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RMFs and ARFs for eROSITA and XMM/EPIC-pn
Parameterization of the eROSITA RMF
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How the initial eROSITA RMFs were derived
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Model Parameters for the EPIC pn RMF

circinus_obs3_singles_src_sas14.rmf bin 1061 E =2.300 - 2.301 keV
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Model Parameters for the EPIC pn RMF

circinus_obs3_singles _src_sas14.rmf bin 1061 E =2.300 - 2.301 keV

rrrrrrrrrrrrrrr ettty Tttt et

I

0.1  sigma -

- gamma, e

N vtherm / ]

oor | o ocor o | e

i sh_sig_r ’ i

0.001 =
0.0001 E sh_rnorm ‘

| 1

0.00001 <— sh_esep —> il
i I shif_rnorm

0.000001 | HEEEEEREEE RN NN | 1IN Mlllxlxl\xlwlllj

0 0.5 1 1.5 2 2.5

channel energy ["keV"]




Descriptive Model: The VRMF Model = Main Peak

Input Energy = 425 eV
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Modeling the EPIC pn RMF at individual energies
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Modeling the EPIC pn RMF at individual energies
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Modeling the EPIC pn RMF at individual energies
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Current RMF & ARF parameterization for XMM/EPIC-pn
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Current RMF & ARF parameterization for XMM/EPIC-pn
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XMM / EPIC-pn RMF and ARF parameterization =~ Small Window Mode
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1.000 0000
1.000 0.000
1.000 0.0
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total penaly: 0316

19 RMF shaping functions
with 21 parameters each
-> 399 RMF parameters

21 parameters for correcting
the energy dependence of
the fraction of singles

2 correction functions for
the filter transmission

(O and C thickness) for
each filter > 6 parameters

-> 27 ARF parameters
=>» 426 parameters

(linear) temporal dependence
of each parameter

=>» 852 parameters

parameters can be fixed,
coupled, tied, constrained,
and determined for a
given smoothness of the
shaping function
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observed
pulse
height

distribution

pragmatic approach:
parameterization!
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General properties of the ARF and RMF

ARF: ,Ancillary Response File”, RMF: , Redistribution Matrix File”

from which X-ray sources
do we know the spectra
well enough to use

them for calibration ?

observed
pulse
height

distribution

incident
::> : ARF : ::>
spectrum RMF

the spectra used known
should sample all
essential ARF and
RMF regions
typically ~1000 elements pragmatic approach:

(comparatively trivial) parameterization!




RX J1856-3754

1E 0102.2-7219

General properties of the ARF and RMF

ARF: ,Ancillary Response File”, RMF: , Redistribution Matrix File”

spectral model
of RXJ1856

ARF

observed
spectrum of
RXJ1856

RMF

of 1E0102

spectral modeIJ ﬁ "

observed
spectrum of
1E0102




General properties of the ARF and RMF

ARF: ,Ancillary Response File”, RMF: ,Redistribution Matrix File”

observed

RX J1856-3754 spectral model spectrum of
(up to 50 spectra) of RXJ1856 % ﬁ RXJ1856

Um | ARF oy

observed
1E 0102.2-7219 spectral model ﬁ % spectrum of
(up to 45 spectra) of 10102 1E0102

(W

each iteration in computing the ARF and RMF requires to run spectral fits for all
the data sets (EPIC-pn: currently 50 spectra for RXJ1856 and 45 spectra for 1E0102)



RX J1856-3754: Chandra LETGS

nts s~ kev”!

zed cou

norm

{data-model) /error

data and folded model

RXJ 1856

X2= 694, n . = 1251

Energy (keV)

V. Burwitz

2 nH=(7.2+/-0.3) x 10*° cm??
kT =62.4 +/-0.4 eV
norm = (1.58 +/- 0.06) x 10°
[tbabs * bbodyrad]

1E 0102.2-7219: IACHEC model

Plucinsky et al. 2017 (A&A 597)

SNR 1E 0102.2-7219 as an X-ray calibration standard
in the 0.5-1.0 keV bandpass and its application to the CCD
instruments aboard Chandra, Suzaku, Swift and XMM-Newton

Paul P. Plucinsky', Andrew P. Beardmore2, Adam Foster', Frank Haberl’,
Eric D. Miller*, Andrew M. T. Pollock’, and Steve Sembay?®
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Temporal trend in the parameterized RMF
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What has changed in the RMF ?
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RMF construction details
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Sampling the parameterized RMF at 400, 600, and 800 eV
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Sampling the parameterized RMF at 1.0, 1.5, and 2.0 keV
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RMFs and ARFs for eROSITA and XMM/EPIC-pn

Results for eROSITA

eR0OSITA

Parador de La Granja, Spain IACHEC, 2024 May 12 - 16 Konrad Dennerl, MPE




,Fitting“ the
RMF and ARF
for eROSITA

g ¢”¢,~¢W<jm,WM 1‘ \} i

|
- Mois S ;+ e Method:

RX J1856-3754 ﬂ 1E 0102.2-7219 consider two sources

with ,reliable”

xj1856_710001_tm3_s_030a_SourceSpec_nocore.fits E0102_700001_TM3_s_c030b_SourceSpec.fits
Chi/dof = 117.5847713/131 = 0.8975936740458015, kT = 0.0624 Chi2/dof = 151.061627/136 = 1.110747257352941, offset = —1.15009 eV
T T T T

spectral models
™3 | | simultaneously:

x2=11

RX J1856-3754
. o &
il | 1E 0102.2-7219

<« offset=-1eV

-

0.5 {

0.



Results obtained with parameterized RMF for eROSITA (,TMS8 sdtq‘)

xj1856_700008_tm8_sdiq_030a_SourceSpec_nocorefits
Chi/dof = 499.7405323/371 = 1.3470095210242587. kT = 0.0624.

£xj1856_710001_tm8_sdiq_030a_SourceSpec_nocore.f
Chifdof = 650.0348 10637 = 1.7531153924528303, T = = 0.062 "

RXJ1856, obs 1 |

RXJ1856, obs 2 |

0.2 05
Channel Energy (keV)

xj1856_720002_tm8_sdiq_030a_SourceSpec_nocore.fits
Chifdor = 463 363569371 = T 2489584092330623, KT 200624

0.2 05
Channel Energy (keV)

160102_700001_tm8_sdiq_030a_SourceS pec.fits

Chi/dof = 272.4252169/132 = 2.063827400757576, of fset = ~1.1
T

RXJ1856, obs 3 |

1E0102, obs 1

0 0
02 L 05 F

0 0
02 -05

0.2 05 1 02 0.5
Channel Energy (keV) Channel Energy (keV)
160102_710000_1m§_sdiq_030a_Sous nesmn pel634_700186_tm8_sdiq_030a_SourceSpec_grp.fi
Chi/dof = 2533672527132 = 1.9 offsel = 0369915 eV, | Chirdof = 2425208715200 = 1.2126043575, offset = 0.0 eV nomn = 1.55814
60
1E0 102 ObS 2 0.1 !
’ S F 1
40 bbbt
001 b

10

PG1634, obsl

3

0.5
Channel Energy (keV)

Channel Energy (keV)

,TM8 =TM1 + TM2 + TM3 + TM4 + TM6
(sum of all CCDs with an on-chip Al filter)

,sdtg’: all valid pixel patterns

(sum of singles, doubles, triples, quadruples)

combining data from 5 TMs and 4 pattern types
before fitting requires a precise reconstruction
of the absolute energy scale

for each TM and each pattern type

also including PG1634+706
as a hard X-ray source



eROSITA ARF: what has changed ?
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eROSITA and RXJ1856: interplay between ARF and RMF

rxj1856_700008_tm8_sdig_030a_SourceSpec_nocore.fits
Chi/dof = 925.5228638/371 = 2.4946707919137467. kT = 0.0624

- * '
b
i RXJ1856
TMS, all valid patterns
X,2=2.49

#i Y o
L B ¥ RN b o oma
=

[ 3

0.2 0.5 1
Channel Energy (keV)

best-fit spectrum with
» unmodified RMF
» unmodified ARF

(both from ground calibration)



eROSITA and RXJ1856: interplay between ARF and RMF

rxj 1856_700008_tm8_sdig_030a_SourceSpec_nocore.fils
Chi/dof = 589.1837897/371 = 1.5880964681940701. kT = 0.0624

8 F T " -
6 - -
RXJ1856 . .
_ ] best-fit spectrum with
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N | »  modified ARF*
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08 t =
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eROSITA and RXJ1856: interplay between ARF and RMF

rxj1856_700008_tm8_sdig_030a_SourceSpec_nocore.fits
Chi/dof = 500.543384/371 = 1.3491735417789759. kT = 0.0624

8 =
6 ]
RXJ1856 . .
_ ] best-fit spectrum with
. TMS, all valid patterns > .
x2=1.35 . modified RMF
, | »  modified ARF*
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0 _ -
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eROSITA ARF at E > 2.3 keV

The SRG/eROSITA All-Sky Survey

SRG/eROSITA cross-calibration with Chandra and XMM-Newton using galaxy
cluster gas temperatures

K. Migkas'2-, D. Kox?, G. Schellenberger®, A. Veronica?, F. Pacaud?, T. H. Reiprich?, Y. E. Bahar®, F. Balzer’, E.
Bulbul®, J. Comparat’, K. Dennerl®, M. Freyberg®, C. Garrel®, V. Ghirardini®, S. Grandis®, M. Kluge’, A. Liu®, M. E.

Ramos-Ceja’, J. Sanders’, X. Zhang®

-~
\D Using a single power law fit, we found that eROSITA shows
a strong discrepancy with Chandra, measuring 25% and 38%
lower Terosita for Tconandra = 4.5 keV and Topangra = 10 keV

eROSITA shows lower T than XMM-Newton as well, with
the discrepancy being milder than the one with Chandra. For
the full band, eROSITA measures 10 — 28% lower Terosita for
Txmm ~ 2—T keV clusters, while there is a slightly better agree-
ment for cooler systems.

eROSITA vs Chandra: single power law

P [ 1:1,
. lard
g x 11
- “ > 100 difference
lo & 30
0.2!
contours

05 06 07 0% 09 10

Slope B

» 20-30% lower eROSITA T for average-sized clusters
» Good agreement for low-T galaxy groups, large differences for massive clusters

> Hard band much more inconsistent

- test with PG 1634+706

eROSITA vs XMM-Newton

= 50 difference

lo & 30

contours

0.6 0.7 08 09 10

Slope B

> 10-20% lower eROSITA T for average-sized clusters

> Soft band shows marginally better consistency




=1.0-4.8 keV

fit restricted to E
(to minimize possible complications due to n,, or background)

Testing the influence of the high energy ARF on PG1634

pel626_T00186_tm8_sdiq_030a_SourceSpec_grp.fits
Chi/dof = 271.352026/201 = 1.3500100796019903, offset = 0.0 eV, norm = 1.66592

0.1

0.01 # i
%2=1.35 ++
10 b powerlaw slope = 1.67 4
15 " 4

Channel Energy (keV)

pel626_700186_tm8_sdig_030a_SourceSpec_grp.fils
Chi/dof = 250.6429359/201 = 1.2469797805970149, offset = 0.0 eV, norm = 1.58071

0.1

0.01

X, =1.25
0= powerlaw slope = 1.58

Channel Energy (keV)

ARF used

ARF used

ﬁRF correction factor applieh

0.8
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energy [keV]
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0.8

0.6

YN

o

0.1 1
energy [keV]

10

/

modification can be
physically justified

from (unmodified!)

ground calibration
(except for small Al-K edge)

just for empirical test,
no physical justification



PG 1634: fit quality obtained
with unmodified ARFs and RMF

ARF correction factor applied
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PG 1634: fit quality obtained PG 1634: fit quality obtained
with unmodified ARFs and RMF with modified ARFs and RMF

ARF correction factor applied
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PG 1634: fit quality obtained PG 1634: fit quality obtained
with unmodified ARFs and RMF with modified ARFs and RMF

ARF correction factor applied
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Comparison with XMM-Newton/EPIC-pn

1.1 T T T T T T] T T T T T T T]

1.08

XMM-CCF-REL-388
1.06

1.04

[y
(=]
N

Correction factor

0.98

0.2 0.5 1 2
Energy (keV)

Figure 2: Final correction function to the EPIC-pn ARF description, taking into account the
slope and shape difference to NuSTAR in the 3-12keV band. These values are published in the
ABSCORRAREA extension of XRT3_XAREAEF_0014.CCF.

As of SAS 20.0 a new keyword applyabsfluxcorr is available, which will provide corrections to the effective area removing residuals

between simultaneous fits of PN and NuSTAR observations. The correction is based on simultaneous calibration observations between both
observatories. These corrections are intended to align the PN spectral shape better with the spectra from NuSTAR. Details on the
corrections can be found in the corresponding release note, XMM-CCF-REL-388. The way to apply the correction is as follows,

arfgen spectrumset=PNsource_spectrum.fits arfset=PN.arf withrmfset=yes rmfset=PN.rmf \
badpixlocation=PNclean.fits detmaptype=psf applyabsfluxcorr=yes



Comparison with XMM-Newton/EPIC-pn
0852980301

with default ARF with ,Nustar’ ARF

. A+++ it *‘“‘#HH Hl lﬂT + HHL T _4—+T | #N'HMHHH m,w M}Mj T
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2Energy (keV) E=1.0-4.8keV (to minimize possible complications due to nh or bg) 2Energy (keV)
X,2 = 64.66 / 69 X2 = 64.69 / 69
Pholndex = 1.627 + 0.046 Pholndex = 1.629 + 0.046

norm = 2.74e-4 + 0.08e-4 norm = 2.75e-4 + 0.08e-4
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PG 1634: eROSITA and XMM/EPIC-pn
with unmodified ARFs and RMF
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PG 1634: eROSITA and XMM/EPIC-pn
with modified ARFs and RMF
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PG 1634: eROSITA and XMM/EPIC-pn
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with unmodified ARFs and RMF How significant is the ,high energy issue” ?
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- scientifically more ,reasonable’ results with reduced ARF above 2.3 keV ..

1.4
1.2 v PG1634
v' nCar
1 v cluster temperatures

0.8

ARF correct-ion

factor applied .. but considerable modification required
0.6

0.1 1 10

energy [keV]
= would such a reduction of

modification at low energies: the ARF be compatible

Al thickness: -12 nm (assumed density: 2.7 g cm3)

with PANTER measurements ?

C thickness: +20 nm (assumed density: 2.2 g cm™3)
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Physical justification of ARF modification at high energies

<~ PG 1634
<> n Car
<> galaxy clusters

@ .
<> SN 1987A
» detailed and critical review of PANTER measurements going on

» detailed and critical review of ARF determinations for other missions helpful

» detailed and critical review of astrophysical observations also needed
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