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3	observing	modes:	
•  pointing	
•  field	scan	
•  survey	



eFEDS:	a	preview	of	eRASS:8	

Credit:	H.	Brunner,	M.	Ramos-Ceja	Exposure	corrected	image	in	the	0.5	–	2.0	keV	band	



Isolated	neutron	star	PSR	B0656+14	

385	ms	pulsar,	50	ms	time	resolution	



Isolated	neutron	star	PSR	B0656+14	

385	ms	pulsar,	50	ms	time	resolution	

100	ks	exposure	à	~	1000	sources	

UHURU	all-sky	survey:	
339	sources	
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•  7	telescope	modules	(TM)	
•  54	nested	gold-coated	nickel	mirror	shells	
•  focal	length:	1600	mm	
•  field	of	view:	1	deg	diameter	
•  on-axis	HEW:	16“	



•  7	pn-CCDs	with	framestore	
•  5	CCDs	with	200	nm	Al	filter,	2	without	
•  384	x	384	pixels	of	75μm	x	75	μm	
•  50	ms	cycle	time	

•  7	filter	wheels	with	four	positions:	
	open,	closed,	55Fe	cal,	filter	

filter:	5	x	200	nm	PI,	2	x	200	nm	PI	+	100	nm	Al	

S R G



On-Axis	Effective	Area	of	eROSITA	comparable	to	XMM-Newton	



Grasp	of	eROSITA	about	5	times	higher	than	that	of	XMM-Newton	







HEW	=	16“	

HEW	=	15“	

1	px	=	9.6“	x	9.6“	
=	75	μm	x	75	μm	

10“	
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pixel	size	

using	subpixel	
information	for	all	
valid	patterns	

Al-K	
12	x	12	raster	

HEW	=	0.31	px	



1σ	error:	±	0.25“	

C-K	

Cu-K	

Al-K	

C-K	s	d	t	q	

Al-K	s	d	t	q	

Cu-K	s	d	t	q	

16“	



1.5	keV	 6.4	keV	

1	pixel	scan	takes	~	6-8	hours:	how	can	we	shorten	the	exposure	time	?	



1)  utilize	the	fact	that	the	dominant	photon	energy	is	known	
2)  analyse	the	accumulated	charges	(challenge:	MIP	suppression)	
3)  abandon	subpixel	resolution	(not	required	for	off-axis	PSF)	

200	min	exposure	 80	sec	exposure	

Spectrum	composed	of	the	reconstructed	
energies	of	all	patterns	(including	invalid	ones).	
This	spectrum	exhibits	at	least	13-fold	pile-up!	

150	x	higher	efficiency	!	 Challenge:	MIP	suppression	



3.5	s	rejected	(5.0	%)	66.7	s	accepted	(95.0	%)	

Cu-K 
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1.5	keV	





mean	positional	1σ	deviation:	20.6“	

without	geometric	
correction	



Result	of	geometrical	fit	
with	7	parameters:	
A,	B,	D,	γ,	δ,	x0,	y0	

mean	positional	1σ	deviation:	2.1“	



where	is	the	PSF	center	?	

original	resolution	 enhanced	resolution	



121	PSFs	from	scans	1	–	4,	
each	composed	of	3	energies	
	
brightest	pixel	of	all	PSFs	at	
each	energy	normalized	to	1.0	
	
transfer	function:	f(z)	=	z	0.4,	
zoomed	to	[0.0,	0.4]	

eROSITA	FoV	

selected	RGB	energies	
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121	PSFs	from	scans	1	–	4,	
each	composed	of	6	energies	
	
brightest	pixel	of	all	PSFs	at	
each	energy	normalized	to	1.0	
	
transfer	function:	f(z)	=	z	0.4,	
zoomed	to	[0.0,	0.4]	

eROSITA	FoV	

selected	RGB	energies	
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FM2,	Al-K		

after	geometry	correction	

extraction	radius:	4	arcmin	

à	vignetting	
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after	geometry	correction	

extraction	radius:	4	arcmin	

à	vignetting	

FM2,	Al-K		



vignetting	defined	here	as	
the	relative	encircled	flux	
within	r	=	4.0	arcmin	for	a	

point	source	

TM1	

derived	from	1073	PSFs	
covering	the	focal	plane	

empirical	curves	were	
determined	together	with	

the	vignetting	center	

only	assumption:	azimuthal	
symmetry	in	vignetting	



The	segments	scale	with	the	average	exposure	time	per	TM	





instrumental	energy	[„keV“]	

reconstructed	spectral	distributions	

observed	pulse	height	distribution	

analog-digital-unit	[adu]	

•  charge	splitting	over	several	pixels	
•  charge	transfer	losses	(CTI)	
•  gain	differences	between	CCD	columns	

extent	of	charge	cloud	&	75	μm	pixel	size	
à	4	pattern	types	

example:	Fe-K,	measured	with	FM4	



raw	data	

raw	data	

Reconstructing	the	spectral	distribution	requires	
•  pattern	recognition	
•  correction	for	gain	variations	between	CCD	channels	
•  correction	for	charge	transfer	loss	(CTI)	

pattern	recognition	



example:	
Fe-K,	measured	with	FM4	

Reconstructing	the	spectral	distribution	requires	
•  pattern	recognition	
•  correction	for	gain	variations	between	CCD	channels	
•  correction	for	charge	transfer	loss	(CTI)	

gain	determination	



CTI	determination	

à	CTI	=	2.1×10-5	

emission	line	determined	in	130	(adaptively	computed)	macro	pixels	
containing	a	minimum	of	30	first	singles	around	the	line	

CCD	column	240	(arbitrary	choice)	

CTI	=	2.1	x	10-5	

Reconstructing	the	spectral	distribution	requires	
•  pattern	recognition	
•  correction	for	gain	variations	between	CCD	channels	
•  correction	for	charge	transfer	loss	(CTI)	



CTI	determination	



plot	contains	
47	267	data	points	

	
each	data	point	is	
the	result	of	several	
iterative	template	fits	

example:	
Fe-K,	measured	with	
FM4	

CTI	determination	



8	calibration	
energies	

CTI	determination	



8	energies	
7	CCDs	

all	7	CCDs	calibrated	
with	3.3	billion	events	



individually	for	each	CCD	column	

CTI	 gain	



reconstructed	spectral	distribution	
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Reconstructing	the	spectral	distribution	requires	
•  pattern	recognition	
•  correction	for	gain	variations	between	CCD	channels	
•  correction	for	charge	transfer	loss	(CTI)	

FWHM	=	132.5	–	143.1	eV,	all	photons:	FWHM	=	137.8	eV	

accuracy	of	absolute	energy	scale:	±	2	eV	(±	0.03%)	

raw	data	



Energy	resolution	obtained	for	
single	pixel	events	in	comparison	
with	theoretical	limit	(dashed	curve)	



Energy	resolution	obtained	for	
single	pixel	events	in	comparison	
with	theoretical	limit	(dashed	curve)	

FWHM	~	49	eV	



Mn-K 

Al-K 
Ti-K 





Gain:	TM	4,	Al-K	 ground	calibration	



Gain:	TM	4,	Al-K	 in-orbit	calibration	



CTI:	TM	4,	Al-K	 ground	calibration	



CTI:	TM	4,	Al-K	 in-orbit	calibration	



TM1:	-83.9	C	

TM2:	-82.6	C	

TM3:	-82.3	C	

TM4:	-82.6	C	

TM5:	-81.4	C	

TM6:	-83.6	C	

TM7:	-82.4	C	
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mean	in-orbit	calibration	temperature	

ground	calibration	temperature:	-95	C	



Ti-K	Al-K	



Ti-K	



Ti-K	



(-89.9	C)	



2021	2020	 2023	2022	 2025	2024	

eROSITA	

XMM	/	EPIC-pn	





The	segments	scale	with	the	average	exposure	time	per	TM	





>	10	years	of	development	
and	>	90	Million	€	
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Baikonur,	Kazakhstan,	2019	July	13	
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detector	noise	

radiation	damage	

the	unexpected	

observing	efficiency	

filter	integrity	
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contamination	



Simultaneous	fit	to	the	10	spectra	(5	TMs	at	
2	occasions)	with	common	nH	and	C-K	edge	

depth		à	no	evidence	of	contamination	(!)	

RXJ2143:	
observed	on	

①  2019-12-02/03	
②  2020-11-25/26	
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all	events	with	PHA	>	140	adu	all	events	

SRG/eROSITA-TM5	 optical	light	leak	 10	min	time	bins	



all	events	with	PHA	>	140	adu	all	events	

SRG/eROSITA-TM7	 optical	light	leak	 10	min	time	bins	



SRG_Z	
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SRG_X	

scan	axis	



residual	offset	map	caused	by	optical	light	 after	common	mode	subtraction	 observed	event	rate	(TM7)	
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