
• ECLAIRs	is	the	hard	X-ray	imager	and	trigger	of	SVOM,	whose	launch	is	planned	in	December	2021.	This	is	a	coded-mask	imager	made	of	a	detection	plane	with	6400	carefully	selected	CdTe detectors	(Remoué et	al.	2010)	
located	behind	a	coded	mask	in	Tantalum,	as	shown	in	the	rightmost	figure	of	this	panel.	Without	its	radiator,	ECLAIRs	is	80	cm	high,	with	a	surface	of	60×60	cm	and	a	weight	of	about	80	kg.
• Interesting	features	of	ECLAIRs	include:	an	energy	range	extending	down	to	4	keV,	allowing	the	exploration	of	soft	GRBs	and	highly	redshifted	GRBs;	the	capability	to	detect	and	localize	GRBs	autonomously	over timescales	
ranging	from	20	ms to	20	minutes	with	count-rate	and	image	triggers;	and	the	transmission	of	all	the	photons	to	the	ground,	allowing	detailed	offline	analysis	of	the	transient	hard	X-ray	sky.	
• The	Point	Source	Localization	Error	reaches	11.5	arc	minutes	for	sources	detected	with	SNR	=	8,	ensuring	that	they	will	be	within	the	field	of	view	of	the	narrow-field	telescopes	(MXT	and	VT)	after	a	slew	of	the	satellite.
• According	to	the	pointing	law	of	SVOM	the	center	of	the	2 sr field	of	view	will	be	close	to	the	anti-solar	direction	(Wei	et	al.	2016),	favoring	the	detection	of	GRBs	in	the	night	hemisphere,	which	are	immediately	observable	
from	the	ground.	Consequently,	the	Earth	will	cross	the	field	of	view	every	orbit.
• ECLAIRs	is	expected	to	detect	≈200	GRBs	of	all	types	during	the	nominal	duration	of	the	mission	(3	years).	Detailed	information about	the	instrument	can	be	found	in	Godet	et	al.	(2014).

ECLAIRs	Scientific	Objectives	and	Design	Performance

• The	performances	of	several	detection	modules	(each	of	them	consisting	of	32	detectors	read	by	an	ASIC)	have	been	measured	with a	source	of	Americium	241	
(Lacombe	et	al.2018).	The	results	of	these	tests	are	illustrated	in	the	four	leftmost	figures	of	this	panel,	which	represent	(from	left	to	right):
-- The	superimposition	of	the	32	spectra	of	one	detection	module,	demonstrating	the	homogeneity	of	the	spectral	response	of	the	32	detectors.
-- The	spectral	resolution	of	two	lines	of	241Am,	which	is	better	than	1.5	keV for	nearly	99%	of	the	detectors.	
-- The	energy	threshold,	which	is	below	4	keV for	95%	of	the	detectors.
-- The	deadtime,	which	remains	below	5%	for	count	rates	under	105 c/s	on	the	detection	plane,	corresponding	to	a	flux	of	250	c/s/cm2 (Bajat et	al.	2018).

•In	parallel	with	these	measurements,	the	response	of	the	instrument	has	been	simulated	in	detail,	with	Monte	Carlo	simulations,	which	have	been	used	to	
evaluate	the	effective	area	of	the	instrument	(bottom	plot	N°5	from	left)	or	the	expected	background	variation	along	the	orbit	(rightmost	bottom	plot)	clearly	showing	
the	passage	of	the	Earth	in	the	field	of	view.	The	top	right	figure	shows	the	background	counts	in	the	energy	range	[4-120]	keV,	as	a	function	of	the	pointing	direction.	
The	bright	region	is	due	to	the	X-Ray	binary	SCO-X1.	These	plots	show	that	ECLAIRs	background	will	be	variable	temporally,	spatially	and	spectrally,	requiring	special	
procedures	for	onboard	GRB	detection.	Detailed	description	of	the	trigger	and	its	performance	can	be	found	in	Schanne et	al.	(2018)	and	Dagonneau et	al.	(2018),	
while	Bernardini et	al.	(2017)	discuss	the	spectroscopic	performance	of	ECLAIRs	for	long	and	short	GRBs.

Measured	and	Simulated	Performance

ECLAIRs

Energy range 4	– 150	keV

Detecting area ≈1000	cm2

Detectors 6400	CdTe detectors	(mounted	as	200	modules)	

Effective area in 10-70 keV ≥340	cm2

Effective area @ 6 keV ≥200	cm2

Field of view 2.06	sr	total

Sensitivity to 1 sec long GRB 2.5	10−8 erg	cm−2 s−1 in	[5−50]	keV

Source Localization Error 11.5	arcminutes for	sources	with	SNR=8

Energy resolution at 60 keV <	1.6	keV

Time resolution 10	microsecond

Dead time <5%	for	105 cts/s

Data rate ≤18	Gb/day
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• We	have	presented	the	status	of	the	realization	of	ECLAIRs,	which	is	due	to	launch	onboard	SVOM	in	December	2021.	The	realization	of	the	subsystems	is	on	schedule	for	the	integration	of	the	instrument	that	will	start	in	the	first	
quarter	of	2020.	The	interest	reader	will	find	more	information	about	the	instrument	and	its	performance	in	the	list	of	selected references	below.
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• The	instrument	is	now	in	phase	C,	and	all	the	subsystems	are	under	construction.	The	pictures	of	this	panel	show	some	real	hardware.	They	are	not	to	scale,	and	we	refer	the	
reader	to	the	previous	panel	for	a	global	view	of	the	instrument.	From	left	to	right,	the	pictures	show:	
-- The	prototype	detection	plane	with	1088	active	detectors	(out	of	6400),	and	an	inset	showing	a	module	of	32	detectors	with	their	readout	ASIC.
-- The	front-end	electronics	designed	to	read	out	1	sector	of	800	detectors.	The	entire	detection	plane	encompasses	8	sectors.
-- The	onboard	data	processing	unit	called	UGTS	(Unité de	Gestion et	de	Traitement Scientifique – in	french).
-- The	coded	mask	,	made	with	a	foil	of	Tantalum	sandwiched	between	2	structures	in	Titanium.	
-- The	structure	of	the	instrument,	supporting	the	graded	shield	(Pb+Cu)	and	the	coded	mask.

As	can	be	seen,	ECLAIRs	is	a	compact	instrument	with	highly	multiplexed	detectors	and	electronics	
and	powerful	computational	resources.

Construction	of	the	Instrument

Figure 7. Top left: View of the coded mask camera ECLAIRs. The di�erent sub-systems are shown, except the data
processing unit in charge of the GRB detection and localization. Top right: View of the ECLAIRs detection plane (DPIX)
paved with 80� 80 Schottky CdTe detectors arranged into 8� 4 detector matrices called XRDPIX. The detection plane
is segmented into 8 sectors of 25 XRDPIX. Each sector is connected to an electronic chain (ELS) that will work in the
photon counting mode i.e. each event will be time-tagged with a time resolution of 10 µs and calibrated in energy in real
time. The ELS will also perform pattern recognition flagging the events as single or multiple events. Bottom left: photo
of a mock-up of the coded mask made of a sandwich of Ti-Ta-Ti. Bottom right: photo of an XRDPIX.

time-tagged with a time resolution of 10 µs and calibrated in energy in real time thanks to a FPGA. The ELS
will also perform pattern recognition flagging the events as single or multiple events. The electronic chain is
designed to support an event flow from an extremely bright GRB up to 105 events s�1 over the all detection
plane with a dead time of less than 5%.

The calibrated events will be transmitted in real time via a space wire connection to the data process unit
(UGTS – [50]) that is in charge of detecting GRBs as well as managing the DPIX modes and instrument
housekeeping. The UGTS will use the recorded events to reconstruct sky images every 20 s to search for the
appearance of new sources within the ECLAIRs FoV by comparison with an on-board catalog of known X-ray
sources. The UGTS will use both a count rate trigger algorithm on di�erent timescales as well as an image
trigger algorithm [51]. In case of a rate trigger, an automatic slew of the plate-form will only happen if it is
confirmed by the appearance of a new source in the reconstructed images.

To maximize the GRB detection rate, a large FoV is required in order to be able to scan a large portion of
the sky. Given the space limitations on the SVOM plate-form, ECLAIRs will have a large FoV of 89� 89 deg2;
which corresponds to ⇥ 2 steradian. The totally coded FoV is 22.1�22.1 deg2 (i.e. ⇥ 0.15 sr). A graded passive
shield combining Pb (0.9 mm), Cu (0.1 mm) and Al (0.5 mm) will enclose the detection plane (DPIX) and the
coded mask located at a distance of 46 cm from the DPIX (see Fig. 7). The choice of the material for the
graded shield is a trade-o� between a maximum reduction of the cosmic X-ray di�use background in the 4-70
keV imaging band [41], mass budget considerations and the necessity to keep a few instrumental X-ray lines at
higher energies for calibration purposes.


