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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
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residuals (x*) counts s' "keV""!

residuals (x°) counts s’ "keV"'!

Warning: ARF adjustments alone may be dangerous !

Example: XMM/EPIC-pn, simultaneous fit to RXJ 1856 and 1E0102 in three filters each,
using the same model spectrum for each source, with no normalization between the filters
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General properties of the ARF and RMF

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

observed
incident pulse
spectrum A RMF height
> distribution
. .
EPIC pn: 2067 2067 x 4096 = 8 446 432
vector elements matrix elements

RMF @ EPIC pn: 4096 adu bins from 0.0 to 20.5 ,keV‘ (,EBOUNDS")
2067 eV bins from 50 eV to 16 keV

EPIC pn RMF: 8.5 million matrix elements - HUGE parameter space!
EPIC pn ARFs: 3 x 2067 elements - comparatively trivial

— find appropriate RMF parameterization and try to optimize it..



Model Parameters for the EPIC pn RMF
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Model Parameters for the EPIC pn RMF

circinus_obs3 _singles src_sasi4.rmf bin 1061 E =2.300 - 2.301 keV
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Comparison: original and recomputed RMF @ 2.3 keV

original RMF recomputed RMF

001 |\ E= 2302- 2303 keV
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Modeling the EPIC pn RMF at individual energies

11 {, | les_src_sast4rmf bin 1061 E =2.300 - 2.301 keV

01 | 1hs 1!1!11!.!!1!!\}\1}!!11?!?1111;!_

3 ] SEEEEEEEE NN | | E

[] :U) I T I 1 I T ™ .| T ,s'gma

0.01 | E S gamma, [ [ | | [eeeepeppm—m— |

| | | " vtherm /:

- T | = ecor ™ | | | | == — AL AT

. 4@.—'-\\ | | I I | .,... I I ! ." ,,,,, ]
: ¥ sh_sig_r ) \

20000 i Rl e~ SSss==s==
' B mEmmmA A -
10000 | | e AR ERRE ™ |
0 L » == ‘ sh_rnorm

0.15 = - el
i 1 <« sh_esep —> 1|
0.1 { = —H shif_rnorm
! 1o = ] 1
1 |»
0.05 ¢ o ala NN AR |I|l|||1|1||{||
| | Ll 1 1.5 2 25
01 0.5 1 e channel energy ['keV"]




10 [

0.1 |
0.01 |
0.001 L

0.1 |

0.01 |

0.001 |

10 | L E
7 / =
1t 1.2
] "’l
- 1<
0.1 | o i
0.1 0.5 5 10

Modeling the EPIC pn RMF at individual energies
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Modeling the EPIC pn RMF at individual energies
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RMF refinement method

(ARF refinement comparatively trivial)

1) Compose the RMF of (19) shaping functions SF
which are determined by shaping parameters SP:

* main peak: gamma, vtherm, sigma

* shoulder: sh_rnorm, sh_sigl, sh_sigr, sh_esep

» shelf: shif_rnorm, shlf_slope

* escape peak: another 9 parameters

and determine deformation functions DF to model

the energy dependence of each shaping parameter,

J

and to reproduce an existing RMF

2) Apply correction functions CF to the
deformation functions DF, recompute the RMF,
use this RMF for (simultaneously) fitting X-ray
spectra with spectral model functions MF
(using plausible spectral model parameters MP),
and compute the goodness of the fit.

Vary the correction parameters CP (and the
correction functions CF) in order to maximize
the goodness of the fit.
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RMF refinement method

N2 28 28\Z

Challenge: how to keep an overview (in total ~1000 parameters!)

19 shaping functions SF with a total of 19 shaping parameter SP;
the energy dependence of each SP is determined by a deformation function DF

the 19 DFs are computed from a total of 555 deformation parameters DP,
which were derived by simultaneously fitting 39 EPIC-pn ,RMF samples”
with 117 free and 438 fixed/tied parameters

19 correction functions CF, each determined by up to 21 adjustable CPs,
yielding a total of 399 correction parameters CPs

spectral fits:
e 1E 0102: 208 model parameters MP,, with 4 of them free + gain offset
* RXJ 1856: 3 model parameters MP,, with 1-3 of them free + gain offset

in addition for the 3 ARFs: (thick, medium, thin):
* 3 x 2 adjustable parameters for C-K and O-K absorption
* up to 21 adjustable parameters for correcting the fraction of singles

up to 19 x 21 + 6 = 405 adjustable correction parameters in total
necessity to fix/tie/couple a subset of the correction parameters
necessity to constrain the correction functions

necessity to control the spectral fit results

very useful: concise graphical overview
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Status @ IACHEC-2018
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ARF correction
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software upgrade:

1. treat temporal dependencies as new fit parameters,
individually for each shaping component

2. utilize parallel processing (= = 10-100 times faster!)

— major restructuring of the program
(also opportunity to clean the code)

- = 14000 lines of code, ~100 programs/modules/subroutines
852 RMF + ARF shaping parameters

also: various possibilities for monitoring, checks and
documentation, e.g. highly compressed summary plots



Modelling temporal RMF

XMM / EPIC-pn RMF and ARF parameterization

Small Window Mode
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shesep (NI 0013 i -0.013 ju{ 0.013)m{-0.013 juf -0.013){-0.013 jm{ 0.013 i -0.013 i -0.013 juf 0.013 ) -0.013 }m{-0.013 m{-0.013 }m{-0.013 }{-0.013 }{ 0.013 }m{-0.013){ -0.013 w-0.013 }w-0.013] 0000 1.000 0.000
sh_morm 0,025 {0,025 |o{ 0.025]{-0.025 |o{ -0.025]#{-0.025 | 0.025 |o{-0.025 |{ -0.025 }{ 0.025{-0.025 | -0.025 | {-0.025 }s-0.025 }{-0.025 |n{ 0.025 }{-0.025 |o{ -0.025 }s{-0.025 } [—nmﬁ\ 0000 1.000 0.000
shsig ! [B02HI 0021 M -0.01 4 0021|0021 o -0.021 {0,021 o 0,021 {0,021 o 0021 }o 0.021 {01 {-0.021 |={-0.021 }o{-0.021 }+-0.021 o 0021 o -0.021}+{ 0.1 {0021 || 00m 1000 0000
[9I088)+{ 0:066 +{-0.066 +{ .06} (-ama}x-ama {-0.085 | 01065 +{-0.068 {6088 }«{ 0066} [um«nam] (ama}(um;[um)mmuam}xam 0085} [um«\ 00w 1000 0000
shif mom 0036 W -0.036 |+ 0,036} 0,036 0096 {01038 =003 <0036+ 0.036 {0066 40,095 01096 0096 {0,036 1+ 0036 {0036 -0.0% 0000 1000 Q00
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esc_morm [ 00 | 00 00 J«{ 00 J«{ 00 J«{ 00 |« 00 J+[ 00 {00 J«{ 00 [X] 00 {00 - 00 00 |« 00 J+{ 00 |«{ 00 {00 00 0000 1.000 0.000
egamma [ 00 o[ 00 {00 J[ 00 00 |+ 00 J+[ 00 J+{ 00 00 \no\ 00 {00 00 {0 {00 J«[ 00 {00 00 0000 1.000 0.000
evhem [0 {00 { 00 J{{ 0o J<{ 00 |{ 00 |<[ 00 J<{ a0 { 00 |{ co } 00 {00 00 00 |+{ 00 J+[ 00 ]« 00 {00 on\ 0000 1.000 0.000
esigna [ 00 | 00 { 00 | 00 \uo\\on} 00 - 00 00 <[00 }{ 00 |+ 00 |00 {00 }{ 00 { 00 }{ 00 }{ 00 {00 ] oo 1m0 oo
eshesep [ 00 | 00 | 00 | 00 00 |«{ 00 |«{ 00 J=[ 00 o 00 J+{ 00 00 }{ 00 J«{ 00 }«{ 00 J«{ 00 |+ 00 00 0000 1.000 0.000
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eshsigr [00 Jo[ 00 {00 J[ 00O oHo I (oo [ a0 00 {00 00 \un’uon 00 | 0000 1.000 0.000
estt_mm  [00 {00 }{ 00 {00 0 \unuon o {60 +{a0 |« 00 {00 00} 00 }{ 00 }{ 00 |-{ 00 00] 000 1000 0000
pat irc 0 25 a-u 29630, 29E-3 ;—‘ 0 296 3u{0 29 w0 29 -Fm0 29
parameter constraints: ] t 160102 spectra: 141856 spectra:
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esh_momn  [ref* 050 40.00, rel " 2004000 |[rel*0.00-005 ret* 0.00+ 0.05 ] 16 101026y 2011  POAT281OIPNSOOT SW Thint 16 njlgseres 2062 PO4TS0IGOIPNSIOI SW it
eshsigl  [rel"008+0.00. ref*200+000] |ref*000-005 ref* 000+ 0.05] 17 1e0102/rev_2380a  PO412981701PNSI01 W Thin 17 nj18s6rey 261  POA12601401PNSI03  SW Thint
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workdie: hamekod datat legic! AMF-FITimi smwork01/ 28 160102rev_30008 PO791581101PNSI01  SW Medum 2 nf186rey_209%)  PO791580601PNSO01  SW Thint
spactral modds: 29 1e0102rev_3000¢  PO791581201PNSI01 SW Thint 29 ny186ey 075 PO727761001PNSO01  SW Thin1
160102 model- rgspn_mod_bebs_brabs, 2apec. e rasos__vi.dxom %0 160102rev_3092/  POA1298201PNSI01  SW Medum 0 nyt8serey 3162 PO727761101PNSO01  SW Thint
§1856; model-3x{1856_madel_bbodyxom 31 160102rev 3111/ POA12383301PNSI01  SW Medum 31 nft8serey RS POT27761201PNS001  SW Thint
funeion used for evauating the shapng parameters: vanew_25 2 1e0102rev 3278/ PO412383401PNSI01  SW Medum
XM reierancs revaluson. rev 2000 3 1e0102rev 3279/ PO412963501PNSI01  SW Medum
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XMM / EPIC-pn RMF and ARF parameterization

targets: 1e0102 (33) rxj1856 (31)
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XMM / EPIC-pn RMF and ARF parameterization
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0.318

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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XMM / EPIC-pn RMF and ARF parameterization
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Modelling temporal RMF changes: shaping functions
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Modelling temporal RMF changes: shaping functions

XMM / EPIC-pn RMF and ARF parameterization = Small Window Mode
targets: 1e0102 (33) rxj1856 (29) 20190312_111448
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Modelling temporal RMF changes: sample output

XMM / EPIC-pn RMF and ARF parameterization

Small Window Mode

010 015 021 02 035 044 0S5 086 080 100 12 150 174 22 270 340 420 510 620 80 1000 kev smooniness
p 1 2 3 4 5 18| 14 | 15 | 18 | @ 8 [ 19 | 20 | 21 vaue weight penalty
[[00 }{ 00 }{ 00 {60 {00 |«{ 00 Jo{ 00 ]« 00 {00 |« 00 }«[ 08 ][ 08
[to3 1.033 ) [1.033] (1033 | {1.083] (103} [1.083] [1033] 1142 o050 cose
R 7052 s 1.062 o 1,052 i 1082 o 1092 o 1082 o 1062w 1082] 0% 0200 0038
{ 0936 ju{ 0.936 ju{ 0.936 mf 0.935 jm{ 0.936 Jmf 0.9% | 0.936 w0936 0014 4000 0.055
1164 ju{ 1164 ] 1.164 Jw{ 1.164 Jw{ 1.164 j 1.164 o 1.164 [ 1.164] 0078 0200 0016
1 073 073 [073] (0783 ] [0783] (0783 [0783] [0783] o007 040 ccs0
sh_sig_| o3& | [0382 [0521] [05%] [0609 {0686 ={ 0.686 |+{ 0.686 |={ 0.685 |{ 0686 | 0.686 |«{ 0686 |{0686| 0312 020 0006
shsigr  [138] [1245) [A0%] [14%5] [1451] (1 ] [0884] [G#98] {0899 0899 | [0@s ] (059 | (0899 [08% | (0e98] [0898] o0s® 00 0014
shit_morm  [0348| 0348 | 0363 ] [0511] [0.461] 0689 034 | (0786 [0953] [1023] [1.064] [1.081] (1081 [1.081 ) [1.081) (1081 | [1.081] [1.081 | [1.081] [1081] 28&2 0010 o9
shif_siope [ -0-103 j{ -0.103 u{ 0.103 s -0.103 Juf -0.103]s nm‘-lam:--amj--mn:-o1n:)-|~nm: 0103 Ja-0.103 J-0.103 i -0.103 jmf 0.103 i -0.103 w{ -0.103 jwf-0.103 }w-0.103] ~ 0.000 0.100 0.000
esc.mom (1060 }+{ 1,060 |- 1060 |{1.000 |{ 1,000 |-{ 1.000]{ 1.060 {160 }{ 1.000 |{ 1,000 }-{ 1000 | {1000 }-{ 1.69 | { 1960 | 1.000 }-{ 1000 }-{ 1000 }-{ 160 |- 10 }-{ 1.060 [ 1.060]
egamma  [1.000 }+(1.000 J+{ 1.000 J+{ 1.000 |+{1:000 |+{ 1.000]( 1.000 J={1.000 J{ 1.000 |+ 1.000 J{ 1.000 | 1.000 }-{ 1.000 1.000 }+{ 1000 }{ 12000 }{ 1.000 }-{ 12000 }-{ 1.000 }-{1:000 |
evhern 1000 {1000 11000 |-{ 1000 {1000 }-{ 1000]{ 1090 }-{1.000 |-{ 7000 |-{ 1080 }-{ 1000 |-{ 1060 { 1090 { 1500 }-{ 1000 }-{ 160 }-{ 1600 }-{ 1090 {180 }-{ 1000 {1060
esigna (1200 |- 1200 |- 1200 }+{ 1200 {1200 }-{ 1200 12001200 }{ 1200 |- 1200 |- 1200|1200 }-{ 1200 -{ 1200 }-{ 1200 }{ 1200 }-{ 1200 |-{ 1200 { 1200 }{ 1:200 - 1200
esh_esep (1000 |- 100 |- 1000 |{ 1000 |+{ 1000 }-{ 1000]~{ T.000 J{ 1000 J{ 1-000 - 1000 - 000 |[ 1000 }-{ 1000 | 1000 [ 1:000 }-{ 1-000 }-{ 1000 }-{ 1000 ]-{ 1:000 }-{ 1-000 {160
esh_morm  [1.000 }+( 1000 J+{ 1000 }+{ 1.000 |+{1.000 |+{ 1.000]( 1.000 }={ 1:000 }+{ 1.000 |+ 1.000 J{ 1.000 | 1.000 }{ 1.000 1.000 }+{ 1000 {12000 }{ 1.000 }-{ 12000 }-{ 1.000 |-{1:000 |
esh_sig | [1:000 |+{ 1000 |-{ 1000 J+{ 1:000 |+{1:000 |+{ 1:000]{ 1-000 }={1:000 }{ 1.000 |+{ 1.000 }-{ 1:000 |+ 1:000 }{ 1.000 ][ 1:000 }{1-000 }{ 1.000 }{ 1-000 |-{ 1-000 |- 1:000 }-{ 1.000 ]~{1.000]
esh_sig_r [1.000 J+(1.000 J+{ 1.000 }+{ 1.000 }={1.000 }+{ 1.000]{ 1.000 }= 1:000 }{ 1.000 }+{ 1.000 }{ 1.000 [ 1.000 }{ 1.000 | 1.000 }«{1.000 }{ 1.000 }( 1.000 }-( 1.000 }+( 1000 }-{ 1.000 ]-{1.000]
eshi_mm  [1.000 J+[1.000 J+{ 1.000 J+{ 1.000 |»{1.000 J+{ 1.000]{ 1.000 J»[ 1.000 }{ 1.000 J+{ 1.000 J{ 1.000 |[1.000 }( 1.000 | [ 1000 }+{1.000 J»{ 1.000 }+( 1:000 }-({ 1.000 1.000][1.000]
patic  [1000] (1000 (1000 [ilbod] [iGad) (un) [Gsea) [65e) [G68] (68180 (@87 [1024] [0ssa] [0s8] (098 ) [aose] [0sm | [0se6) (0998 ] [0ma] [05%8] 0106 0100 aoto
{ Mo o5 o am A% oM OB 0% w0 0 1D 1R LM 2@ 270 30 42 K0 62 A0 0m ke smooness
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ecar [0 }«{ 00 |{ 00 J«{ 00 J=[ 00 |« 00 |=[ 00 J={ G0 J«[ 00 |« 0O J{ 00 |« 00 J{ 00 |« 00 J+[ 00 J«{ 00 J«{ GO J«{ 00 J«{ 00 |«[ 00 |«[ 00 | 00® 1000 0000
garma [ 0.004 I 0034 -nouHow}-ow}w- 0.034 0034 hnuu]-ow i 0.034 = 0.034 I 0.034 J 0.034 = 0.034 o 0.034 = 0.034 1 0.064 | 0.034 | 0.034 }w{0.034]  0.000 1.000 0.000
vherm [ 0026 |s{ 0.025 jm{ 0.026 Jm{ 0.026 jmi 0.026 jm{ 0.026 juf 0.025 mf 0.026 jmf 0.026 | 0.026 Jmu{ 0.026 jui 0.026 | 0.026 Ju 0.026 Jmf 0.026 mf 0.025 i 0.026 i 0.026 juf 0.026 w0026 0.000 1.000 0.000
sigma [ 0013 | 0.018 jmi 0.018 jm( 0.013 joi 0.018 juf 0.018 juf 0.018 Juf 0.018 Juf 0.018 | 0.018 jm( 0.018 jui 0.018 | 0.018 Ju{ 0.018 Juf 0.018 Jmf 0.013 juf 0.013 jui 0.018 juf 0.018 w0018 0.000 1.000 0.000
shesep (NI 0013 i -0.013 ju{ 0.013)m{-0.013 juf -0.013){-0.013 jm{ 0.013 i -0.013 i -0.013 juf 0.013 ) -0.013 }m{-0.013 m{-0.013 }m{-0.013 }{-0.013 }{ 0.013 }m{-0.013){ -0.013 w-0.013 }w-0.013] 0000 1.000 0.000
sh_morm 0,025 {0,025 |o{ 0.025]{-0.025 |o{ -0.025]#{-0.025 | 0.025 |o{-0.025 |{ -0.025 }{ 0.025{-0.025 | -0.025 | {-0.025 }s-0.025 }{-0.025 |n{ 0.025 }{-0.025 |o{ -0.025 }s{-0.025 } [—nmﬁ\ 0000 1.000 0.000
shsig ! [B02HI 0021 M -0.01 4 0021|0021 o -0.021 {0,021 o 0,021 {0,021 o 0021 }o 0.021 {01 {-0.021 |={-0.021 }o{-0.021 }+-0.021 o 0021 o -0.021}+{ 0.1 {0021 || 00m 1000 0000
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esc_morm [ 00 | 00 00 J«{ 00 J«{ 00 J«{ 00 |« 00 J+[ 00 {00 J«{ 00 [X] 00 {00 - 00 00 |« 00 J+{ 00 |«{ 00 {00 00 0000 1.000 0.000
egamma [ 00 o[ 00 {00 J[ 00 00 |+ 00 J+[ 00 J+{ 00 00 \no\ 00 {00 00 {0 {00 J«[ 00 {00 00 0000 1.000 0.000
evhem [0 {00 { 00 J{{ 0o J<{ 00 |{ 00 |<[ 00 J<{ a0 { 00 |{ co } 00 {00 00 00 |+{ 00 J+[ 00 ]« 00 {00 on\ 0000 1.000 0.000
esigna [ 00 | 00 { 00 | 00 \uo\\on} 00 - 00 00 <[00 }{ 00 |+ 00 |00 {00 }{ 00 { 00 }{ 00 }{ 00 {00 ] oo 1m0 oo
eshesep [ 00 | 00 | 00 | 00 00 |«{ 00 |«{ 00 J=[ 00 o 00 J+{ 00 00 }{ 00 J«{ 00 }«{ 00 J«{ 00 |+ 00 00 0000 1.000 0.000
eshomorm [ 00 [ 00 {00 }{ 00 {00 |« 00 00 {00 00 00 00 (00 }+{ a0 J«{ 00 }{ 00 00 | 0000 1.000 0.000
eshsig ! [0 {00 J+[ 00 ][ 00 ]+ 00 J+{ 00 J«{ 00 J«{ 00 |-[ 00 ] {00 J-{ 00 | 00 0000 1.000 0.000
eshsigr [00 Jo[ 00 {00 J[ 00O oHo I (oo [ a0 00 {00 00 \un’uon 00 | 0000 1.000 0.000
estt_mm  [00 {00 }{ 00 {00 0 \unuon o {60 +{a0 |« 00 {00 00} 00 }{ 00 }{ 00 |-{ 00 00] 000 1000 0000
pat irc 0 25 a-u 29630, 29E-3 ;—‘ 0 296 3u{0 29 w0 29 -Fm0 29
ol penal 0255
parameter constraints: ] t 160102 spectra: 141856 spectra:
o [ref*100-002, rel*1.004002] [ref*0.00-0.05 rel* 000+ 0.05] 1 120102vev_0375  PO135720801PNS001  SW Thint 1 n§1856vev 0427/  PO10G60101PNSO01  SW Thint
gamma [ref* 0504000, ref*200+0.00] [ref*0.00-0.05 ,ref* 000+ 0.05] 2 16010210y 0521/ POI35721101PNSO01  SW Thint zmuum 0878/ PO165971601PNS003  SW Thin1
vhemn [re1" 050+ Q.00 ref " 1.204.000] [ rel *000-0.05 ret* 000+ 0.05] 3 1e0102rev 0552 POI35721301PNSO01  SW Thint PO165971901PNS003  SW Thin
sgra [re1°0.70 4 0.0, ref " 1.304.0.00] [ ref *000-0.05 ret* 000+ 0.05] 4 160102rev 0516 POI3ST21401PNUOO2  SW Medium PO1B572001PNS03  SW Thin
sh_esep [re!*080-0.10,ref* 1.2040.10] [ref*000-0.05,rel* 0.00+ 0.05) 5 1e0102vev_0888  P0135722401PNS001  SW Thick 5 nf1856vev_1153/  P0O165972101PNS003  SW Thint
shomom  (ref*0304000,rel"2004000] |[rel*000-005 ref* 0.00+ 0.05 6 1e0102rev_1082  PO135722601PNSI01  SW Medum 6 niteserev 1259/ PO412600101PNS003  SW Thin1
snsig | [r817050-0.01 et 150+ 0.00] [ ref *0.00-005 ref* 0.00+ 0.05] 7 160102vev_1165  PO135722701PNSO01  SW Thiat 7 nj1856¢ey 1330/ POAT260Q01PNUGI2 SW Thint
shsgr  [ref®0404000.rel"2004000] |rel*000-005 ref* 0.00+ Q.05 ] 8 160102rev_1265  PO412980101PNSO01  SW Medum 8 nf1856rev 1335/ POA1S180101PNSO01  SW Thint
sl mom  (ref*0.10 4000, rel*2004000] |[rel*000-005 ref* 0.00+ 0.05 ] 9 1e0102vev_1351  PO41298Q201PNSO01 W Thin 9 njtgserev 142/ PO412600301PNS003  SW Thin1
st sbpe  [re!*100-030,rel* 1.004030) [rel*000-005 ret 0.00+ 0.05 ] 10 1e0102rev_1443/  PO412980301PNSI01 W Medum 10 n§18serev_1432 POA1260G0IPNUNZ SW Thint
escmam  [ref* 0304000, rel*5004000] [rel*000-005 . ret* 0.00+ 0.05 ] 11 160102rev_1531/  PO412980501PNSO01  SW Thin 11 ng1aserey 1513 POA12600401PNUI2 SW Thint
egamma  [ref*0.01 4000, re"2004000] [rel*000-005 ret* 0.00+ 0.05 ] 12 160102rev_1636/  POA12980701PNSI01  SW Medum 12 nj1aserey_1616/  POA12600601PNUOI2 SW Thint
evhem [re1" 0.50 + 0.00 . ref 200 +0.00] [ ref *0.00-0.05 ref* 0.00+ 0.05 ] 13 160102rev_1711/  PO412980801PNSO01 SW Thint 13 ng1gs6rey_1699  PO12600701PNS003 SW Thint
esgma [re1" 050 4+ 0.00 . rél 200 +0.00] [ réf *0.00-0.05 ref* 0.00+ 0.05 ] 14 1e0102rev_1807/  PO412980301PNSI01  SW Medum 14 nj1gS6rey 1800 POA12600801PNUGD2 SW Thint
eshessp  [ref*0804000.rel"1204000] |[rel*000-005 ref* 0.00+ 0.05 ] 15 1e0102rev_1838/  PO412981001PNSI01 W Thin 15 njlgserev_1979  POAIBOMOIPNUNZ SW Thint
esh_momn  [ref* 050 40.00, rel " 2004000 |[rel*0.00-005 ret* 0.00+ 0.05 ] 16 160102rev 2081/  POA12381401PNSO01  SW Thint 16 njl8serey 2062  POA12601301PNSO03 SW Thint
eshsigl  [rel"008+0.00. ref*200+000] |ref*000-005 ref* 000+ 0.05] 17 1e0102/rev_2380a  PO412981701PNSI01 W Thin 17 nj18s6rey 261  POA12601401PNSI03  SW Thint
eshsgr  [rel"0504000 ref*200+000] |ref"000-005 ref* 000+ 0.05] 18 1e0102rev_23800  PO412981701PNSO12 SW Medum 18 njl8serey 2165  POA12601501PNS502 SW Thint
oy (0617010 + 000 rel* 500+ 000| (ref*0.00-005 ref* 000+ 0.5 | 19 1e0102rev_2380c/  PO412981701PNSO13 SW Thick 19 nj1aserey 2429 POA1260201PNSIO3 SW Thint
parte [re1*100-0.10, ref* 1.00+0.10] [rel *0.00 +0.00, ret* 0.00 + Q.00 | 20 160102rev_2548/  P0412982101PNSI01  SW Thint 20 n{18siev_2341  PO412602301PNSI03  SW Thint
omi- . 090~ 000s 21 1e0102rev 272280 PO412362201PNSI01  SW Medum 21 nf18S6rey 25211 POT27760101PNSO01  SW Thint
:»‘: :::,g::_:’:'::,:::':g: :::ﬁgﬁz:gx 3’:: 22 160102rev 27220 POA12382301PNSO0T  SW Medum 2 n18svey 2618 PO727760201PNSO01  SW Thint
- o0 e : o 23 1e0102rev_ 2909/ PO412982501PNSI01  SW Medum 23 nfi8s6rev_2/06  POT2776W801PNSO01  SW Thint
24 160102rev 30004 POT91580701PNSI01  SW Thick 24 nfigS6rev 2794  POT27760401PNSO01  SW Thint
[ 25 10102rev_30000  POT91580801PNSI01  SW Medum 25 ny18S6vey 2897 PO727760501PNS01  SW Thint
2 1e0102rev_3000c/ POT91580901PNSI01  SW Thint 2 ny1856ey 2977 PO727760601PNS001  SW Thin1
datadic. Imomakoddala fepicRMF-FITHmeswidaa 27 160102rev_30000'  PO791581001PNS001  SW Thick 27 ny18S6ivey 2995/ PO791580301PNS01  SW Thin1
workdie: hamekod datat legic! AMF-FITimi smwork01/ 28 160102rev_30008 PO791581101PNSI01  SW Medum 2 nf186rey_209%)  PO791580601PNSO01  SW Thint
spactral modds: 29 1e0102rev_3000¢  PO791581201PNSI01 SW Thint 29 ny186ey 075 PO727761001PNSO01  SW Thin1
160102 model- rgspn_mod_bebs_brabs, 2apec. e rasos__vi.dxom %0 160102rev_3092/  POA1298201PNSI01  SW Medum 0 nyt8serey 3162 PO727761101PNSO01  SW Thint
§1856; model-3x{1856_madel_bbodyxom 31 160102rev 3111/ POA12383301PNSI01  SW Medum 31 nft8serey RS POT27761201PNS001  SW Thint
funeion used for evauating the shapng parameters: vanew_25 2 1e0102rev 3278/ PO412383401PNSI01  SW Medum
XM reierancs revaluson. rev 2000 3 1e0102rev 3279/ PO412963501PNSI01  SW Medum
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Modelling temporal RMF changes: residuals
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Modelling temporal RMF changes: sample output

XMM / EPIC-pn RMF and ARF parameterization

Small Window Mode
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Modelling temporal changes: data and models used

Data:
Models:
1E 0102:
33 observations from rev 0375 to rev 3279 1E 0102:
13 x thin, 16 x medium, 4 x thick filter IACHEC model

SW mode only, and only singles

with only 1 free parameter:
total exposure: 1.14 Ms

global normalization
processed by Frank Haberl

with xmmsas 20170330 _1731-17.0.0
using rmfgen-2.5.1, arfgen-1.93.1

+ gain fit (offset)

RX J1856:
31 observations from rev 0427 to rev 3255
all with thin filter

SW mode only, and only singles
total exposure: 2.05 Ms (no free parameter!)

processed by Frank Haberl nH==7.25e-19 cm-2
with xmmsas_20160201_1833-15.0.0 KT ==62.4 eV

using rmfgen-2.2.1, arfgen-1.92 norm ==1.58 e5
+ gain fit (offset)

RX J1856:
TBabs * bbodyrad

with all parameters from Chandra

in total: 3.2 Ms (!), time span: 15.9 years
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Residuals obtained with parameterized RMF
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Residuals obtained with parameterized RMF
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Residuals obtained with parameterized RMF
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RX J1856: new RMF highlights sporadic spectral changes
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RX J1856: major discrepancies to Chandra results with xmmsas RMF



1E 0102: Combined fit of 33 EPIC-pn spectra, r = 30“

Counts s™! kev™!

(data—model) /error
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Channel Energy (keV)

E =0.15 - 3.0 keV, extraction radius: 30 arcsec, small window mode, singles only
each spectrum fit with time dependent parameterized RMF
reduced chi2 = 1.382, chi2 = 15482, 11 206 PHA bins, 11 201 degrees of freedom




1E 0102: IACHEC model & XMM-Newton / EPIC-pn

A&A 597, A35 (2017)
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What has changed in the RMF ?
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Temporal trend in the parameterized RMF
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Composition of the parameterized RMF

01 | E=10keV
- ; SW
] singles
oot | |
: shif_rnorm il . ‘
- | shif_slope ' 4 3

aaml Ll 111
-

1

0.00001 }

3 - ' ~4

L)
| | | L | | |

0 02 04 06 08 1 12 14 16 18

channel energy [, keV*“]




Parameterized RMF from 0.40 - 1.85 keV
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Current status

With the current RMF and ARF adjustments it is now possible to fit simultaneously

the spectra of RXJ1856 and 1E0102 obtained with all three EPIC pn filters in all revolutions
in SW mode without any renormalization between the filters, and using the unmodified
Chandra LETG spectral parameters for RXJ 1856. The ARF adjustment requires only a slight
increase of the oxygen thickness (with the same value for all filters).

Current restrictions:

— only soft (< 2 keV) spectra used (to avoid complications with photon escape)
— only SW mode spectra analysed (excellent photon statistics, negligible pile-up)
— only single pixel events used (to avoid complications with split charges(

Extensions needed:

» full spectral range

» other readout modes: FF, eFF, LW, TI, BU
» double pixel events



Scientific by-product
of the RMF parameterization:

Spectral monitoring of RX J1856.5-3754 with XMM-Newton / EPIC-pn

discrepancy with Chandra LETG solved
no necessity to introduce a second black body
no obvious long-term trend

YV V VYV V

evidence for sporadic spectral changes
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