the
beam at the position of the filter wheel. The cross structure coin-
cides with the quadrant boundaries in the mirror when the mount
is in proper position, centralized in the beam. At the four inter-
sections of the cross with the ring and in the cross central posi-
tion a total of five, 55Fe sources are present. These sources allow
a reasonably homogeneous illumination of all the SXS pixels
when the calibration mount is rotated onto its nominal position
in the beam.

Each 55Fe source was designed to have a source strength of
6 MBq at the Hitomi launch time. During the radioactive
decay (half-life 2.737 years) to 55Mn, the source emits x-ray
lines (55Mn, Kα, and Kβ) at 5.895 and 6.490 keV.

Fig. 16 MXS pulse shape (logarithmic scale) for a 1-ms pulse within a
40-ms pulse cycle, using nonflight electronics. The “pulse tail” starts at
0.7% of the original pulse flux, exponentially decaying to a back-
ground level (not associated with the MXS). The red line is the fitted
exponential curve with 1.7-ms e-folding time.

Fig. 17 MXS pulse shape (logarithmic scale) for a 5-ms pulse, from
the Hitomi thermal-vacuum tests, using the flight electronics. As can
be seen, the decay of the pulse tail is much slower and the tail starts at
higher levels, compared to the MXS using nonflight electronics
(Fig. 16).
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This 55Fe calibration source was used early in flight to cal-
ibrate the relative gains of the SXS. Since the Dewar gate valve
was still closed, the 55Fe calibration mount was not put at its
nominal position in the beam, but at a 10-deg angle, to allow
the beams of the 55Fe individual sources to bypass the gate
valve window support structure. Otherwise, the window support
structure would block most of the central part of the detector.
Because of this 10-deg angle and some remaining shadows
of the gate valve window structure, illumination of the SXS
pixel array was not homogeneous. This was verified during
the satellites thermal vacuum tests and in-flight operations.
Figure 19 shows a ray trace plot of the SXS illumination by
the rotated 55Fe calibration mount.

4 X-Ray Filters
Two x-ray filters are present in the filter wheel. On a third posi-
tion, initially, an optical filter was envisaged to block light from
optically bright sources.8 During the early phases of mission
design, a set of thin Dewar filters was proposed, which would
not block optical radiation for optically bright sources suffi-
ciently. In the end, however, thicker Dewar filters were selected,
superseding the need for a separate external optical filter.
A polyimide-only filter (with stainless steel support) was kept
in this place as a possible safeguard against contamination, to be
used in case out-gassing of the top part of the satellite during
early phases of the mission would exceed tolerable quantities.

The remaining x-ray filters consisted of a beryllium filter to
block low-energy x-rays and a neutral density filter to decrease
x-ray flux from bright objects (e.g., targets of opportunity).
More details on the filter calibration can be found elsewhere.10,14

4.1 Beryllium Filter

A spectral region of great interest for the SXS spectrometer is
around the Fe-K lines (6.4 keV and above). High count rates
decrease the resolution of the instrument. At high count rates,
a larger fraction of detected x-ray photons (events) end up as
low-resolution grade events (see Fig. 20). Hence for bright
sources, the energy resolution in the Fe-K region can be
degraded by excess flux at low energies. To mitigate this effect,

the beryllium x-ray filter has been designed. Simulations were
performed to estimate the effect of a beryllium filter on bright
sources. It was found8 that a typical black hole candidate tran-
sient (BHCT) type source represents the best case, in which
a beryllium filter can improve the quality of the observations.
Figure 21 shows the expected SXS effective areas when employ-
ing different Be filter thicknesses. Figure 22 shows the effect of
the same filters on the number of observed high- and medium-
resolution events for a BHCT model source. The number of
good resolution events around the Fe-K band increase for all
beryllium filter thicknesses. Although the most positive effect

Fig. 18 Picture of the 55Fe sources ring within the filter wheel disk,
with the mounted radioactive sources. The sources are located on
the end of the “cross” structure and in the center of the cross.
Ring inner diameter is about 9 cm.
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Fig. 19 Ray trace of the 55Fe photons on the detector plane. The
actual detector pixels are indicated. Due to the 10-deg rotation of
the source mount, shadow patterns from the gate valve window
structure can be seen.
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the different event grades15 as function of flux. High grade events
have the highest energy resolution.
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is gained when employing the thickest filter, a filter with a beryl-
lium thickness of 25 μm was selected for flight in order to pre-
serve all types of science in case of a filter-wheel malfunction.

Two flight-model (FM) beryllium filters were calibrated at
the Berlin Synchrotron (BESSY II) in terms of transmission.
Unfortunately, due to a workmanship error, these filters were
not able to withstand the launch vibration levels. Instead, a
qualification model (QM) beryllium filter, for which it was
proven that it could withstand the vibration levels, was mounted
in the FM filter wheel. Since the batch of the beryllium used for
the FM and QM models was identical, the calibration data for
the beryllium spectral transmission were valid. The absolute
thickness of the filter would then have been calibrated in flight.
It was found that the only relevant contaminant in the beryllium
foil was a small amount of iron (Fe). Figure 23 shows the tiny
drop in filter transmission around the Fe-K edge.

4.2 Neutral Density Filter

The second x-ray filter is the neutral density filter. This consists
of a molybdenum sheet with holes (see Fig. 24). The sheet has a
thickness of 0.25 mm, and the hole diameter is 1.1 mm. The total
opening of all holes defines the transmission of the filter, which
was computed at 24.5%. Molybdenum was selected as filter
material because the major fluorescent lines of this material
are outside of the SXS energy band. The cosmic particle
background radiation could otherwise generate additional
background lines when the neutral density filter would be in the
beam. This filter was intended to be used for very bright sources,
to limit the flux equally across the energy band, in order to pre-
vent the energy resolution to degrade due to high flux.

5 Future Prospects and Conclusions
The SXS filter wheel was a versatile instrument, enabling both
filtering of the input x-rays through a set of filters to prevent
loss of energy resolution due to high flux, as well as providing
overall gain calibration for all SXS pixels through a set of

Fig. 21 SXS effective area for a (potential) set of different beryllium
x-ray filters. In addition, the effect of 25% and 10% neutral density
filters is shown.

Fig. 22 Expected high- plus med-res (H+M) event counts for the
beryllium filters applied to a model BHCT spectrum. The solid black
line (labeled “source”) are the expected number of events when all
incident photons would be recorded as H+M events. Dashed line
(“open”) is the actual number of recorded (H+M) events when no
filter is applied. Colored lines are the number of H+M events for
the different beryllium filters.
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Fig. 23 Calibration of the transmission of a 25-μm beryllium filter
around the Fe-K edge. A small drop of about 0.25% is observed.
Measurement uncertainty is around a 0.0003 level in transmission.

Fig. 24 Picture of the neutral density filter, mounted in the filter wheel
disk. It consists of a molybdenum sheet with holes.
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calibration sources. Due to the limited operational life of the
satellite, most of the filter-wheel functions were not used.
However, the 55Fe calibration sources were crucial for obtaining
key data on the SXS pixel gain behavior, used for the scientific
analysis of the Perseus cluster observations.5 The active MXS
calibration sources are a new type of x-ray sources to be
used in space. Although not (yet) activated during the actual
Hitomi mission, experience gained with these sources while
developing and using them during Hitomi ground tests proved
them to be very reliable. The advantage of such sources is that
they can be tuned both in the time domain (up to short duration
pulses of 1 ms and less) as well as their flux levels. Similar
sources are now being considered for future missions, such as
a Hitomi successor mission (currently referred to as XARM) and
the XIFU instrument on the Athena spacecraft.16
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