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The Athena  Observa tory
( 1  l a r g e  m i r r o r  t i l t i ng  o n  2  F P  c o m p l e m e nt a r y  i n s t r um e nt s )

L2 orbit Ariane 64
Mass < 7000 kg
Power 2500 W
4 years mission

X-ray Integral Field Unit:
ΔE: 2.5 eV
Field of View: 5 arcmin
Operating temp: 50 mk

Wide Field Imager:
ΔE: 125 eV
Field of View: 40 arcmin
High countrate capability

Silicon Pore Optics:
1.5 m2 at 1 keV
5 arcsec HEW (6”@R<20’)
Focal length: 12 m
Sensitivity: 3 10-17 erg cm-2 s-1

Meidinger et al. 2017 arXiv:1702.01079
Barret et al., 2018 arXiv: 1807.06092

Willingale et al, 2018

Launch ~2031, Hexapod switch mechanism, Ariane 6.4, L2 (TBC)



100	x	ASTRO-H

1000	x	
XMM-Newton

A  “ th r ee- D ”  La r g e X- r a y  O b ser v a tor y  
f o r  th e E n er g et i c  Un i v er se

Key performance parameters for the Energetic Universe: 
survey speed, weak line sensitivity (and bright sources capabilities) and ToO capabilities

Throughput/Line SensitivitySurvey Speed/grasp

A fantastic machine to discover, repoint, and understand 
the physics of the Energetic Universe
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‣ Weak%line%sensi,vity%of%Athena/X1IFU%compared%to%XRISM/Resolve.%

Weak% line% sensi,vity% scales% like% the% square% root% of% the% effec,ve%

area%divided%by%the%spectral%resolu,on

‣ Effec,ve%area%of%Athena/X1IFU%compared%to%current%or%near%

future% X1ray% imaging% spectrometers% in% the% 0.2—12% keV%

energy%range.
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Athena TOO capabi l i ty  on  GRBs  

100 x ASTRO-
H 

1000 x  
XMM-Newton 

The  f i r s t  Deep Un iverse  X- ray  Observato ry  

Athena has vastly improved capabilities compared to current or planned facilities, and 
will impact on virtually all areas of astrophysics 

X-ray spectroscopy at the peak  
of the activity of the Universe 

Deep survey capability into the dark  
ages and epoch of reionization 

Line Sensitivity 

Survey Speed 

ToO capabilities



SWG2.X:	
~150	members
~20-40	members/TP

The	SWG2	and	The	Energetic	Universe	 Science	Case	
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The	Energetic	Universe	- Core	Science

SWG2.1	Formation	and	growth	
of	earliest	SMBH	
(J.	Aird,	A.	Comastri)

SWG2.2	Understanding	the	
buildup	of	SMBHs	and	galaxies
(F.J.	Carrera,	A.	Georgakakis,	Y.	Ueda)

SWG2.3	Feedback	in	local	AGN	and	
star	formation	galaxies	
(G.	Ponti,	A.	Ptak,	Y.	Terashima)

SWG2.4	Close	environments	of	SMBHs
(M.	Dovciak,	G.	Matt,	G.	Miniutti)

SWG2.5	Physics	of	accretion
(C.	Done,	 J.	Miller,	C.	Motch)

SWG2.6	Luminous	extragalactic	
transients
(P.	Jonker,	P.	O’Brien)
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R-SCIOBJ-131	
Physics	of	cluster	
feedback	

Athena	shall	measure	the	energy	stored	dynamically	and	thermally	in	
the	hot	gas	around	the	bubbles	in	a	statistical	sample	of	clusters,	
selected	to	cover	a	range	in	jet	power,	by	achieving	a	5σ	detection	of	
bulk	motion	and	turbulence	induced	through	AGN	feedback	and	allow	
measurements	of	the	spatially-resolved	velocity	structure	in	the	best-
studied	systems.	
	

Statistical	sample	of	25	objects	is	
designed	to	cover	a	range	in	central	
AGN	jet	power,	with	a	tiered	strategy	
allowing	spatially	resolved	studies	of	
the	velocity	structure	in	the	feedback	
region	with	the	deepest	observations,	
and	at	least	a	single	detection	of	
velocity	structure	otherwise.	
			

R-SCIOBJ-132	
Feedback-induced	
cluster	ripples	

Athena	shall	determine	the	occurrence	and	impact	of	AGN	feedback	
phenomena	by	searching	for	ripples	in	surface	brightness	in	the	inner	
5	arc-minutes	of	a	statistical	sample	of	clusters,	selected	by	central	
AGN	power.	

Detection	of	ripples	in	cluster	gas	
created	by	AGN	jet	activity,	in	a	
statistical	sample	of	25	clusters.	

R-SCIOBJ-133	
Heating/cooling	
balance	in	cluster	
feedback	

Athena	shall	determine	the	gas	that	fuels	the	AGN	jet	to	balance	the	gas	
cooling	rate	by	measuring	how	much	gas	is	at	each	temperature	in	
cluster	cores	using	temperature-sensitive	line	ratios	in	a	
representative	sample	of	nearby	clusters.	

Heating-cooling	balance	in	hot	gas	of	
10	cluster	cooling	cores.	

R-SCIOBJ-134	
Shock	speeds	of	radio	
lobes	in	clusters	

Athena	shall	determine	the	shock	speeds	of	expanding	radio	lobes	in	a	
representative	sample	of	nearby	powerful	(FRII)	radio	galaxies	by	
distinguishing	the	gas	temperature	in	shocked	and	undisturbed	
regions	to	>3σ	level,	to	determine	the	population-wide	impact	and	
evolution	of	jet	feedback	in	poor	environments.	
	

Shock	speeds	of	expanding	radio	lobes	
in	10	clusters	around	radio	galaxies	
for	2	source	size	and	2	radio	power	
bins2.	

R-SCIOBJ-141	
Missing	Baryons	

Athena	shall	measure	the	local	cosmological	baryon	density	in	the	
WHIM	to	better	than	10%	and	constrain	structure	formation	models	in	
the	low-density	regime	by	measuring	the	redshift	distribution	and	
physical	parameters	of	200	filaments	against	bright	background	
sources,	selected	to	probe	various	cosmic	densities;	and	by	performing	
a	statistical	analysis	of	the	emission	lines	of	heavy	elements	in	a	
representative	sky	region	and	high-probability	targets.		

Detect	200	WHIM	filaments	in	
absorption,	100	towards	BLLacs	and	
100	towards	bright	GRB	afterglows	to	
sample	the	WHIM	up	to	z=1.		

R-SCIOBJ-142	
WHIM	in	emission	

Athena	shall	detect	WHIM	filaments	in	emission	associated	to	
absorption	detected	against	7	GRBs,	after	they	faded	away,	as	well	as	2	
filaments.	

Detect	emission	of	WHIM	filaments	
associated	with	systems	detected	in	
absorption	detected	against	7	GRB	
afterglows.	Determine	metal	
abundances	from	emission	lines	in	
filaments	along	2	selected	regions	
(A222	and	COSMOS).	

Energetic	Universe	

		 		
R-SCIOBJ-211	
High	redshift	SMBH	

Athena	shall	determine	the	nature	of	the	seeds	of	the	earliest	growing	
SMBH	(z>6),	characterize	the	processes	that	dominated	their	early	
growth	and	investigate	the	influence	of	accreting	SMBH	on	the	
formation	of	galaxies.	Populate	the	LX-z	plane	at	high	redshift,	
specifically:	identify	>160	AGN	at	z>6.		

Detect	10	AGN	with	1043.0	<	Lx<1043.5	
erg/s	at	z=6-7	and	10	AGN	with1044.0	
<	Lx<1044.5	erg/s	at	z=7-8.	Constrain	
SMBH	seeds.	

                                                
 
 
 
 
 
2	The	178	MHz	radio	luminosity	is	5	1024	–	1027	WHz-1sr-1	with	a	boundary	of	3	1025	WHz-1sr-1	and	the	range	in	the	source	size	is	50	–	1000	
kpc	with	a	boundary	at	350	kpc	giving	equal	numbers	(but	this	will	be	updated	based	on	future	surveys)	
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R-SCIOBJ-221	
Complete	AGN	census	

Athena	shall	determine	the	accretion	energy	density	in	the	Universe,	
by	measuring	the	X-ray	luminosity	function	and	obscuration	properties	
of	the	AGN	population	with	at	least	10	Compton	thick	AGN	per	
luminosity	bin	(0.5dex)	and	redshift	bins	(Δz=1)	up	to	redshift	z~3.	

Spectral	characterization	of	at	least	10	
Compton-Thick	AGN	with	
1044.4<Lx<1044.9	erg/s	per	unit	z	at	
z~3.	Map	obscured	AGN/galaxy	co-
evolution.		

R-SCIOBJ-222	
Census	of	AGN	
outflows	at	z=1-3	

Athena	shall	determine	the	incidence	of	strong	and	ionized	absorbers,	
implying	the	presence	of	outflows,	among	the	population	of	luminous	
AGN	from	z=1	to	z=3.	

Detect	at	least	10	warm	absorbers	in	
AGN	with	1044<Lx<1044.5	at	z=1-3.	

R-SCIOBJ-223	
Mechanical	energy	of	
AGN	outflows	at	z=1-
3	

Athena	shall	measure	the	mechanical	energy	of	moderately	ionized	
outflows	in	LX>L*	AGN	at	z=1-3.0,	spanning	a	broad	range	of	column	
densities	and	ionization	parameters.	

Measure	the	mechanical	energy	of	
outflows	in	luminous	AGN	at	z=1-3,	10	
per	2	luminosity	bins	and	per	2	
redshift	bins	of	Δz=1.	

R-SCIOBJ-224	
Ultra-fast	outflows	at	
z=1-4	

Athena	shall	determine	the	incidence,	duty	cycle	and	energetics	of	
transient	Ultra-Fast	Outflows	(UFOs)	in	QSOs	from	z=1	to	z=4.	

Frequency	and	mechanical	energy	of	
UFOs	at	z=1-4.	

R-SCIOBJ-231	
AGN	outflows	in	local	
Universe	

Athena	shall	measure	the	kinetic	energy	in	nearby	AGN	outflows	and	
understand	how	accretion	disks	around	SMBH	launch	winds	and	
outflows.	

Wind	energetics	in	25	nearby	AGN	out	
of	70.	Wind	launch	physics	from	time	
resolved	spectroscopy	of	10	AGN.	
	

R-SCIOBJ-232	
Feedback	in	local	
AGN	and	star	forming	
galaxies	

Athena	shall	test	stellar	feedback	models	(particularly	starburst	super	
winds)	and	their	dependence	on	galactic	parameters	such	as	star-
formation	rate,	galaxy	type	and	morphology,	and	star	formation	
history,	as	well	as	the	presence	of	a	low-luminosity	AGN	
	

Gas,	metal	and	energy	output	from	
AGN	and	Starbursts	in	10	Starburst	
and	(U)LIRGs.	

R-SCIOBJ-241	
AGN	reverberation	
mapping	

Athena	shall	determine	the	geometry	of	the	hot	corona-accretion	disk	
system	and	constrain	the	origin	of	the	hot	corona	in	AGN.	

Reverberation	mapping	of	4	bright	
local	AGN	with	established	lags.	

R-SCIOBJ-242	
AGN	spin	census	

Athena	shall	determine	the	SMBH	spin	distribution	in	the	local	
Universe	as	a	probe	of	the	growth	process	(mergers	versus	accretion,	
chaotic	versus	standard	accretion).	

Spin	distribution	(histogram)	of	25	
nearby	SMBH.	

R-SCIOBJ-251	
GBH	and	NS	spins	
and	winds	

Athena	shall	observe	10	stellar-mass	black	holes	and	10	neutron	stars	
X-ray	binaries	in	order	to	measure	black	hole	spins,	constrain	neutron	
star	radii,	detect	winds	and	outflows,	and	study	the	accretion	disk	and	
coronal	physics.		

(a)	Measure	spins	of	10	Galactic	BHs	
and	10	NS	through	various	methods	
and	probe	their	accretion	geometry	
and	jet	properties	through	
reverberation	mapping.		
	
(b)	Measure	winds	in	the	same	10			
Galactic	BHs	and	10	NS.	
	

R-SCIOBJ-252	
Black	hole	accretion	
at	the	highest	and	
lowest	rate	

Athena	shall	observe	25	ULXs	(high	accretion	rates)	in	order	to	
understand	the	geometries	that	enable	super-Eddington	accretion,	and	
sub-population	within	the	ULX	class.	Athena	shall	observe	SgrA*	(low	
accretion	rate)	in	the	longest	continuous	segment	possible	in	order	to	
obtain	an	excellent	spectrum	of	the	quiescent	flux	level	and	to	
maximize	the	chance	of	catching	a	flare	event	for	comparison	
	

Accretion	properties	25	ULX	spanning	
the	39<log(Lx)<41	range,	accurate	
determination	of	the	SgrA*	quiescent	
flux.	

R-SCIOBJ-261	
High	z	GRBs	
	
	
	
	
	
	

Athena	shall	probe	the	first	generation	of	stars,	the	formation	of	the	
first	black	holes,	the	dissemination	of	the	first	metals	and	the	
primordial	IMF.	Determine	the	elemental	abundances	of	the	medium	
around	high-z	GRBs	by	deriving	relative	elemental	abundances	
distinctive	of	primeval	(Pop	III)	explosions	versus	evolved	stellar	
populations	in	the	spectrum	of	GRB	afterglows.	

Probe	ISM	of	z>7	galaxies	by	ToO	
observations	of	25	GRB	afterglows.	

R-SCIOBJ-262	
TDEs	

Athena	shall	study	the	nature	of	stellar	disruption	and	the	subsequent	
surge	in	accretion	onto	SMBHs	during	TDEs	in	order	to	probe	the	
dynamics	of	tidal	shearing	in	the	proximity	of	the	event	horizon,	
characterize	the	orbital	and	physical	evolution	of	the	debris,	probe	the	
likelihood	of	disruption	for	a	given	stellar	population,	and	gain	insight	
into	the	effects	of	rapid	accretion	rate	changes	in	AGN	systems.	

Probe	5	TDEs	by	ToO	observations.	
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into	the	effects	of	rapid	accretion	rate	changes	in	AGN	systems.	

Probe	5	TDEs	by	ToO	observations.	

+Brusa
+Lusso

+Tombesi
+Panessa

+D’Elia
+Stratta

+DeMarco
+Rozanska
+Grinberg

+Fabbiano



The	Survey
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R-SCIOBJ-131	
Physics	of	cluster	
feedback	

Athena	shall	measure	the	energy	stored	dynamically	and	thermally	in	
the	hot	gas	around	the	bubbles	in	a	statistical	sample	of	clusters,	
selected	to	cover	a	range	in	jet	power,	by	achieving	a	5σ	detection	of	
bulk	motion	and	turbulence	induced	through	AGN	feedback	and	allow	
measurements	of	the	spatially-resolved	velocity	structure	in	the	best-
studied	systems.	
	

Statistical	sample	of	25	objects	is	
designed	to	cover	a	range	in	central	
AGN	jet	power,	with	a	tiered	strategy	
allowing	spatially	resolved	studies	of	
the	velocity	structure	in	the	feedback	
region	with	the	deepest	observations,	
and	at	least	a	single	detection	of	
velocity	structure	otherwise.	
			

R-SCIOBJ-132	
Feedback-induced	
cluster	ripples	

Athena	shall	determine	the	occurrence	and	impact	of	AGN	feedback	
phenomena	by	searching	for	ripples	in	surface	brightness	in	the	inner	
5	arc-minutes	of	a	statistical	sample	of	clusters,	selected	by	central	
AGN	power.	

Detection	of	ripples	in	cluster	gas	
created	by	AGN	jet	activity,	in	a	
statistical	sample	of	25	clusters.	

R-SCIOBJ-133	
Heating/cooling	
balance	in	cluster	
feedback	

Athena	shall	determine	the	gas	that	fuels	the	AGN	jet	to	balance	the	gas	
cooling	rate	by	measuring	how	much	gas	is	at	each	temperature	in	
cluster	cores	using	temperature-sensitive	line	ratios	in	a	
representative	sample	of	nearby	clusters.	

Heating-cooling	balance	in	hot	gas	of	
10	cluster	cooling	cores.	

R-SCIOBJ-134	
Shock	speeds	of	radio	
lobes	in	clusters	

Athena	shall	determine	the	shock	speeds	of	expanding	radio	lobes	in	a	
representative	sample	of	nearby	powerful	(FRII)	radio	galaxies	by	
distinguishing	the	gas	temperature	in	shocked	and	undisturbed	
regions	to	>3σ	level,	to	determine	the	population-wide	impact	and	
evolution	of	jet	feedback	in	poor	environments.	
	

Shock	speeds	of	expanding	radio	lobes	
in	10	clusters	around	radio	galaxies	
for	2	source	size	and	2	radio	power	
bins2.	

R-SCIOBJ-141	
Missing	Baryons	

Athena	shall	measure	the	local	cosmological	baryon	density	in	the	
WHIM	to	better	than	10%	and	constrain	structure	formation	models	in	
the	low-density	regime	by	measuring	the	redshift	distribution	and	
physical	parameters	of	200	filaments	against	bright	background	
sources,	selected	to	probe	various	cosmic	densities;	and	by	performing	
a	statistical	analysis	of	the	emission	lines	of	heavy	elements	in	a	
representative	sky	region	and	high-probability	targets.		

Detect	200	WHIM	filaments	in	
absorption,	100	towards	BLLacs	and	
100	towards	bright	GRB	afterglows	to	
sample	the	WHIM	up	to	z=1.		

R-SCIOBJ-142	
WHIM	in	emission	

Athena	shall	detect	WHIM	filaments	in	emission	associated	to	
absorption	detected	against	7	GRBs,	after	they	faded	away,	as	well	as	2	
filaments.	

Detect	emission	of	WHIM	filaments	
associated	with	systems	detected	in	
absorption	detected	against	7	GRB	
afterglows.	Determine	metal	
abundances	from	emission	lines	in	
filaments	along	2	selected	regions	
(A222	and	COSMOS).	

Energetic	Universe	

		 		
R-SCIOBJ-211	
High	redshift	SMBH	

Athena	shall	determine	the	nature	of	the	seeds	of	the	earliest	growing	
SMBH	(z>6),	characterize	the	processes	that	dominated	their	early	
growth	and	investigate	the	influence	of	accreting	SMBH	on	the	
formation	of	galaxies.	Populate	the	LX-z	plane	at	high	redshift,	
specifically:	identify	>160	AGN	at	z>6.		

Detect	10	AGN	with	1043.0	<	Lx<1043.5	
erg/s	at	z=6-7	and	10	AGN	with1044.0	
<	Lx<1044.5	erg/s	at	z=7-8.	Constrain	
SMBH	seeds.	

                                                
 
 
 
 
 
2	The	178	MHz	radio	luminosity	is	5	1024	–	1027	WHz-1sr-1	with	a	boundary	of	3	1025	WHz-1sr-1	and	the	range	in	the	source	size	is	50	–	1000	
kpc	with	a	boundary	at	350	kpc	giving	equal	numbers	(but	this	will	be	updated	based	on	future	surveys)	
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R-SCIOBJ-221	
Complete	AGN	census	

Athena	shall	determine	the	accretion	energy	density	in	the	Universe,	
by	measuring	the	X-ray	luminosity	function	and	obscuration	properties	
of	the	AGN	population	with	at	least	10	Compton	thick	AGN	per	
luminosity	bin	(0.5dex)	and	redshift	bins	(Δz=1)	up	to	redshift	z~3.	

Spectral	characterization	of	at	least	10	
Compton-Thick	AGN	with	
1044.4<Lx<1044.9	erg/s	per	unit	z	at	
z~3.	Map	obscured	AGN/galaxy	co-
evolution.		

R-SCIOBJ-222	
Census	of	AGN	
outflows	at	z=1-3	

Athena	shall	determine	the	incidence	of	strong	and	ionized	absorbers,	
implying	the	presence	of	outflows,	among	the	population	of	luminous	
AGN	from	z=1	to	z=3.	

Detect	at	least	10	warm	absorbers	in	
AGN	with	1044<Lx<1044.5	at	z=1-3.	

R-SCIOBJ-223	
Mechanical	energy	of	
AGN	outflows	at	z=1-
3	

Athena	shall	measure	the	mechanical	energy	of	moderately	ionized	
outflows	in	LX>L*	AGN	at	z=1-3.0,	spanning	a	broad	range	of	column	
densities	and	ionization	parameters.	

Measure	the	mechanical	energy	of	
outflows	in	luminous	AGN	at	z=1-3,	10	
per	2	luminosity	bins	and	per	2	
redshift	bins	of	Δz=1.	

R-SCIOBJ-224	
Ultra-fast	outflows	at	
z=1-4	

Athena	shall	determine	the	incidence,	duty	cycle	and	energetics	of	
transient	Ultra-Fast	Outflows	(UFOs)	in	QSOs	from	z=1	to	z=4.	

Frequency	and	mechanical	energy	of	
UFOs	at	z=1-4.	

R-SCIOBJ-231	
AGN	outflows	in	local	
Universe	

Athena	shall	measure	the	kinetic	energy	in	nearby	AGN	outflows	and	
understand	how	accretion	disks	around	SMBH	launch	winds	and	
outflows.	

Wind	energetics	in	25	nearby	AGN	out	
of	70.	Wind	launch	physics	from	time	
resolved	spectroscopy	of	10	AGN.	
	

R-SCIOBJ-232	
Feedback	in	local	
AGN	and	star	forming	
galaxies	

Athena	shall	test	stellar	feedback	models	(particularly	starburst	super	
winds)	and	their	dependence	on	galactic	parameters	such	as	star-
formation	rate,	galaxy	type	and	morphology,	and	star	formation	
history,	as	well	as	the	presence	of	a	low-luminosity	AGN	
	

Gas,	metal	and	energy	output	from	
AGN	and	Starbursts	in	10	Starburst	
and	(U)LIRGs.	

R-SCIOBJ-241	
AGN	reverberation	
mapping	

Athena	shall	determine	the	geometry	of	the	hot	corona-accretion	disk	
system	and	constrain	the	origin	of	the	hot	corona	in	AGN.	

Reverberation	mapping	of	4	bright	
local	AGN	with	established	lags.	

R-SCIOBJ-242	
AGN	spin	census	

Athena	shall	determine	the	SMBH	spin	distribution	in	the	local	
Universe	as	a	probe	of	the	growth	process	(mergers	versus	accretion,	
chaotic	versus	standard	accretion).	

Spin	distribution	(histogram)	of	25	
nearby	SMBH.	

R-SCIOBJ-251	
GBH	and	NS	spins	
and	winds	

Athena	shall	observe	10	stellar-mass	black	holes	and	10	neutron	stars	
X-ray	binaries	in	order	to	measure	black	hole	spins,	constrain	neutron	
star	radii,	detect	winds	and	outflows,	and	study	the	accretion	disk	and	
coronal	physics.		

(a)	Measure	spins	of	10	Galactic	BHs	
and	10	NS	through	various	methods	
and	probe	their	accretion	geometry	
and	jet	properties	through	
reverberation	mapping.		
	
(b)	Measure	winds	in	the	same	10			
Galactic	BHs	and	10	NS.	
	

R-SCIOBJ-252	
Black	hole	accretion	
at	the	highest	and	
lowest	rate	

Athena	shall	observe	25	ULXs	(high	accretion	rates)	in	order	to	
understand	the	geometries	that	enable	super-Eddington	accretion,	and	
sub-population	within	the	ULX	class.	Athena	shall	observe	SgrA*	(low	
accretion	rate)	in	the	longest	continuous	segment	possible	in	order	to	
obtain	an	excellent	spectrum	of	the	quiescent	flux	level	and	to	
maximize	the	chance	of	catching	a	flare	event	for	comparison	
	

Accretion	properties	25	ULX	spanning	
the	39<log(Lx)<41	range,	accurate	
determination	of	the	SgrA*	quiescent	
flux.	

R-SCIOBJ-261	
High	z	GRBs	
	
	
	
	
	
	

Athena	shall	probe	the	first	generation	of	stars,	the	formation	of	the	
first	black	holes,	the	dissemination	of	the	first	metals	and	the	
primordial	IMF.	Determine	the	elemental	abundances	of	the	medium	
around	high-z	GRBs	by	deriving	relative	elemental	abundances	
distinctive	of	primeval	(Pop	III)	explosions	versus	evolved	stellar	
populations	in	the	spectrum	of	GRB	afterglows.	

Probe	ISM	of	z>7	galaxies	by	ToO	
observations	of	25	GRB	afterglows.	

R-SCIOBJ-262	
TDEs	

Athena	shall	study	the	nature	of	stellar	disruption	and	the	subsequent	
surge	in	accretion	onto	SMBHs	during	TDEs	in	order	to	probe	the	
dynamics	of	tidal	shearing	in	the	proximity	of	the	event	horizon,	
characterize	the	orbital	and	physical	evolution	of	the	debris,	probe	the	
likelihood	of	disruption	for	a	given	stellar	population,	and	gain	insight	
into	the	effects	of	rapid	accretion	rate	changes	in	AGN	systems.	

Probe	5	TDEs	by	ToO	observations.	

- Constrain SMBH seeds
- Complete AGN census (in particular CT AGN up to z~3)
- Census of QSO WA/UFOs up to z~3



The Survey

Athena Deep Field

- Constrain SMBH seeds
- Complete AGN census (in particular CT AGN up to z~3)
- Census of QSO WA/UFOs up to z~3

The  Energet ic  Un iverse  

How much black hole accretion occurs in the most obscured environments?  
How does this relate to the evolution of the host galaxy 

How do black holes grow and shape the Universe? 

        SciObj-211: Detect at least

  Aim1:   10 AGN  z=6-7 @L
X
=43-43.5 erg/s → Flim 2.4×10-17  over 2.4 deg2 

  Aim1b: 10 AGN  z=7-8 @L
X
=43.5-44 erg/s → Flim 1.3×10-16  over 27.4 deg2

Athena-WFI survey

Aird, Comastri+13

“Exploring the Hot and Energetic Universe”                                                                                            Palermo, 24-27 September 2018
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R-SCIOBJ-221	
Complete	AGN	census	

Athena	shall	determine	the	accretion	energy	density	in	the	Universe,	
by	measuring	the	X-ray	luminosity	function	and	obscuration	properties	
of	the	AGN	population	with	at	least	10	Compton	thick	AGN	per	
luminosity	bin	(0.5dex)	and	redshift	bins	(Δz=1)	up	to	redshift	z~3.	

Spectral	characterization	of	at	least	10	
Compton-Thick	AGN	with	
1044.4<Lx<1044.9	erg/s	per	unit	z	at	
z~3.	Map	obscured	AGN/galaxy	co-
evolution.		

R-SCIOBJ-222	
Census	of	AGN	
outflows	at	z=1-3	

Athena	shall	determine	the	incidence	of	strong	and	ionized	absorbers,	
implying	the	presence	of	outflows,	among	the	population	of	luminous	
AGN	from	z=1	to	z=3.	

Detect	at	least	10	warm	absorbers	in	
AGN	with	1044<Lx<1044.5	at	z=1-3.	

R-SCIOBJ-223	
Mechanical	energy	of	
AGN	outflows	at	z=1-
3	

Athena	shall	measure	the	mechanical	energy	of	moderately	ionized	
outflows	in	LX>L*	AGN	at	z=1-3.0,	spanning	a	broad	range	of	column	
densities	and	ionization	parameters.	

Measure	the	mechanical	energy	of	
outflows	in	luminous	AGN	at	z=1-3,	10	
per	2	luminosity	bins	and	per	2	
redshift	bins	of	Δz=1.	

R-SCIOBJ-224	
Ultra-fast	outflows	at	
z=1-4	

Athena	shall	determine	the	incidence,	duty	cycle	and	energetics	of	
transient	Ultra-Fast	Outflows	(UFOs)	in	QSOs	from	z=1	to	z=4.	

Frequency	and	mechanical	energy	of	
UFOs	at	z=1-4.	

R-SCIOBJ-231	
AGN	outflows	in	local	
Universe	

Athena	shall	measure	the	kinetic	energy	in	nearby	AGN	outflows	and	
understand	how	accretion	disks	around	SMBH	launch	winds	and	
outflows.	

Wind	energetics	in	25	nearby	AGN	out	
of	70.	Wind	launch	physics	from	time	
resolved	spectroscopy	of	10	AGN.	
	

R-SCIOBJ-232	
Feedback	in	local	
AGN	and	star	forming	
galaxies	

Athena	shall	test	stellar	feedback	models	(particularly	starburst	super	
winds)	and	their	dependence	on	galactic	parameters	such	as	star-
formation	rate,	galaxy	type	and	morphology,	and	star	formation	
history,	as	well	as	the	presence	of	a	low-luminosity	AGN	
	

Gas,	metal	and	energy	output	from	
AGN	and	Starbursts	in	10	Starburst	
and	(U)LIRGs.	

R-SCIOBJ-241	
AGN	reverberation	
mapping	

Athena	shall	determine	the	geometry	of	the	hot	corona-accretion	disk	
system	and	constrain	the	origin	of	the	hot	corona	in	AGN.	

Reverberation	mapping	of	4	bright	
local	AGN	with	established	lags.	

R-SCIOBJ-242	
AGN	spin	census	

Athena	shall	determine	the	SMBH	spin	distribution	in	the	local	
Universe	as	a	probe	of	the	growth	process	(mergers	versus	accretion,	
chaotic	versus	standard	accretion).	

Spin	distribution	(histogram)	of	25	
nearby	SMBH.	

R-SCIOBJ-251	
GBH	and	NS	spins	
and	winds	

Athena	shall	observe	10	stellar-mass	black	holes	and	10	neutron	stars	
X-ray	binaries	in	order	to	measure	black	hole	spins,	constrain	neutron	
star	radii,	detect	winds	and	outflows,	and	study	the	accretion	disk	and	
coronal	physics.		

(a)	Measure	spins	of	10	Galactic	BHs	
and	10	NS	through	various	methods	
and	probe	their	accretion	geometry	
and	jet	properties	through	
reverberation	mapping.		
	
(b)	Measure	winds	in	the	same	10			
Galactic	BHs	and	10	NS.	
	

R-SCIOBJ-252	
Black	hole	accretion	
at	the	highest	and	
lowest	rate	

Athena	shall	observe	25	ULXs	(high	accretion	rates)	in	order	to	
understand	the	geometries	that	enable	super-Eddington	accretion,	and	
sub-population	within	the	ULX	class.	Athena	shall	observe	SgrA*	(low	
accretion	rate)	in	the	longest	continuous	segment	possible	in	order	to	
obtain	an	excellent	spectrum	of	the	quiescent	flux	level	and	to	
maximize	the	chance	of	catching	a	flare	event	for	comparison	
	

Accretion	properties	25	ULX	spanning	
the	39<log(Lx)<41	range,	accurate	
determination	of	the	SgrA*	quiescent	
flux.	

R-SCIOBJ-261	
High	z	GRBs	
	
	
	
	
	
	

Athena	shall	probe	the	first	generation	of	stars,	the	formation	of	the	
first	black	holes,	the	dissemination	of	the	first	metals	and	the	
primordial	IMF.	Determine	the	elemental	abundances	of	the	medium	
around	high-z	GRBs	by	deriving	relative	elemental	abundances	
distinctive	of	primeval	(Pop	III)	explosions	versus	evolved	stellar	
populations	in	the	spectrum	of	GRB	afterglows.	

Probe	ISM	of	z>7	galaxies	by	ToO	
observations	of	25	GRB	afterglows.	

R-SCIOBJ-262	
TDEs	

Athena	shall	study	the	nature	of	stellar	disruption	and	the	subsequent	
surge	in	accretion	onto	SMBHs	during	TDEs	in	order	to	probe	the	
dynamics	of	tidal	shearing	in	the	proximity	of	the	event	horizon,	
characterize	the	orbital	and	physical	evolution	of	the	debris,	probe	the	
likelihood	of	disruption	for	a	given	stellar	population,	and	gain	insight	
into	the	effects	of	rapid	accretion	rate	changes	in	AGN	systems.	

Probe	5	TDEs	by	ToO	observations.	

- AGN and QSOs outflows census and physics
- Nearby AGN spin measurements
- GBH/NSs outflows and spins



A G N  O u t f l ow s  i n  th e l oca l  Un i v er se -
Cosm i c f eed b a ck a n d  th e or i g i n  o f  BH  w i n d s  

How do black holes launch winds and outflows?
How much energy do they carry out to larger scales?

See Brusa, Tombesi and Panessa’s next talks

Wagner et al., 2012
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X-rays	probe	the	fastest	(~0.1-0.3c)	and	most	
energetic	(� v3)	phases	of	the	outflows.	
Characterization	of	this	highly	ionized	and	variable	
component	 is	needed	on	the	dynamical	timescale	at	
few	Rs to	constrain	its	origin,	acceleration	and	
formation	mechanism.

AGN	outflows	in	the	local	Universe:	Understanding	the	
acceleration	mechanism	and	energetics	of	disk	winds
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Warm	and	hot	
fast	outflow	(vout≈0.2c)
ΔT<50	ks

Only	X-rays	probe	the	highest	energy	outflows,	need	X-IFU	with	high	effective	area	to	
probe	fast	outflows	on	the	wind	launching	regions	(few	tens	ks)
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AGN	outflows	in	the	local	Universe:	Understanding	the	
acceleration	mechanism	and	energetics	of	disk	winds



AGN sp in  deta i led (spectra l )  
measurements

The Close Environments of SMBHs 
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2.2. Measuring the  spins of black holes  

Black holes are characterized by only two parameters, their mass and their spin. A proper census of the black holes in 
the Universe therefore requires the measurements of both parameters. Measuring the spins of the SMBHs in a sizeable 
number of AGN is not only interesting per se, it is also of fundamental importance to understanding the black hole 
growth history in the local Universe (Berti & Volonteri 2008), particularly the relative roles of mergers vs. prolonged 
and chaotic gas accretion (Fig. 5). However, while the mass influences its environment up to relatively large radii (the 
sphere of influence is of the order of a few parsecs for a black hole of 10 million solar masses), the influence of the spin 
is felt only up to a few gravitational radii. Therefore, measurements of black hole spin in the electromagnetic domain 
can be best done in X-rays. The simplest and most widely applicable way of measuring BH spin is via time-averaged 
spectral fitting of relativistic iron Kα lines (Fabian et al. 2000), which are present in at least ~30–40% of all AGN 
(Nandra et al. 2007, De la Calle Perez et al. 2010). The prevalence of these lines demonstrates that they are a natural 
consequence of accretion onto compact objects, and estimates of BH spin have already been made in a few AGN (e.g. 
Brenneman & Reynolds 2006, Brenneman et al. 2011, Risaliti et al. 2013, Walton et al. 2013). As already mentioned, 
the iron line is always accompanied by a reflection continuum in hard X-rays and, if the matter is at least partly ionized, 
also in the soft X-rays. With its large effective area over a broad energy range, Athena+ will permit the simultaneous use 
of the iron line and the soft X-ray reflection continuum to measure black hole spins. Moreover, its excellent energy 
resolution will easily separate the broad from the narrow components, which are ubiquitous in AGN and originate 
from more distant matter (Yaqoob & Padmanabhan 2004; see Fig. 4). 

The very large effective area of Athena+ will also allow measurements of black hole spins in sources well beyond the 
local Universe. As an example, a maximally rotating black hole spin in PB5062, a luminous (Lx ~ 3x1046 cgs) QSO at 
z=1.77 (from the CAIXA catalog, Bianchi et al. 2009) can be recovered with a precision of 20% in a 100 ks 
observation. Even if the number of sources for which such measurements can be performed is necessarily limited, it will 
be possible to put interesting constraints on the spins of the black holes at intermediate redshifts. 

 

 
 

Figure 4: Simulated Athena+/X-IFU 150 ks iron line profile corresponding to a low spin (a=0) and high spin (a=0.998) black 
holes, superposed on the narrow emission feature at 6.4 keV emitted from a distant reflector (such as a molecular torus), plus 
ionized absorption from a wind (Fexxv at ~ 6.6 keV). The flux of the source is ~ 10-11 cgs, typical of a moderately bright AGN. The 
disk inclination is 40º, the equivalent widths of the lines are 100 and 200 eV for the broad and narrow components, respectively, 
and a moderately thick and highly ionized wind were used for the simulations. Athena+/X-IFU will easily separate any narrow 
features from those produced by strong gravity. 
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Figure 5: Spin as a probe of supermassive black hole growth history. The distribution of black hole spins in the local Universe 
depends on whether they have accumulated their mass predominantly via mergers, steady accretion or chaotic accretion. The 
theoretical expectations for each SMBH growth scenario (dotted histograms) is shown (Berti & Volonteri 2008) and compared to 
simulated Athena+ measurements (solid histograms), accounting realistically for all observational errors and spectral complexities. 
The plot is made in the assumption that 50% of the brightest Seyfert 1 galaxies in the sky have a reflection component 
relativistically distorted (De la Calle Perez et al. 2010). Mean exposure time per source is 100 ks. 
 

 
Figure 6: Left: Snapshot from a time-dependent Magneto-Hydrodynamic (MHD) simulation of an accretion disk around a BH 
(Armitage & Reynolds 2003). Rings and hotspots of emission are seen due to turbulence, the emission from which should be 
modulated on the orbital timescale. Right: Because the features are variable in both flux and energy, the disk can be mapped out in 
the time-energy plane. The first hints of this behaviour have been seen in XMM-Newton data (Iwasawa et al 2004, upper panel), 
but the improvement in throughput and especially in energy resolution offered by Athena+ are needed to sample weaker and 
narrower features on suborbital timescales, allowing us to map out the inner accretion flow. In the lower panel the simulation with 
Athena+/X-IFU is shown, assuming a black hole mass of 3x107 solar masses, a 2–10 keV flux of 5x10-11 cgs and a disk inclination of 
20º. 

Athena+ will also be able to map the inner regions of the accretion disks in the time-energy plane. Any deviation from 
axial symmetry in the disk emissivity (e.g. associated with turbulence and/or the formation of hot spots) will lead to a 
characteristic variability of the iron line (Dovciak et al. 2004), with “arcs” being traced out on the time-energy plane 
(Armitage & Reynolds, see Fig. 6). Evidence of hot spots is found in XMM-Newton data (Iwawasa et al. 2004, De 

Credits:	G.	Miniutti and	SWG2.4
Will	solve	spectral	 degeneracies	 due	to	intervening	
complex	absorption,	allowing	robust	spin	
measurements	 on	10s	of	nearby	AGN	



AGN reverbera tion (t iming) 
measurements
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Figure 2: Left upper panel: expected time lags (1–4 keV against 0.3–1 keV) as a function of frequency with Athena+ for 1H0707-
495 (exposure time as in the XMM observation, i.e. 500 ks). The red region is the 1σ contour with XMM. While positive lags 
below 0.001 Hz are likely due to perturbations in the disk, negative lags at high frequencies (i.e. small time scales) measure the 
light-crossing time required by the primary X-ray photons to reach the disk, and therefore the average distance between the two 
regions. Note that structures at frequencies larger than 0.01 Hz, which are inaccessible with XMM-Newton, can also be studied. 
Right upper panel: the raw coherence function for XMM (red) and Athena+ (black). The drop due to Poisson noise is shifted to 
higher frequencies, which allows detection of lags in a much broader frequency range. Left lower panel: the expected time lags vs. 
frequency with Athena+ for the Seyfert galaxy IC4329A, using the XMM parameters as inputs. In XMM the detection was not 
significant (see the red region, representing the XMM 1σ contour). Right lower panel: the expected time lag vs. energy for 1H0707-
495 with Athena+ 30 ks short observation compared to 1.3Ms long XMM observation. The full line profile will clearly emerge in 
the observed energy dependence of lags. The lag spectrum will then complement the photon spectrum allowing for an 
unambiguous decomposition into the various emitting components. 

 
Figure 3: Left: a set of transfer functions used to simulate the time lags shown in the right panel. Each function corresponds to a 
different geometry of the emitting corona. The sharper the tail, the more compact the illuminating region. Right: the resulting time 
lags vs. frequency (disk perturbations dominating at low frequencies are not simulated). Athena+ has the ability to distinguish 
between different transfer functions, and hence different geometries of the disc-corona system. 
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higher frequencies, which allows detection of lags in a much broader frequency range. Left lower panel: the expected time lags vs. 
frequency with Athena+ for the Seyfert galaxy IC4329A, using the XMM parameters as inputs. In XMM the detection was not 
significant (see the red region, representing the XMM 1σ contour). Right lower panel: the expected time lag vs. energy for 1H0707-
495 with Athena+ 30 ks short observation compared to 1.3Ms long XMM observation. The full line profile will clearly emerge in 
the observed energy dependence of lags. The lag spectrum will then complement the photon spectrum allowing for an 
unambiguous decomposition into the various emitting components. 

 
Figure 3: Left: a set of transfer functions used to simulate the time lags shown in the right panel. Each function corresponds to a 
different geometry of the emitting corona. The sharper the tail, the more compact the illuminating region. Right: the resulting time 
lags vs. frequency (disk perturbations dominating at low frequencies are not simulated). Athena+ has the ability to distinguish 
between different transfer functions, and hence different geometries of the disc-corona system. 

Credits:	B.	DeMarco	
and	SWG2.4	
(see	her	talk,	next)
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G BHS  a n d  N S s sp i n s  a n d  w i n d s !

One	example	for	all:	Winds	 in	XRBs,	even	when	in	outburst	(up	to	~Crab)

Ubiquitous equatorial accretion disc winds L13

Figure 2. Left-hand panel: HLD of the high-inclination (dipping) LMXBs studied and of all the low-inclination (non-dipping) LMXBs. Right-hand panel:
high-inclination (dipping) sources show Fe XXVI absorption every time they are in the soft state and upper limits in the hard states. In low-inclination (non-
dipping) LMXBs, the Fe XXVI absorption line is never detected. We interpret these as due to a ubiquitous equatorial disc wind associated with soft states only.
We note that high-inclination sources tend to show a more triangular HLD, while the low-inclination sources exhibit a boxy one.

population of sources which are close to edge-on. Fig. 2 (left-hand
panel) shows the HLD of all the high-inclination LMXBs and
reports the measured Fe XXVI absorption-line EW. These sources
show clear evidence for a high-ionization disc wind (vout ∼
102.5−3.5 km s−1) during all 30 observations in the soft state.1

On the other hand, whenever these sources are observed in the
hard X-ray state, they show only upper limits. We, in fact, observe
stringent upper limits for 16 out of 17 observations and just one
detection of a weak wind quasi-contemporaneous with a weak jet
(Lee et al. 2002; Neilsen & Lee 2009). This demonstrates that for
this set of sources, the presence of the disc wind is deeply linked to
the source state. In particular, the wind is present during spectrally
soft states, when the jet emission is strongly quenched.

The right-hand panel of Fig. 2 shows the HLD for the non-
dipping LMXBs, GX 339-4, XTE J1817−330, 4U 1957+115, XTE
J1650−500 and GRS 1758−258, which have accretion discs which
are inclined more face-on to the observer. None of these source has
a detection of a highly ionized wind in any state. Several spectra
have a signal-to-noise ratio good enough to measure upper limits
as small as a few eV, even during the soft state. For this reason, we
confidently state that these sources do not present the signatures of
highly ionized Fe K winds.2

This difference in behaviour can be easily understood if both the
high- and low-inclination sources have the same wind present in
soft states and absent in the hard states, but the wind is concentrated
in the plane of the disc; thus, our line of sight intercepts the wind
only in high-inclination sources. If this idea is correct, we expect
that deeper observations of low-inclination sources may reveal the

1 One observation of GRS 1915+105 with lower luminosity and Compton
temperature does not show any Fe XXVI but only Fe XXV absorption, thus
suggesting the importance of ionization effects.
2 The majority of the low-energy absorption lines detected in these LMXBs
(Miller et al. 2004) are consistent with being produced by the interstellar
medium (Juett et al. 2004; 2006; Nowak et al. 2008). Most of the remaining
structures are consistent with being at rest, thus unlikely associated with the
Fe K wind (Juett et al. 2006).

presence of the wind through the detection of weak ionized emission
lines.

Is it theoretically plausible for the disc winds to have a strong
angular dependence? Indirect evidence for an angular dependence
of the wind in GBH was already inferred from the lack of emission
lines associated with the X-ray absorption lines (Lee et al. 2002;
Miller et al. 2006b). This suggests that the wind subtends a small
fraction of 4π sr. Moreover, disc wind models and magnetohydro-
dynamic simulations predict a strong angular dependence of the
wind (Begelman et al. 1983a,b; Melia et al. 1991; 1992; Woods
et al. 1996; Proga et al. 2002; Luketic et al. 2010). In fact, if the
disc wind is produced by X-ray irradiation (i.e. Compton heating,
line driving), it is expected to be stronger in edge-on sources simply
because once the material is lifted from the disc, it will experi-
ence an asymmetric push from the radiation field of the central
source. Flattened disc winds have also been assumed to explain the
winds of broad absorption-line QSO and other AGN outflows (e.g.
Emmering et al. 1992; Murray et al. 1995; Elvis 2000).

4 IO N I Z ATI O N EF F E C T S

The strong connection between winds and source states requires
an explanation. Ueda et al. (2010), during oscillating X-ray states
of GRS 1915+105, observe the ionization parameter of the wind
to vary with the source luminosity, suggesting the importance of
ionization. Can an overionization effect explain the disappearance
of the wind during hard states? If the absorber is in the form of
‘static’ clouds with approximately constant density n and distance
R from the ionizing source and assuming that the spectral shape
changes have a minor impact on the ionization state of the wind,
then the absorber ionization parameter ξ will be directly related to
the source luminosity:3 ξ = L/nR2. The left-hand panel of Fig. 2
shows that at the same luminosity, the winds are present in the soft
but not in hard states (see also Lee et al. 2002; Miller et al. 2006b;

3 Where L has been computed as the integral of the disc emission (in the
0.001–100 keV band) plus the power law (1–100 keV) one.

C⃝ 2012 The Authors, MNRAS 422, L11–L15
Monthly Notices of the Royal Astronomical Society C⃝ 2012 RAS

Ponti et	al.	2011
Ponti et	al.	2018
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Figure 1. Chandra+NuSTAR spectra of MXB 1659-298, accumulated on
2016-04-21. The black, red, green and blue points show the MEG, HEG,
FPMA and FPMB mean spectra, respectively. As is typical for the soft state,
the spectra are best fitted with an absorbed disk black-body, a black-body
and a Comptonisation component (Ponti et al. in prep). Additionally, more
than 60 absorption lines are detected, signatures of an additional ionised
absorption component (the strongest Ly↵ lines detected are indicated, as
well as the Fe XXV line). The inset shows a zoom into the Si XIV Ly↵ line.

cating a neutron star primary (Lewin et al. 1976; Galloway et al.
2008). It is a high inclination system, showing dipping and eclips-
ing events, with an orbital period of Porb = 7.1 hr and an eclipse
duration of ⇡900 s (Cominsky 1984; Jain et al 2017; Iaria al 2018).

The optical counterpart of MXB 1659-298 was found to have
V ⇠ 18 during outburst (Doxsey et al. 1979) and to display or-
bital brightness variations as well as narrow eclipses (Wachter et
al. 2000). The optical spectrum during outbursts is rather typical
for a LMXB, with a blue continuum, He II and Bowen blend emis-
sion but no spectral features from the donor (Canizares et al. 1980;
Shahbaz et al. 1996). During quiescence, MXB 1659-298 is very
faint with V > 23 (Cominsky et al. 1983), R = 23.6 ± 0.4 and
I = 22.1 ± 0.3 (Filippenko et al. 1999; Wachter et al. 2000). As-
suming a reddening of EB�V = 0.3 (van Paradijs & McClintock
1995) and based on the observed (R � I)0 = 1.2 and the empir-
ical period-mass relation, Wachter et al. (2000) suggested that the
companion star is an early K to early M main sequence star.

MXB 1659-298 started a new outburst on August 2015 (Ne-
goro et al. 2015). LMXB observed at high inclination, such as
MXB 1659-298, are known to display strong ionised absorption
during the soft state, associated with an equatorial wind or the disc
atmosphere (Diaz-Trigo et al. 2006; Ponti et al. 2012). Therefore,
in order to perform the first high energy resolution study of the
ionised absorber in MXB 1659-298, we triggered Chandra and si-
multaneous NuSTAR observations.

2 ANALYSIS

The NuSTAR (Harrison et al. 2013) observation (obsid
90201017002) started on 2016-04-21 at 14:41:08 UT. The
data were reduced with the standard nupipeline scripts v. 0.4.5 and
the high level products produced with the nuproducts tool. The
Chandra spectra (obsid 17858 on 2016-04-21 13:44:43 UT) and
response matrices have been produced with the CHANDRA REPRO
task, combining the positive and negative first orders. The light
curve was extracted with the DMEXTRACT task. Bursts were
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Figure 2. First order Chandra HETG light curves of MXB 1659-298 (14.9 s
time bins). Intense dipping activity (light grey) is observed, primarily before
the two eclipses (dark grey). Thirteen bursts are also observed (affected by
pile up at the burst peaks). The grey dotted vertical lines indicate the inter-
vals used for the phase resolved study, while the solid lines at the bottom
indicate the occurrence time of the bursts.

singled out by visually inspecting the Chandra and NuSTAR light
curves and selecting intervals of enhanced emission (typically
lasting ⇡ 100� 200 s; Fig. 2).

Figure 1 shows the mean Chandra and NuSTAR spectra. As
hoped, we caught the source during the soft state. The simultaneous
spectra show, in addition to the typical soft state continuum, an
array of more than 60 absorption lines. The absorption lines are due
to highly ionised plasma (Ponti et al. in prep). The strongest lines
are labeled in Fig. 1 and they correspond to the Ly↵ transitions
(as well as the Fe XXV line) of the most abundant elements. The
broad band continuum can be fit by the sum of a disk black-body
(kTDBB ⇡ 1.1� 1.5 keV), black-body (kTBB ⇡ 2.5� 3.0 keV)
and a Comptonisation component, all absorbed by neutral material
(NH⇡1.5� 2.1⇥1021 cm�2; for more details Ponti et al. in prep).

Figure 2 shows the first order Chandra light curve. Two
eclipses are detected, preceded by intense dipping activity. By fit-
ting the eclipse transitions, we determined the eclipse center with
an accuracy of seconds (Porb=25.618 ks, consistent with previ-
ous results; Jain et al. 2017; Iaria et al. 2018). We first divided the
dataset into intervals of 3659.7 s, so that 7 intervals cover an en-
tire orbital period. The start of the first interval is chosen so that
it begins just after the end of the eclipse (see grey dotted lines in
Fig. 2; we define as phase 0 the eclipse center). We then removed
the periods affected by bursts and eclipses. This resulted in a shorter
cleaned exposure for the 7th interval, because of the presence of the
eclipses. We then extracted the HEG and MEG first order spectra
corresponding to the first intervals after the eclipses (accumulating
the spectra over both orbital periods), and so forth.

3 PHASE DEPENDENT ABSORPTION VARIATIONS

We started by simultaneously fitting the HEG and MEG spec-
tra within a narrow energy band (��/� ⇡ 0.06) centred on the
absorption feature under consideration. We applied this process
for the four strongest soft absorption lines: Mg XII Ly↵ (�0 =
8.4210 Å); Si XIV Ly↵ (6.1822); S XVI Ly↵ (4.7292) and Ar XVIII

c� 0000 RAS, MNRAS 000, 1–??
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defocusing option in addition to the optimised SPA/LPA array? 
 
As noted above, defocusing by a few cm spreads the counts over ~arcmin scales. Figure 1 shows 
the shape of the on-axis PSF when the telescope is out of focus by 10-40 mm. Note that on the 
Athena focal plane 1mm=17.2 arcsec.  
 
On the baseline array (pixel pitch = 249 µm or 4.21”, 5 µm pixel gaps), a point source centred at the 
optical axis with a defocused telescope produces an increasingly larger fraction of high-grade 
events as shown in Figure 2.  
 

The goal of being able to observe a 10 mCrab 
(1000 counts per second) point source with 80% 
throughput of high resolution events can 
therefore be achieved by a very modest amount 
of defocusing ~10 mm (red curve). This is the 
requirement that flows down from Athena 
level1 R-SCIOBJ-241 objective of detecting 
WHIM filaments against bright GRB 
afterglows, observed as ToOs.  
 
Figure 2 also shows that defocusing the 
telescope on the baseline single-pixel size 
(LPA1) X-IFU array for up to 40 mm would 
enable observing a point source as bright as 1 
Crab, with 50% throughput in high-grade 
events. Note that processing power limitations 
for high-grade events are not considered here, 
but may be the ultimate factor.  

 
Therefore it appears that having the capability to defocus a few cm would enable observations of 

bright point sources with similar throughput for 
high-grade events as those delivered by the SPA 
in a hybrid array configuration.  However, we 
must point out that the hybrid array brings in 
additional performances that defocusing cannot 
meet. In particular, the expectation that the SPA 
could deliver better energy resolution (in the 
range of 1.5-2.0 eV) should be pursued, 
independent on the performance at high-count 
rates. Key Athena level2a science requirements 
related to spectral lines (like weak line 
sensitivity) depend on spectral resolution times 
throughput times effective area, and the required 
values are at the limit of the capabilities of the 
Athena mission as proposed. An improvement in 
the energy spectral resolution could potentially 
offset a decrease in effective area, rendering these 
Athena science requirements more robust.  

Figure 2. Throughput for high-grade events for a point 
source in the baseline configuration 

 
Figure 3. Throughput for high-grade events for a 
point source in the hybrid SPA/LPA2 configuration. 

EXTP	Conference	-	Roma	-	Feb.	6-8th,	2017

- Athena	Core	science	goal:	«	Athena	shall	measure	black	hole	spins	of	Galactic	
Black	 Holes	 (GBH)	 and	 Neutron	 Stars	 (NS)	 to	 provide	 insight	 into	 black	 hole	
birth	 events	 (GRBs	 and/or	 SN)	 that	 set	 stellar-mass	 black	 hole	 spins,	 and	 to	
study	the	relationship	between	accretion	and	outDlows	(winds	and	jets).	»		
- Measure	spins	of	10	GBH	and	10	NS	through	various	methods	and	probe	their	accretion	
geometry	and	jet	properties	through	reverberation	mapping	

- Measure	winds	in	the	same	10	GBH	and	10	NS	through	absorption	line	spectroscopy

Driver	for	high	count	rate	capabilities

1	Crab	=	90	000	-	100	000	cps	(depending	on	detector)
WFI	(fast	chip	defocussed) X-IFU	(TES	array	defocussed)
80%	(2-10	keV)	throughput		
170	eV	spectral	resolution	
<1%	pile-up

30%	(2-10	keV)	throughput	(tbc)		
<30	eV	spectral	resolution	
<1%	pile-up
10

50



Hexapod to switch instrument, but also to defocus! (if needed)
N.B:	1	Crab	~	100000	cps

à à

Made	possible	now	also	with	X-IFU	(defocused	mode)
Hexapod

à

EXTP	Conference	-	Roma	-	Feb.	6-8th,	2017

X-IFU	fast	count	rate	capabilities	

High resolution events - 35 mm
High + Mid + Low resolution events - 35 mm

High resolution event (goal)
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1 INTRODUCTION 
 
1.1 Scope of the document 
 
During the Athena industrial Phase-A studies it has become clear that the preferred instrument 
exchange mechanism is a Movable Mirror Assembly (MMA) rather than a Movable Instrument 
Platform (MIP), possibly because the motions involved are much shorter in the former case. It is 
then likely that the Athena mirror assembly will be mounted on a hexapod, that after each tilt a re-
focus may be required and that this will automatically open the possibility of defocusing the 
telescope on the corresponding instrument by up to ~30mm (this figure was indicated at the ASST 
meeting #8 on 2/3 December 2015). If the telescope is a few cm out of focus, the image of a point 
source spreads over an area of ~1 arcmin or more on the instrument. For bright sources this can be 
used to limit the count rate that each pixel receives and in the case of the X-IFU this results in 
higher throughput for high-resolution events. These potential advantages of defocusing on the 
baseline (single pixel size) array and on the hybrid array are presented.  
 
Partly motivated by the presence of significant chip gaps in the WFI, the option of dithering during 
Athena observations has also been considered. A 2D Lissajous pattern with an amplitude from 5 to 
300 arcsec is part of the current requirements for the Phase A industrial studies. The gaps between 
pixels in the X-IFU (and between the SPA and the LPA in the hybrid array) are expected to be 
much smaller than the pixels, and therefore dithering would not be needed to smooth the on-sky 
exposure. However, dithering can be useful for other purposes in certain type of observations, and 
this is considered here. 
 
This TN captures the discussion that took place in an X-IFU Science Team telecon on 23.10.2015 
[RD1], based on a preliminary assessment on the science impact of defocusing and dithering [RD2]. 
Input on the effects of defocusing was provided through simulations by the e2e team [RD3]. 
 
1.2 Structure of the document 
 
Section 2 presents the scientific assessment of the effects of Athena telescope defocusing when 
using the X-IFU, both in the baseline array configuration and in the hybrid array configuration. 
Section 3 discusses a number of occasions where 
dithering on the X-IFU could be beneficial, and a 
rough order of magnitude of its amplitude. It also 
notes cases where dithering would be detrimental. 
Section 4 summarises the conclusions.  
 
2 DEFOCUSING 
 
This section addresses two questions: 
 

o Can de-focussing be an alternative to the 
optimised SPA/LPA array and deliver the 
same performance? 

o What will be the scientific gain to have a 

 
Figure 1. PSF as a function of defocus distance 
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The	Transients/ToO energetic	Universe

- GRBs and High-z GRBs
- TDEs
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R-SCIOBJ-221	
Complete	AGN	census	

Athena	shall	determine	the	accretion	energy	density	in	the	Universe,	
by	measuring	the	X-ray	luminosity	function	and	obscuration	properties	
of	the	AGN	population	with	at	least	10	Compton	thick	AGN	per	
luminosity	bin	(0.5dex)	and	redshift	bins	(Δz=1)	up	to	redshift	z~3.	

Spectral	characterization	of	at	least	10	
Compton-Thick	AGN	with	
1044.4<Lx<1044.9	erg/s	per	unit	z	at	
z~3.	Map	obscured	AGN/galaxy	co-
evolution.		

R-SCIOBJ-222	
Census	of	AGN	
outflows	at	z=1-3	

Athena	shall	determine	the	incidence	of	strong	and	ionized	absorbers,	
implying	the	presence	of	outflows,	among	the	population	of	luminous	
AGN	from	z=1	to	z=3.	

Detect	at	least	10	warm	absorbers	in	
AGN	with	1044<Lx<1044.5	at	z=1-3.	

R-SCIOBJ-223	
Mechanical	energy	of	
AGN	outflows	at	z=1-
3	

Athena	shall	measure	the	mechanical	energy	of	moderately	ionized	
outflows	in	LX>L*	AGN	at	z=1-3.0,	spanning	a	broad	range	of	column	
densities	and	ionization	parameters.	

Measure	the	mechanical	energy	of	
outflows	in	luminous	AGN	at	z=1-3,	10	
per	2	luminosity	bins	and	per	2	
redshift	bins	of	Δz=1.	

R-SCIOBJ-224	
Ultra-fast	outflows	at	
z=1-4	

Athena	shall	determine	the	incidence,	duty	cycle	and	energetics	of	
transient	Ultra-Fast	Outflows	(UFOs)	in	QSOs	from	z=1	to	z=4.	

Frequency	and	mechanical	energy	of	
UFOs	at	z=1-4.	

R-SCIOBJ-231	
AGN	outflows	in	local	
Universe	

Athena	shall	measure	the	kinetic	energy	in	nearby	AGN	outflows	and	
understand	how	accretion	disks	around	SMBH	launch	winds	and	
outflows.	

Wind	energetics	in	25	nearby	AGN	out	
of	70.	Wind	launch	physics	from	time	
resolved	spectroscopy	of	10	AGN.	
	

R-SCIOBJ-232	
Feedback	in	local	
AGN	and	star	forming	
galaxies	

Athena	shall	test	stellar	feedback	models	(particularly	starburst	super	
winds)	and	their	dependence	on	galactic	parameters	such	as	star-
formation	rate,	galaxy	type	and	morphology,	and	star	formation	
history,	as	well	as	the	presence	of	a	low-luminosity	AGN	
	

Gas,	metal	and	energy	output	from	
AGN	and	Starbursts	in	10	Starburst	
and	(U)LIRGs.	

R-SCIOBJ-241	
AGN	reverberation	
mapping	

Athena	shall	determine	the	geometry	of	the	hot	corona-accretion	disk	
system	and	constrain	the	origin	of	the	hot	corona	in	AGN.	

Reverberation	mapping	of	4	bright	
local	AGN	with	established	lags.	

R-SCIOBJ-242	
AGN	spin	census	

Athena	shall	determine	the	SMBH	spin	distribution	in	the	local	
Universe	as	a	probe	of	the	growth	process	(mergers	versus	accretion,	
chaotic	versus	standard	accretion).	

Spin	distribution	(histogram)	of	25	
nearby	SMBH.	

R-SCIOBJ-251	
GBH	and	NS	spins	
and	winds	

Athena	shall	observe	10	stellar-mass	black	holes	and	10	neutron	stars	
X-ray	binaries	in	order	to	measure	black	hole	spins,	constrain	neutron	
star	radii,	detect	winds	and	outflows,	and	study	the	accretion	disk	and	
coronal	physics.		

(a)	Measure	spins	of	10	Galactic	BHs	
and	10	NS	through	various	methods	
and	probe	their	accretion	geometry	
and	jet	properties	through	
reverberation	mapping.		
	
(b)	Measure	winds	in	the	same	10			
Galactic	BHs	and	10	NS.	
	

R-SCIOBJ-252	
Black	hole	accretion	
at	the	highest	and	
lowest	rate	

Athena	shall	observe	25	ULXs	(high	accretion	rates)	in	order	to	
understand	the	geometries	that	enable	super-Eddington	accretion,	and	
sub-population	within	the	ULX	class.	Athena	shall	observe	SgrA*	(low	
accretion	rate)	in	the	longest	continuous	segment	possible	in	order	to	
obtain	an	excellent	spectrum	of	the	quiescent	flux	level	and	to	
maximize	the	chance	of	catching	a	flare	event	for	comparison	
	

Accretion	properties	25	ULX	spanning	
the	39<log(Lx)<41	range,	accurate	
determination	of	the	SgrA*	quiescent	
flux.	

R-SCIOBJ-261	
High	z	GRBs	
	
	
	
	
	
	

Athena	shall	probe	the	first	generation	of	stars,	the	formation	of	the	
first	black	holes,	the	dissemination	of	the	first	metals	and	the	
primordial	IMF.	Determine	the	elemental	abundances	of	the	medium	
around	high-z	GRBs	by	deriving	relative	elemental	abundances	
distinctive	of	primeval	(Pop	III)	explosions	versus	evolved	stellar	
populations	in	the	spectrum	of	GRB	afterglows.	

Probe	ISM	of	z>7	galaxies	by	ToO	
observations	of	25	GRB	afterglows.	

R-SCIOBJ-262	
TDEs	

Athena	shall	study	the	nature	of	stellar	disruption	and	the	subsequent	
surge	in	accretion	onto	SMBHs	during	TDEs	in	order	to	probe	the	
dynamics	of	tidal	shearing	in	the	proximity	of	the	event	horizon,	
characterize	the	orbital	and	physical	evolution	of	the	debris,	probe	the	
likelihood	of	disruption	for	a	given	stellar	population,	and	gain	insight	
into	the	effects	of	rapid	accretion	rate	changes	in	AGN	systems.	

Probe	5	TDEs	by	ToO	observations.	



“Transient/Unknown sources”:
-GRBs (X-IFU) up to z~10? (ToO in 4 hrs, provided triggers from a Theseus-like are available) 
-SNe, tidal disruption events (X-IFU)
-Multimessengers (GW?) counteparts (?)

Examples	 of	X-IFU	follow-up	spectra	along	 l.o.s of:
GRBs	(Left),	or	Blazars (Right),	or	Sne/TDEs(?)

EWmin~0.12	eV

T oO ca p a b i l i t i e s  on  ( a l so)  b r i g h t
( > 1 0 m Cr a b )  sou r ces



Take home messages 
(for  the Energetic  Un iverse)

I would like to stress the importance of:

Ø For the survey:
i)  returning to rib spacing >2 mm asap
ii) keep/stress HEW flat over FOV

Ø For AGN/GBH winds and spin measurements: apply 
defocusing, allowing high resolution events up to ~0.01-
0.1Crab

Ø For transient sky: ToO capabilities (possibly combined with 
the defocused mode if/when needed) will open a new 
window on the time domain/transient Universe and 
multimessenger future opportunities



Thank you very much 
for your attention


