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Athena	in	a	nutshell

Early	2030’s	launch	
▸ with	the	newly	developed	Ariane	6	(64)	

A	7	ton	spacecraL	to	be	placed	in	a	L2	(L1)	orbit	

Unprecedented	collec6ng	area	in	X-rays	
▸ 1.4	m2	at	1	keV	and	0.17	m2	at	7	keV	

▸ 5’’	angular	resolu6on	

Two	focal	plane	instruments	with	a	movable	mirror	assembly	
▸ The	Wide	Field	Imager	(WFI)	op6mized	for	surveys	

▸ The	 X-ray	 Integral	 Field	 Unit	 (X-IFU)	 op6mized	 for	 spa6ally	 resolved	
high	resolu6on	spectroscopy
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Ayre+ SPIE 2018

Ayre+ ESA study team

X-IFU

WFI
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A	new	era	in	high	spectral	resolu6on	fine	imaging
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X-IFU	key	requirements:	High	spectral	resolu6on	imaging	

Spectral	resolu6on:	2.5	eV	up	to	7	keV	
▸ Cluster	physics	(broadening	down	to	20	km/s)	and	missing	baryons	

Energy	band	pass:	0.2	to	12	keV	
▸ Missing	baryons	

▸ Black	hole	spins,	winds	and	ultra-fast	oualows	

Background	requirement:	<5	10-3	cps	s-1cm2keV-1	(2-10	keV)	
▸ Cluster	physics	and	cluster	chemical	evolu6on	

Field	of	view:	5	arcmin	(equivalent	diameter)	
▸ Cluster	physics	out	to	their	outskirts	

▸ Defocus	capability	for	bright	point	sources	

Pixel	size:	<5	arcsec	
▸ Cluster	feedback	on	structure	size	and	to	minimize	confusion
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‣ Reconstructed	bulk	mo6on	velocity	field	of	
the	 hot	 intra-cluster	 gas	 for	 a	 50	 ks	 X-IFU	
observa6on	of	the	central	parts	of	a	Perseus	
like	cluster	considered	at	a	redshiL	of	0.1

Peille+ SPIE 2016 — Cucchetti+ SPIE 2018 - A&A 2018
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Introduc6on	to	the	X-IFU	calibra6on
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NASA/GSFC prototype arrary
The	 only	 space	 instrument	 using	 microcalorimeters	 calibrated	
and	operated	so	far	is	Hitomi/SXS	

X-IFU	 has	 2	 orders	 of	 magnitude	 more	 pixels	 (3168	 Mo/Au	
Transi6on	 Edge	 Sensors)	 and	 is	 a	 factor	 ~2	 beger	 in	 energy	
resolu6on	than	Hitomi/SXS	[XRISM/Resolve]	

X-IFU	is	a	complex	system	and	calibra6on	data	depend	on	a	large	
mul6-parameter	 space	 (detectors	 opera6ng	 temperature	 and	
electrical	 biasing	 parameters,	 magne6c	 field,	 thermal	
background	on	detectors,	readout	electronics	gain,…)	

Lab	data	and	modelling	of	atomic	X-ray	emission	processes	of	the	
innermost	 electron	 shells	 (K,	 L,…)	 of	 many	 elements	 of	
astrophysical	interest	are	not	yet	known	to	the	required	accuracy	
to	derive	the	full	physical	condi6ons	of	the	astrophysical	sources	
(metallicity,	velocity,	turbulence,..)	that	X-IFU	data	will	allow Single-pixel demo

δE = 2.08 eV@ 4.4 MHz
NASA/GSFC
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X-IFU	calibra6on	requirements
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see X-IFU Calibration plan

0.15 eV

The	X-IFU	calibra6on	
requirements	derive	
from	the	Athena	
calibra6on	requirements



François	Pajot14th IACHEC workshop - Shonan Village Center - May 20th, 2019

X-IFU	calibra6on	strategy	outline

The	X-IFU	calibra6on	strategy	combines	measurements	and	analysis	
▸ at	sub-system	level	(detector	array,	filters,	readout	electronics,	Focal	Plane	Assembly,	…)	

▸ at	instrument	level	(integrated	on	the	Science	Instrument	Bench)	

▸ in-flight	on	internal	sources	(ie	on	MXS)	and	housekeeping	parameters	

▸ in-flight	on	sky	sources	

It	will	also	require	addi6onal	data	from	
▸ X-ray	emission	fundamental	physics,	from	ab	ini6o	computa6ons	and	ground	measurements,	at	high	energy	resolu6on	
(see	talk	by	Gabriele	Betancourt-Mar3nez)	

It	is	not	planned	to	bring	the	X-IFU	in	front	of	a	synchrotron	beam	
▸ complexity	of	such	test	(ver6cal	op6cal	axis,	large	and	heavy	Science	Instrument	Bench)	

▸ possibility	to	rely	on	a	set	of	lab	sources,	or	on	measurements	at	sub-system	level	(ie	the	instrument	quantum	efficiency)	

▸ poten6al	irradia6on	of	a	representa6ve	FPA	in	front	of	a	proton	beam	for	the	valida6on	of	the	simula6ons	of	the	thermal	
impact	of	Cosmic	Ray	on	the	detector	(see	talk	by	Samantha	Stever)
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Energy	scale

Determine	approximate	polynomial	func6on	rela6ng	pulse	ADU	to	photon	energy	
▸ ~10	reference	points	along	the	energy	axis	

▸ under	a	set	of	selected	configura6ons	covering	a	large	space	of	opera6ng	condi6ons		

▸ determine	event	grade	(HR,	MR	or	LR)	dependence	

▸ on-ground	use	of	rota6ng	target	source	(RTS)	and	Electron	Ion	Beam	Trap	(EBIT)	

In-flight	gain	scale	monitoring	
▸ interpola6on	for	actual	condi6ons	using	ground	calibra6on		

▸ Modulated	X-ray	Source	(MXS)	from	SRON	based	on	Hitomi-XRISM	design,	flashes	120	6mes/second	for	50	µs	
(~1	photon/pixel/second,	2/3	Bremsstrahlung	con6num,	1/6	Crα	line	~5keV,	1/6	Cuα	line	~8keV	)	

▸ use	a	mul6	parameters	approach	(MXS	lines,	bath	temperature,	bias	voltage,	baseline…)	

Notes	
▸ one	calibra6on	func6on	per	pixel:	working	hypothesis	pixels	can	be	grouped	by	10	

▸ energy	stability	6me	scale	is	1000s
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Energy	scale
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Cucchetti et al., Energy scale calibration and drift correction of the X-IFU
SPIE 2018



François	Pajot14th IACHEC workshop - Shonan Village Center - May 20th, 2019

Line	Spread	Func6on

The	Line	Spread	Func6on	 (LSF)	has	
two	components	
▸ its	 core,	 gaussian	 to	 many	 orders	 of	
magnitude,	 whose	 FWHM	 defines	 the	
energy	resolu6on	

▸ an	 extended	 component	 due	 to	 several	
energy	 loss	 mechanism:	 electron-loss	
con6nuum,	 escape	 peaks,	 surface	
effects/long	lived	states
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TES microcalorimeters, Eckart et al., ASC2018
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Line	Spread	Func6on

Core	LSF	calibra6on		
▸ core	LSF	depends	on	instrument	opera6ng	condi6ons	(noise	budget)	

▸ needs	very	narrow	(fluorescent)	lines	(0.5	eV)	providing	high	count	rate	in	monochroma6c	lines	

▸ use	 of	 channel-cut	 crystal	 monochromators	 (CCCMs)	 to	 select	 the	 Kα1	 line	 of	 the	 anode	
material,	in	the	4.5-11.4	keV	range	(Goddard	and	LLNL	development)	

▸ in	the	~0.5-2.5	keV	range,	use	of	gra6ng	monochromators,	but	only	with	~1-2	eV	resolu6on	

▸ event	grade	dependence	calibra6on	

▸ in-flight	recalibra6on	(MXS,	astronomical	sources	+	monitoring	of	parameters	 in	the	model	of	
the	noise	budget)	

Extended	LSF	calibra6on	
▸ no	changes	expected	on	opera6ng	condi6ons	(ground,	in-flight)	

▸ fully	calibrated	of	ground	with	deep	exposures	of	monochroma6c	lines	at	a	few	energies
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Instrument	Quantum	Efficiency

The	X-IFU	QE	is	a	mul6plica6ve	term	entering	the	total	Athena/X-IFU	Effec6ve	Area	

It	is	divided	into	independent	contributors	
▸ transmission	of	the	thermal	filters	(low	temperature 
	opera6on	and	instrument	background	photon	noise)	

▸ contamina6on	of	these	filters	

▸ detector	QE	(absorber	QE,	filling	frac6on)	

▸ filter	wheel	(op6onal)
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Instrument	Quantum	Efficiency

Thermal	filters	calibra6on	and	contamina6on	monitoring	
▸ synchrotron	on	flight	filters	plus	witness	samples	

▸ limit	calibra6on	sequences	on	flight	parts	

▸ calibra6on	of	standards	to	determine	fine	structure	of	Al	and	polyimides	components	used	in	filters	

▸ calibra6on	of	witness	samples	to	determine	film	component	thicknesses	

▸ measurement	of	meshes	

▸ in-flight	recurring	measurements	of	astronomical	sources	(many	candidates/SXS)	for	lines	below	1	keV	

Detector	QE	calibra6on	
▸ use	 of	 detachable	 absorber	 samples	 for	 metrology	 [thickness	 of	 Au	 and	 Bi]	 and	 synchrotron	
measurements	

▸ characteriza6on	of	gradients	across	the	array	from	samples	at	various	loca6ons	on	the	array	

▸ valida6on	of	method	on-going	at	GSFC
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When	?
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‣2019 Ground Calibration System Requirements

‣2020 Ground Calibration Preliminary Design

‣2021 Ground Calibration Critical Design 

[11/2021 Mission Adoption Review]

‣2022 Ground calibration procurement (OTC)/manufacturing

‣2023 Ground Calibration AIT/AIV and Qualification - phase 1

[S1 2024 EM AIT/AIV and characterisation]

‣2025-2026 Ground Calibration AIT/AIV and Qualification - phase 2

[S2 2027 FM Calibration]

IACHEC 14

IACHEC 15

IACHEC 16
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Conclusion

- Thanks	to	challenging	and	innova6ve	technologies	in	microcalorimeters	operated	at	low	temperature,	X-
IFU	will	provide	breakthrough	capabili6es	in	high	resolu6on	X-ray	spectroscopy	for	the	study	of	the	hot	
and	energe6c	Universe.

�15François	Pajot

Thanks	to	you	and	to	them	all


