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Planning and implementing XRISM
in-flight calibration

Eric Miller (MIT) for the XRISM Team
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In-flight calibration plan for XRIS XRI"SM S e e

* In-Flight Calibration Planning team charter (tl;dr version)
- Develop a comprehensive and executable XRISM in-flight calibration plan.

- Identify the XRISM in-flight calibration requirements.

- Specify targets and exposures needed to fulfill these requirements, and the priority for
performing the calibration observations.

- “Open” activity; science team members are encouraged to participate.
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Cal-IP structure
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XRISM P1/SMO Steering

|
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(1 from JAXA, 1 from NASA/ESA)
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Resolve Gate Valve contingency p XRISM Spactroscopy Mseion

* In November 2023, the team began to plan changes to calibration targets if the
Resolve Gate Valve remained closed (GVC operation).  Thanks to the Cal-IP team

- Calibration targets changed due to GVC: for your hard work!

- Capella on-axis and raster scan (Resolve energy): too soft

3C 273 w/ Be filter (Resolve Aeff): unnecessary

PKS 2155 - Cyg X-2 (Resolve PSF): too faint

AB Dor - HR 1099 on-axis HiRes and MidRes (Resolve energy): source flux
RXJ 1856 (Resolve and Xtend contamination): too soft, E0O102 can be used
NGC 1550 (lab astro): too soft

 Calibration targets changed for other reasons:
- Abell 478 - Abell 2029 (Xtend optical axis and off-axis Aeff): visibility
- 3C 273 w/ ND filter (Resolve Aeff): unnecessary and requires coordination
- 1ES0033+595 - G21.5-0.9 (Xtend Aeff): stable source, no coordination
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XRISM calibration implementation XR?SM Soecosepy s

 Monday March 4 at TUS for 3+ hours, 35 people in person, more on Zoom

*-\‘_ \A.,
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XRISM in-flight calibration presen XRI"SM Soscrosca s

» Effective area

- E. Miller, T. Hayashi CoObs WG (Tue PM)
« PSF and optical axis

- T. Hayashi General Session 2 (Wed PM)
« Pointing accuracy

- Y. Kanemaru General Session 2 (Wed PM)
* Resolve energy

- E. Miller HighRes WG (Tue AM), this session

- P. Plucinsky Thermal SNR WG (Wed AM)
« Xtend energy

- H. Suzuki, T. Yoneyama this session!
« Timing

- Y. Terada this session!

- M. Shidatsu Timing WG (Wed PM)
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R o X-Ray Imaging and
I Spectrosco py Missi

Resolve (soft) energy calibration

Resolve Energy group

Material from Scott Porter, Mike Loewenstein, Matteo Guainazzi,
Resolve IT, et al.
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Energy (eV)

MXS not option with closed gate XRI"S/\/I Spectossops bisson

With the Gate Valve closed, each modulated x-ray source only illuminates half the array, and the rate
across the illuminated half is highly non-uniform - gain tracking using the FW >>Fe source during eclipse
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Fiducial set for each ADR cycle XRfS/\/I Spectossapy Hoso

High-cadence gain fiducials revealed the minimum set needed to characterize the ADR cycles with
negligible LSF broadening (except from pixel 27, which experiences gain steps not yet correlated with
any telemetered parameter).

Experiment: Y87_on_N132D_v3
Line: Mn_Ka8lor

—;\: 30x10° Wave: root:cdp:N132D_subsamplel:onlyFW:myanalysis:myPHCorr_Hist
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Resolution of each pixel XRI"SM S e e

: 5.9 keV resolution using MnKa complex|
: : ; | ; m On orbit
S0 | . N——— S ——— — Y T :|/C |1

IR
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f I ! |

Energy Resolution (eV)

|
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Pixel Number

» Averaged over orbital position
» In-flight calibration data will provide similar information at several energies.
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X-Ray Imaging and

Resolve energy calibration

 Resolve gain and LSF calibration 2 - Mg XI Capella (30 ks)
above 5 keV can be done with : HR 1099 (50 ks)
Fe55 and MXS direct.

« Below 5 keV requires celestial
sources with narrow lines of
known energies.

Si Xl

Hea XV
S Ar XVII
Hea

0.1

 GVO plan was:
- Use Capella for < 1 keV
(aimpoint pixels)
- Use HR 1099 or AB Dor for 2—-3
keV (aimpoint pixels)
- Use Capella for pixel and F
temperature dependence [ ‘w

0.01
1

normalized counts s-' keV-!

10
T TV

10~
|

Energy scale calibration @ 2 keV:
Req’t: =2 eV for each pixel
Goal: =1 eV for each pixel

Resolve Gate Valve open simulations H”

0.1 1 10
Energy (keV)

0-5
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m u X-Ray Imaging and
Resolve energy calibration
* Resolve gain and LSF calibration S - Capella (30 ks)
above 5 keV can be done with : HR 1099 (50 ks)
Fe55 and MXS direct. S il
. Below 5 keV requires celestial ) TE Hea
sources with narrow lines of >
known energies. - Sk
« GVC planis: £
- Use Capellafor<1 keV/ S =
< 5L
SirmBoint pixels: g S
- Use HR 1099 erAB-Borfor2-3 8 |
keV (aimpoint pixels) s &L
- Use Capella 2?7 for pixel and -
temperature dependence i} ]
S F I |
Energy scale calibration @ 2 keV: Resolve Gate Valve open simulations H”H
Req’t: < 2 eV for each pixel S - — . R—— 111
Goal: < 0.2 eV for each pixel 0.1 Energ} oV) 10
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Strategy with Gate Valve Open

Accurate determination of the energy scale in the central pixel through a 30 ks observation

Matteo Guainazzi, “Resolve pixel-by-pixel gain”
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Accuracy in the gain reconstruction

xa_rsl_gainpix 20190101v005.fits
T T T I 1 T T T TT[] e Let’'s assume:
e a source spectrum with five

3.0

2.5 — soft X-ray transitions
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ol SiXIIl He-a « >>Fe source delivering 104
Z SiXIV Ly-a counts

SiXIIl He-B

1.5

« =70 (200) counts per line are
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Energy scale accuracy (eV)

Lo error on the gain at their energies
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Matteo Guainazzi, “Resolve pixel-by-pixel gain”
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Accuracy in the gain reconstruction

xa_rsl_gainpix_20190101v005.fits

| | IIIIII| | | IIIIII| ° Letlsassume_
\ j « a source spectrum with five

soft X-ray transitions
« Capella is too soft as a calibration target with GVC.
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A bootstrap strategy X RISM s,

* Observe a bright extended source
with unknown velocity structure.
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A bootstrap strategy X RISM s,

* Observe a bright extended source
with unknown velocity structure.

* Four on-axis pixels are calibrated
from HR 1099, so we know the
velocities.
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R o X-Ray Imaging and
I Spectroscopy Missiaon

strategy

* Observe a bright extended source
with unknown velocity structure.

* Four on-axis pixels are calibrated
from HR 1099, so we know the
velocities.

 Place the source at each vertex of
four pixels. We know the velocity
structure in each pixel and can
calibrate.
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R o X-Ray Imaging and
I Spectroscopy Missiaon

* Observe a bright extended source
with unknown velocity structure.

* Four on-axis pixels are calibrated
from HR 1099, so we know the
velocities.

 Place the source at each vertex of
four pixels. We know the velocity
structure in each pixel and can
calibrate.

* Repeat.
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\ R o X-Ray Imaging and
I Spectroscopy Missiaon

A bootstrap stratec

* (Observe a bright extended source
ith unknown velocity structure.

* Four on-axis pixels are calibrated
from HR 1099, so we know the
velocities.

 Place the source at each vertex of
four pixels. We know the velocity
structure in each pixel and can
calibrate.

« Repeat. Nine times total
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A bootstrap strategy X RISM s,

n

* Observe a bright extended source
with unknown velocity structure.

* Four on-axis pixels are calibrated
from HR 1099, so we know the
velocities.

 Place the source at each vertex of
four pixels. We know the velocity
structure in each pixel and can
calibrate.

* Maybe this is too expensive, so only
do inner five quadrants to start.
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A bootstrap strategy X RISM s,

* Observe a bright extended source
with unknown velocity structure.

* Four on-axis pixels are calibrated
from HR 1099, so we know the
velocities.

 Place the source at each vertex of
four pixels. We know the velocity
structure in each pixel and can
calibrate.

* Maybe this is too expensive, so only
do inner five quadrants to start.
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Credit: A. Simionescu (SRON)

RB: CenX-3, Vela X-1 Ruled out

AGN: Circinus Galaxy (to be
observed on-axis in the week of

January 29) Ruled out

Ruled out: M87, Centaurus, Puppis A
Possible sources:
Cas A (?)
Tycho (?7?)
counter-jet Cyg X-3 (???)
Qb3 other ideas?
HR 1099 might be used for inner square

Si K fluorescence, escape lines from all of
the Fe55 FW data
Iterative approach (inner pixels first)

Matteo Guainazzi, “Resolve pixel-by-pixel gain”
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Summary X RiSM &,

« Cal-IP team has updated the IFCP to account for GVC operations and
calibration.

» Targets have been observed, with some preliminary results presented here at
IACHEC.

« Cal-IP is working with Resolve and Xtend ITs teams to ensure a successful
calibration campaign!
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