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Parameterization	of	the	eROSITA	RMF	



input:	29	‚monochromatic‘	spectra	obtained	in	2009	(!)	with	a	prototype	CCD	at	BESSY	(Granato	2012)	
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RMFs	and	ARFs	for	eROSITA	and	XMM/EPIC-pn	
Parameterization	of	the	EPIC-pn	RMF	
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ARF:	„Ancillary	Response	File“,		RMF:	„Redistribution	Matrix	File“	
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ARF:	„Ancillary	Response	File“,		RMF:	„Redistribution	Matrix	File“	

RMF	ARF	

spectral	model	
of	1E0102	

spectral	model	
of	RXJ1856	

observed	
spectrum	of	
RXJ1856	

observed	
spectrum	of	
1E0102	

RX	J1856-3754	
(up	to	50	spectra)	

1E	0102.2-7219	
(up	to	45	spectra)	

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)	



V.	Burwitz	

RXJ	1856	

Chandra	LETGS	

à  nH	=	(7.2	+/-	0.3)	×	1019	cm-2	
kT	=	62.4	+/-	0.4	eV	
norm	=	(1.58	+/-	0.06)	x	105		
[tbabs	*	bbodyrad]	

Χ2	=	694,	ndof	=	1251	

Plucinsky	et	al.	2017	(A&A	597)	



XMM/EPIC-pn	
residuals	for	
	
1E0102	(45)	and	
RXJ1856	(50)	
	
resulting	from	
IACHEC	and	
Chandra	model	
spectra	
	
and	RMFs/ARFs	
obtained	with	
rmfgen-2.8.7	and	
arfgen-1.104	



XMM/EPIC-pn	
residuals	for	
	
1E0102	(45)	and	
RXJ1856	(50)	
	
resulting	from	
IACHEC	and	
Chandra	model	
spectra	
	
and	parameterized	
RMFs	and	ARFs	



par.	RMF	for	rev	0	

par.	RMF	for	rev	5000	

SAS	RMF	

rev	0	– rev	5000	

EPIC-pn	
E	=	1.0	keV	
rev	0	–	5000	
SW,	singles	

instrumental	energy		[‚keV‘]	



parameterized	RMF	

SAS	RMF	

EPIC-pn	
E	=	1.0	keV	
rev	0	–	5000	
SW,	singles	

instrumental	energy		[‚keV‘]	



sh_esep	
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gamma	
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vtherm	

EPIC-pn	
E	=	1.0	keV	
rev	0	–	5000	
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RMFs	and	ARFs	for	eROSITA	and	XMM/EPIC-pn	
Results	for	eROSITA	



χν2	=	1.1	

offset	=	-1	eV	

TM	3	

Method:	
	

consider	two	sources	
with	„reliable“	
spectral	models	
simultaneously:	

	
RX	J1856-3754	

&	
1E	0102.2-7219	

χν2	=	0.9	

TM	3	

χν2	=	2.2	

offset	=	+1	eV	

TM	3	

χν2	=	1.5	

TM	3	



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

à  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	

RXJ1856,	obs	1	 RXJ1856,	obs	2	

RXJ1856,	obs	3	 1E0102,	obs	1	

1E0102,	obs	2	

PG1634,	obs1	

Ø  	‚sdtq‘:	all	valid	pixel	patterns	
								(sum	of	singles,	doubles,	triples,	quadruples)	

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



preliminary	modeling:	

Al	thickness:		-12	nm		(assumed	density:	2.7	g	cm-3)	

C		thickness:		+20	nm		(assumed	density:	2.2	g	cm-3)	

	

black:	initial	ARF	

red:	modified	ARF	

from	Granato	2012	



RXJ1856	
TM8,	all	valid	patterns	

χr2	=	2.49	

best-fit	spectrum	with	
Ø  unmodified	RMF	
Ø  unmodified	ARF	
(both	from	ground	calibration)	



RXJ1856	
TM8,	all	valid	patterns	

χr2	=	1.59	

best-fit	spectrum	with	
Ø  unmodified	RMF	
Ø  				modified	ARF*	
(both	from	ground	calibration)	

*Al	layer	reduced	by	≈12	nm		
				C	layer	increased	by	≈20	nm	



best-fit	spectrum	with	
Ø  				modified	RMF	
Ø  				modified	ARF*	
(both	from	ground	calibration)	

*Al	layer	reduced	by	≈12	nm		
				C	layer	increased	by	≈20	nm	

RXJ1856	
TM8,	all	valid	patterns	

χr2	=	1.35	



à	test	with	PG	1634+706	



ARF	correction	factor	applied:	

from	(unmodified!)	
ground	calibration	

(except	for	small	Al-K	edge)	

modification	can	be	
physically	justified	

just	for	empirical	test,	
no	physical	justification	
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ARF	used	

ARF	used	

χν2	=	1.35	

χν2	=	1.25	

powerlaw	slope	=	1.67	

powerlaw	slope	=	1.58	



unmodified
ARF	correction	factor	applied	

unmodified	1°	FoV	

40	ks	

40	ks	

40	ks	

40	ks	

40	ks	



unmodified modified
ARF	correction	factor	applied	

ARF	correction	factor	applied	

unmodified	

modified	

1°	FoV	

40	ks	

40	ks	

40	ks	

40	ks	

40	ks	

1°	FoV	

40	ks	

40	ks	

40	ks	

40	ks	

40	ks	



XMM	

1°	FoV	

40	ks	

40	ks	

40	ks	

40	ks	

40	ks	

unmodified modified
ARF	correction	factor	applied	

ARF	correction	factor	applied	

unmodified	

modified	

1°	FoV	

40	ks	

40	ks	

40	ks	

40	ks	

40	ks	

XMM	





0852980301	
with	default	ARF	

χν2	=	64.66	/	69	
PhoIndex	=	1.627	±	0.046	
norm	=	2.74e-4	±	0.08e-4	

χν2	=	64.69	/	69	
PhoIndex	=	1.629	±	0.046	
norm	=	2.75e-4	±	0.08e-4	

with	‚Nustar‘	ARF	

E	=	1.0	–	4.8	keV		(to	minimize	possible	complications	due	to	nh	or	bg)	



obs	0852980301	

default	ARF	and	
‚Nustar‘	ARF	overlaid:	
no	visible	difference!	

selected	energy	range:	
1.0	–	4.8	keV	

à	difference	between	
default	and	‚Nustar‘	ARFs	
not	relevant	for	eROSITA!	
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unmodified

ARF	correction	factor	applied	

ARF	correction	factor	applied	

unmodified	

modified	

modified

XMM	

XMM	



5	x	40	ks	=	200	ks	eROSITA	+	2	x	20	ks	=	40	ks	XMM	observations	
of	PG	1634	exhibit	only	marginal	differences	within	E	=	1.0	–	4.6	keV,	
while	above	5	keV	eROSITA	sees	essentially	only	instrumental	background	
	
Ø  how	does	this	agree	with	the	≈	5σ	difference	found	

in	galaxy	cluster	temperatures	?	

K.	Migkas	

eRASS1	
5	–	10	keV	

unmodified How	significant	is	the	„high	energy	issue“	?	



à	scientifically	more	‚reasonable‘	results	with	reduced	ARF	above	2.3	keV	..	

ü  PG1634	
ü  η	Car	
ü  cluster	temperatures	

ARF	correction	
factor	applied	

à	would	such	a	reduction	of	
						the	ARF	be	compatible	
						with	PANTER	measurements	?	

modification	at	low	energies:	

Al	thickness:		-12	nm		(assumed	density:	2.7	g	cm-3)	

C		thickness:		+20	nm		(assumed	density:	2.2	g	cm-3)	

..	but	considerable	modification	required	



ARFs	measured	at	PANTER	
	



ARFs	measured	at	PANTER	
	
ARF	from	ray-tracing	,	computed	for	perfect	optics	
(curve	never	used!)	



ARFs	measured	at	PANTER	
	
ARF	from	ray-tracing	,	computed	for	perfect	optics	
(curve	never	used!)	
	
ARF	which	we	are	using	in	eSASS	
	
ARF	which	would	improve	results	for	
²  PG	1634	
²  η	Car	
²  galaxy	clusters	(tbc)	
	
correction	function	applied	
	



ARFs	measured	at	PANTER	
	
ARF	from	ray-tracing	,	computed	for	perfect	optics	
(curve	never	used!)	
	
ARF	which	we	are	using	in	eSASS	
	
ARF	which	would	improve	results	for	
²  PG	1634	
²  η	Car	
²  galaxy	clusters	(tbc)	
	
correction	function	which	would	need	to	be	applied	
	



ARF	which	we	are	using	in	eSASS	

Chandreyee	Maitra	/	MPE	

0.5	–	2.0	keV	
SRG/eROSITA	

3	–	10	keV	
SRG/eROSITA	

c030	processing	

c020	processing	

c030,	using	
Ø  new	RMF	
Ø  new	ARF	

with	unmodified	
HE	sensitivity	

0.5	–	2.0	keV	
XMM/EPIC-pn	

3	–	10	keV	
XMM/EPIC-pn	



improved	ARF	?	

Chandreyee	Maitra	/	MPE	

0.5	–	2.0	keV	
SRG/eROSITA	

3	–	10	keV	
SRG/eROSITA	

c030	processing	

c020	processing	

c030,	using	
Ø  new	RMF	
Ø  new	ARF	

with	reduced	
HE	sensitivity	

0.5	–	2.0	keV	
XMM/EPIC-pn	

3	–	10	keV	
XMM/EPIC-pn	



?	
Ø  detailed	and	critical	review	of	PANTER	measurements	going	on	

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

Ø  detailed	and	critical	review	of	astrophysical	observations	also	needed	

²  PG	1634	
²  η	Car	
²  galaxy	clusters		

²  SN	1987A	
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