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Science goals

XRISM is the “X-Ray Imaging and Spectroscopy Mission”: 
High-spectral-resolution imaging spectrometer across a broad X-ray band

1. Formation and evolution of structure in the Universe
- How do cluster mergers turn gravitational energy into thermal energy? 
- How much energy is distributed in ICM motion? 

2. Circulation of baryonic matter in the Universe
- How do supernova and AGN feedback distribute heavy elements?

3. Transport and circulation of energy in the Universe
- How do galaxies and their supermassive black holes evolve together?
- How do AGN and X-ray binary accretion flows and winds work?

4. New astrophysics
- SNR plasma diagnostics, validation of laboratory measurements, dark matter.

XRISM will greatly expand a new era of spatially resolved X-ray spectroscopy begun by Hitomi.
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Mission

• XRISM is led by JAXA, with contributions from NASA and ESA
• 3-year nominal mission + cryogen-free mode
• Low Earth orbit, i = 31°
• Launch in JFY 2022 (Apr 2022–Mar 2023)

- 0–3 months: initial phase (commissioning)
- 3–9 months: calibration + PV phase
- 9+ months: GO phase

16 April 2021 XRISM In-flight Calibration Plan — IACHEC April 2021 Plenary Sessions 5

Instrument FOV PSF (HPD) ΔE (FWHM @6 
keV)

Energy 
band

Resolve 3′×3′
(6×6 pixels) <1.7′ 7 eV

(goal 5 eV) 0.3–12 keV

Xtend 38′×38′ <1.7′ < 250 eV at EOL
(< 200 eV at BOL) 0.4–13 keV



Resolve

• High-resolution imaging spectrometer, based 
on Hitomi SXS, including X-ray Mirror 
Assembly (XMA).

• Detector must be cooled to 50 mK.

• Flight detector has been integrated with flight 
dewar at SHI in Japan and is undergoing 
testing.

• Flight XMA in testing and calibration at GSFC.
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Resolve sensor 
NASA/GSFC



Resolve requirements

Parameter Requirement Hitomi Values

Energy resolution 7 eV (FWHM) 5.0 eV

Energy scale accuracy ± 2 eV ± 0.5 eV

Residual Background 2 x 10-3 counts/s/keV 0.8 x 10-3 counts/s/keV

Field of view 2.9 x 2.9 arcmin same, by design

Angular resolution 1.7 arcmin (HPD) 1.2 arcmin

Effective area (1 keV) > 160 cm2 250 cm2

Effective area (6 keV) > 210 cm2 312 cm2

Cryogen-mode Lifetime 3 years 4.2 years (projected)

Operational Efficiency > 90% > 98%

16 April 2021 XRISM In-flight Calibration Plan — IACHEC April 2021 Plenary Sessions 7



Xtend

• Wide-field X-ray CCD imager, based 
on Hitomi SXI, including XMA.

• 4 × 200-µm thick BI CCDs
- Good QE at soft and hard energies.
- Low particle background.
- 38′×38′ FOV allows detection of sources 

that might contaminate Resolve FOV, 
and monitoring for transients.

• Flight detector undergoing testing 
and calibration at Osaka U., MHI, and 
TKSC in Japan.

• Flight XMA in testing and calibration 
at GSFC.
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Nakajima+2020

Suzaku



• Ground calibration is underway, but things can change after launch and on-orbit.
Porter+2020, Midooka+2020, Nakajima+2020, Yoneyama+2020

• In-flight calibration plan must:
- Identify and prioritize calibration requirements for the instruments aboard XRISM;
- Identify calibration targets and observing strategies;
- Perform feasibility simulations.

• Calibration challenges for Resolve:
- Unprecedented combination of spectral resolution, 

spectral coverage, and effective area.
- Field of view ~ point spread function.

• Calibration challenges for Xtend:
- Imaging fidelity over 38′ FOV.
- Increased hard-band response compared to

other X-ray CCD instruments.

In-Flight Calibration Plan (IFCP)
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Nakajima+2017
Hitomi SXI

Kitayama+2014



IFCP team

Chair Eric Miller *
Co-chair Makoto Sawada *
Resolve Megan Eckart
Instrument Caroline Kilbourne
Team Maurice Leutenegger

Scott Porter
Masahiro Tsujimoto
Cor de Vries
Takashi Okajima
Takayuki Hayashi
Keisuke Tamura
Rozenn Boissay-Malaquin

Xtend Hironori Matsumoto
Instrument Koji Mori
Team Hiroshi Nakajima

Takaaki Tanaka
Science Yukikatsu Terada
Operations Mike Loewenstein
Team Tahir Yaqoob

Science Makoto Tashiro
Management Richard Kelley
Office Rob Petre

Matteo Guainazzi *
Brian Williams
Hiroya Yamaguchi

Science Team Marc Audard
Ehud Behar
Laura Brenneman
Lia Corrales
Renata Cumbee
Teruaki Enoto
Liyi Gu
Edmund Hodges-Kluck
Yoshitomo Maeda
Maxim Markevitch *
Paul Plucinsky
Katja Pottschmidt
Aurora Simionescu *

* IFCP sub-group lead.
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IFCP team organization

• Broad membership drawn from Instrument Teams, Science Operations Team, 
and Science Team.

• Ensures necessary technical and astrophysical background to understand  
limits imposed by instrumentation and celestial sources. 

• Ensures that all interested parties have a stake in proper calibration to reach 
the desired science goals. 

• Greatly expands the workforce available to run complex simulations of different 
calibration strategies and review possible targets.
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IFCP guiding principles

• Build in flexibility
- Identify secondary calibration targets well in advance of launch in case of schedule 

changes.

• Plan ahead
- Perform simulations of observations and strategies well before launch.
- Learn from previous experience to prepare contingency plans (e.g. molecular 

contamination monitoring and calibration).

• Use the community
- Capitalize on experience of IACHEC*, including standard candle definitions and multi-

mission observation coordination.
- XRISM IFCP borrows heavily from Hitomi IFCP, but with fewer instruments.
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* International Astronomical Consortium for High-Energy Calibration, iachec.org

http://iachec.org/


In-flight calibration requirements

Table 1. XRISM calibration requirements to be verified in flight.a

Requirement Resolve Xtend

Energy scale 2 eV for each pixel
[1 eV (0.05–12 keV), 3 eV (12–25 keV)]

5% (1 keV)
0.3% (6 keV)

Energy resolution (FWHM) 1 [0.5] eV for each pixelb

[2 eV (12–25 keV)]
10% (1 keV)c

5% (6 keV)c

Abs. e↵. area on-axisd 10% [5%] 10% [5%]

Abs. e↵. area o↵-axisd 10% [5%] within 50 15% [10%] within 100

Rel. e↵. area on-axisd 5% [3%] [5% (12–25 keV)] 5% [2%]

Rel. e↵. area < 20 o↵-axisd 5% [3%] [5% (12–25 keV)] 10% [5%]

Rel. e↵. area 20–50 o↵-axisd 10% [10% (12–25 keV)] 10% [5%]

Rel. e↵. area > 50 o↵-axisd N/A 10% [5%]

Rel. e↵. area fine structured 5% in 1 eV bins around C, N, O K edgese 15% at Si K edge

PSF on-axisf 5% [3% (0.3–25 keV)] 10%

PSF o↵-axisg 5% [5% (12–25 keV)] [10%]

Absolute timingh 1.0 ms 10 ms

Relative timingh 0.5 ms TBD

Aimpoint Di↵erence in the aimpoint and optical axis known to 3000

aUnless otherwise noted, requirements are 1� uncertainties over 0.3–12 keV. Values given in [] are goals.
bKnowledge of the Gaussian peak width for hi- and mid-res primary events. O↵-peak redistribution compo-
nents have additional requirements for ground calibration and will be spot-checked if feasible in flight.
cKnowledge of the full redistribution width on the on-axis CCD. O↵-axis CCDs have no current response
calibration requirements.
dAll e↵ective area requirements apply to all allowed Resolve filter and gate valve combinations. The e↵ec-
tive area knowledge in the gate valve closed configuration can be relaxed by 5% precision compared to the
requirements in the nominal configuration, and is only applicable to energies above 1.8 keV. The fine struc-
ture e↵ective area in these configurations must be calibrated for appropriate K edges (edges of the primary
materials and known contaminants) and other known features (e.g., Bragg di↵raction features).
eAdditional requirements apply to ground calibration of filter transmission edges at higher energies. Those
shown are relevant to on-orbit monitoring of molecular contamination.
fFor Resolve, the point spread function (PSF) requirement is defined as the uncertainty in the fraction of
photons on each pixel for a source at the aimpoint.
gFor Resolve, this is defined as the uncertainty in the fraction of photons on each pixel for a source within 20

of the aimpoint; or in 3⇥3 corner pixel groups for a source 20–40 o↵-axis.
hTiming requirements are defined for the end-to-end satellite timing system; i.e., values include allocations for
both the instrument time tagging uncertainty and the spacecraft time coordinate uncertainty. The uncertainty
interval that defines the Xtend absolute timing requirement is TBD.

2.1.1 Allocated observing time

The XRISM Operations Concept23 lays out the operational phases of the mission. For execution of the in-flight
calibration plan, the relevant ones after launch are the Initial Phase, which consists of the Critical Operations
period and Commissioning period, and the Nominal Operations Phase which consists of Initial Calibration
and Performance Verification (PV) period and Nominal Observation period. We assume for the purposes of
constructing a realistic plan that the Initial Phase will last 3 months with no formal time allocated for calibration,
since the purpose of every operation in this phase is commissioning, function, and performance verification of the
spacecraft bus and instruments. To best optimize the use of time in the Initial Phase, the in-flight calibration
plan should produce a list of calibration targets that the instrument and operation teams can use for verification
purposes. These observations are not guaranteed to be useful for calibration purposes, however. We further
assume that the Nominal Operations Phase will comprise a one-month calibration period wholly allocated to in-
flight calibration; a six-month PV period during which 5% of the observing time is allocated to initial calibration
activities; and an open-ended nominal Guest Observer (GO) phase during which 5% of the observing time is

3
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Calibration requirements are derived from mission science goals by the Instrument Teams.
Tashiro+2018, Tashiro+2020, Eckart+2018



IFCP boundary conditions

• Available calibration time
- Commissioning phase: 0 Msec
- Calibration and PV phase: [ 1 mo + (0.05 × 6 mo) ] * 0.43 = 1.4 Msec
- GO phase: (0.05 × 12 mo) * 0.43 = 0.7 Msec

• Visibility constraints
- 90-minute low-Earth orbit, 90°±30° Sun angle
- Most sources are visible 2x per year, short windows for Ecliptic sources, high-Ecliptic 

latitude sources are always visible.
- Roll constraints affect extended sources, raster scans, PSF measurements.

• Bright source limits
- Resolve encounters issues with >10mCrab sources: reduced high-res fraction 

due to pulse overlap, electrical cross-talk degrading resolution, dead time from 
PSP overload. XRISM Bright Sources Study Group (“The 1 Crab Club”), Lead: E. Hodges-Kluck

- Xtend suffers pile-up for >1mCrab sources. Tamba+2021
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Preliminary Target List Visibility
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• Some calibration must be done early.
1. Determination of the boresight and 

optical axis position of both 
instruments. 

2. Verification of the accuracy of time 
assignment. 

3. Verification of the accuracy of the 
Resolve energy scale and resolution. 

4. Contamination monitoring campaign of 
the Resolve and Xtend.

5. First characterization of the overall 
effective area calibration.

• Target visibility and flexibility are key!

Primary target Secondary target
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Preliminary Target List by Sub-group
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• IFCP Team has ~30 people. 
That’s a lot.

• Sub-groups defined for detailed work.
- Review specific XRISM in-flight 

calibration requirements. 
- Review Hitomi IFCP to identify changes:

• New or stricter requirements for XRISM.
• New or different operational constraints 

placed on XRISM compared to Hitomi.
• Elimination of hard X-ray instruments.
• New science goals for XRISM.

- Perform simulations and plan strategies.

Primary target Secondary target



Resolve energy scale and spectral response 
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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.

S20 photocathode efficiency
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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.

Journal of Astronomical Telescopes, Instruments, and Systems 011204-3 Jan–Mar 2018 • Vol. 4(1)

de Vries et al.: Calibration sources and filters of the soft x-ray spectrometer instrument. . .
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7HUPV�RI�8VH��KWWSV���ZZZ�VSLHGLJLWDOOLEUDU\�RUJ�WHUPV�RI�XVH

55Fe-illuminated 
calibration pixel for overall 
energy scale, LSF trend.

55Fe filter wheel position 
to illuminate all pixels, 

1 ct/s/pix @ 6 keV.

de Vries+2018

Modulated X-ray Source (MXS) 
can be pulsed at 1–3% duty 

cycle, 1–3 cts/s/pix



Resolve energy scale and spectral response 
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• Coronal stars for on-axis energy scale, LSF < 5 keV. Exposure times driven by LSF calibration.

Simulations by M. Audard



Resolve energy scale and spectral response 
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Matteo Guainazzi, ”SG-1” | XRISM IFCPT#3, 15 October2020

Capella raster scan

• Experiment to illuminate homogeneously the whole Resolve array

• Requirement: at least 1000 counts/pixel in two lines (Fe-L, 0.72 and 0.82 keV)
• Two modes (normal/forced mid-res), three operational temperatures
• First GVO experiment for ���, never performed

Total time allocation 43 ks x 5 = 215 ks (+ on-axis 50 ks)

3 ks 4 ks 4 ks

4 ks 4 ks 6 ks

6 ks 6 ks 6 ks

• Capella raster scan to uniformly illuminate all Resolve pixels.
• Obtain >1000 counts in two Fe L lines (0.72 and 0.82 keV).
• Two modes (normal/forced mid-res) × three operating temperatures. 

Simulations by M. Guainazzi



Resolve & Xtend effective area on-axis

• Bright blazars (3C273, PKS2155) for on-axis effective area (absolute and relative).
• Variable, so must be observed simultaneously with other instruments, especially NuSTAR.
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• All filter and gate valve combinations must be calibrated for Resolve.
• Xtend must use a fainter source than Resolve due to pile-up, like 1ES0033.
• Observe E0102 to compare continuum-dominated and

line-dominated sources, monitor contamination.
• Observe RXJ1856 to monitor contamination.

Resolve & Xtend effective area on-axis
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Req’t Goal

Simulations by L. Brenneman



Xtend effective area off-axis

• 4×10 ksec raster scan of “peaky cluster” for Xtend XMA off-axis vignetting and optical axis.
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Simulations by A. Simionescu

A478 XMA vignetting profile



Resolve timing
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• Resolve timing requirements are 
1.0 ms absolute, 0.5 ms relative.

• Includes allocations for instrument 
and spacecraft.

• Crab pulsar is best source, but 
other sources can calibrate 
absolute timing if visibility is bad.

Figure 6. Required exposure times for the Resolve absolute timing calibration. Contours show the exposure time (texp)
required to achieve statistical uncertainty on the pulse peak phase of �t ⇠ 100 µs at 3�, which is a function of the peak
count rate (rpeak) and peak width (�peak) of a pulsar. Dots show order estimation for candidate pulsars with a Gaussian
approximation of pulse profiles. Only high-resolution (H-res) events are considered.

From the visibility perspective (Figure 1), PSRB0540�69 is the best; it is visible throughout the year. The
three NuSTAR targets, if combined, also cover most of the year with an overlap with the Crab pulsar. Note
that, in the above evaluation, only the primary goal, the absolute timing calibration using high-resolution (H-res)
grade events, is considered. The backup targets (. 1 mCrab) are not bright enough to calibrate the Resolve
relative timing, especially the grade dependence (having su�cient non-high-res branching ratio requires a source
to be & 100 mCrab), or to cross-calibrate the Xtend timing using the out-of-time events technique. Therefore,
additional calibration using, e.g., the MXS for Resolve and an accreting pulsar for Xtend may also be needed.
As a next step of the planning, more accurate exposure-time estimation based on simulations is ongoing and
discussion on coordinated observations is to be initiated soon.

4.6 Science Calibration

XRISM, like missions before it, will open up an unexplored arena in X-ray astrophysics, and we already saw from
Hitomi that it will challenge the fidelity of the very tools we need to understand the data.8 We have adopted the
concept of “science calibration” observations as a category of targets that, while they do not address a formal
instrumental calibration requirement, and may not be as interesting astrophysically as other PV-phase targets,
have the potential to greatly improve the science return of the mission. Examples of such observations being
considered are presented below.

4.6.1 Atomic Modeling

Large uncertainties on atomic constants (e.g., transition energies, cross sections) will lead to unacceptable errors
on scientific results obtained from the observed spectra. There is an increasing demand that the spectral models
and their atomic data should be su�ciently tested during the early mission phase, using observations of selected
objects that contains relevant information for the atomic physics quantities. There have been discussions in the
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Simulations by M. Sawada

Crab PSR B0540



N1550 XRISM/Resolve (100ks)
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Figure 7. Simulated XRISM/Resolve spectrum of NGC1550. The simulation data (black) is based on APEC and the
fit model (red) is from SPEX. The discrepancies on line emissivities and wavelengths that will be addressed at > 3
significance are shown in blue.

XRISM in-flight calibration team and the laboratory astrophysics working group on possible targets and their
value for laboratory astrophysics.

The preferred candidates are galaxy clusters or groups. They can be used for calibrating the collisional
plasma model in ionization equilibrium. The other sources such as coronal stars have complex emission measure
distributions, whereas hot gas in a region of a cluster or group can be almost isothermal. The Hitomi spectrum
of the Perseus cluster has been a showcase for calibrating the atomic physics of 4-keV plasma, and now we will
need similar measurements but for cooler plasma.

A main focus will be the Fe L-shell complex. Accurately modeling the Fe-L spectrum is known to be
challenging due to the large number of transitions and physical processes involved in the detailed line formation.
A number of XRISM proposals depend on these lines, and thus early calibration and communication is going
to be important for the community. One of the ideal candidates is NGC1550, which is a relaxed group with
nearly isothermal temperature of 1.3 keV. It is optimal for benchmarking the line centers and cross sections of Fe
XX�Fe XXIV at the L-shell, where the two main atomic codes (APEC and SPEX) are not yet fully converged
(see Figure 7).

Alternative sources to NGC1550 are the relaxed quasi-isothermal regions in M87 and Abell 1060, although
their temperatures (⇠ 2–3 keV) are a bit too high for the Fe XX�Fe XXII lines. They are still useful for testing
the energies and cross sections of Fe XXIII and Fe XXIV L-shell lines, as well as some of the K-shell lines at
higher energies.

4.6.2 ISM X-ray Absorption Fine Structure

If a contaminant builds up between the time of ground based e↵ective area measurements and telescope first
light, then the true e↵ective area near photoelectric absorption edge fine structure will be significantly altered.
This scenario was found to be the case for the XMM-Newton RGS,46 where it is hypothesized that water ice
built up as the instrument cooled from �50 C to �110 C. Such a phenomenon presents itself as additional,
unidentified absorption features that are not easily attributed to the interstellar medium (ISM). De Vries et al.
(2003)47 demonstrated a technique for determining the new detector e↵ective area in high resolution: compare
the spectra of a low ISM column source (NH . 1020 cm�2) and a high ISM column source (NH & 1021 cm�2)
to verify that the residual absorption is not astrophysical in nature. By taking the ratio of the spectra, one can
derive an empirical absorption spectrum for the ISM, normalized by NH. This measurement can serve as an

16

Science calibration: atomic modeling
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• “Science calibration” targets are valuable for enabling the best XRISM science 
or performance, but do not directly address instrument calibration.
- Enhance PV or GO phase science.
- Require early observations (PV phase) to be of most use.
- Enable or enhance science return on multiple categories of objects.

• Calibration of X-ray spectral models
- transition energy, line emissivity, 

ionization balance
- NGC 1550: 1.3 keV, 

L-shell lines of FeXX–FeXXIV, 
K-shell lines of O to Si.

Simulations by L.Gu



Summary

• XRISM in-flight calibration plan builds on lessons learned.
• Team members have been performing simulations, planning strategies.
• Preliminary target list has been compiled, final simulations are underway and 

observing strategies are being planned.

• Thanks to hard work on ground calibration by instrument teams, we expect 
smooth in-flight verification, but we will be prepared!
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Thanks!
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Resolve energy scale and spectral response 
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Energy/scale resolution calibration >10 keV

MXS could be operated to register multiple “hits”. Investigation on-going

Cr K-α+Cu K-α

Cu K-α+Cu K-α

Cu K-α+Cu K-β
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Credit: S. Porter (GSFC)

Extended gain and LSF calibration using two-photon events!
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Xtend energy scale and spectral response
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• Strategy from Suzaku XIS: field-filling stable line sources.
- Perseus Cluster @ 6 keV
- Cygnus Loop @ < 2 keV

• Xtend has 4x the FOV of XIS.
- Outer regions are expensive to calibrate. 
- But aimpoint will be self-calibrated by any line 

source thanks to Resolve!
Table 2. Achievable gain calibration uncertainty for Xtend.

Gain uncertainty texp (ks) Description

Case I 7 eV @ r < 80

18 eV @ 80 < r < 150

60 eV @ r > 150

80 Observed only on-axis to reach the same gain
uncertainy as Suzaku/XIS.

Case II 7 eV on-axis chip
8 eV neighbor chips
9 eV opposite chips

320 Observed on each chip for the same exposure
time and goal as Case I. O↵-axis chips have
higher uncertainty due to vignetting.

Case III 7 eV everywhere 640 Observed on each chip for exposure time that
scales with vignetting, to reach the Suzaku/XIS
gain uncertainty at all FOV locations.

quiescence are generally RS CVn binaries, with both components being X-ray active. Capella is the brightest in
the soft X-ray band ( 2 keV). We estimate that 30 ks at the nominal boresight position will yield a statistical
precision on the centroid (width) of better than 0.7 (1) eV on the central pixel for several lines or line complexes
in the 0.5–2.0 keV band, ranging from Nvii Ly↵ to Mgxii Ly↵ and the Sixiii K↵ complex. To cover the energy
range harder than 2 keV, 50 ks of a hotter system such as HR1099 (primary) or ABDor (secondary) are needed
to achieve a precision of the reconstructed gain scale over the full Resolve energy band better than 1%.

In order to verify the accuracy of the energy scale and resolution over the whole Resolve array, a raster
experiment of Capella has been designed. It is constituted by a set of nine observations (for a total exposure
time of 40 ks) with slight o↵sets around the nominal boresight position and covering the whole instrumental
field-of-view with a spatial distribution of counts as homogeneous as possible, while ensuring that the strongest
FeL emission lines at ' 0.72 keV and ' 0.82 keV are detected with at least 1,000 counts each. As the experiment
must be repeated for two instrumental modes and three operational temperatures, the total time investment is
estimated to be 240 ks.

4.2 Xtend Energy Scale and Spectral Response

Calibration of the energy scale (gain) and spectral resolution of a CCD detector is technically equivalent to
correcting the charge trail and charge transfer ine�ciency (CTI) resulting from transfer of charge during readout.
Since these depend on the number of transfers, line-emitting, di↵use, bright sources that cover the FOV are
required. In the Suzaku XIS case, the Perseus cluster and Cygnus Loop were routinely observed to calibrate
the gain and spectral response at high and low energies, respectively, across the FOV. 55Fe calibration sources
irradiating the corners of CCD chips were used to monitor the time-dependency of the gain and energy resolution.
This observing strategy worked well for Suzaku, and so we base the in-fight calibration plan for Xtend on
experience calibrating the Suzaku XIS.

One big advantage for Xtend over the XIS is the capability for simultaneous observations with Resolve, since
Resolve spectra of any line-emitting sources would be good references for Xtend. It is thus expected that energy
calibration will be more accurate and easier on-axis. On the other hand, the wider FOV of Xtend requires
much longer exposure times if the same calibration uncertainty is to be achieved over the whole detector. We
show in Table 2 the achievable calibration uncertainty and required calibration time for three cases using the
Perseus cluster as a calibration target. The baseline plan is to achieve Case I, which will satisfy the Table 1 gain
requirement of 0.3% (18 eV) at 6 keV over half of the FOV, and substantially exceed this on-axis. Thanks to
the strength of its He- and H-like FeK lines near 6 keV, a single 40-ks observation of Perseus at the nominal
aimpoint will do this. A 30-ks observation of the Cygnus Loop, a ⇠ 3� structure that covers all four chips, will
allow monitoring of the gain over the whole FOV at energies lower than about 2 keV. Both these observations
will be repeated performed in Full Window and 1/8 Window modes. Plans to pursue Case II or III will be
explored once Case I is demonstrated in flight.

Alternative sources to the Perseus cluster are X-ray bright clusters such as Abell 478, Abell 1795 and Abell
3571, although they are fainter than the Perseus cluster in the FeK lines. The Circinus Galaxy is a heavily
obscured AGN whose spectrum below 10 keV is dominated by reprocessing of the nuclear radiation by optically
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