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•  ESS-TDR	includes	2	reflectometers	as	part	of	the	baseline	instrument	suite.	Both	a	horizontal	and	
ver:cal	sample	geometry	instruments	are	needed	to	sa:sfy	the	requirements	of	a	complete	science	
program.		

•  Four	instrument	concepts	submiOed	to	relevant	STAP	during	proposal	Round	2	(FREIA,	VERITAS,		
ESTIA,	THOR)	and	one	during	Round	3	(HERITAGE).	

•  FREIA	and	ESTIA	were	recommended	for	construc:on	as	part	of	the	baseline	suite	of	16	instruments.	
Proposals	available	online	at	h"ps://europeanspalla.onsource.se/instrument-proposals-2013-0.	

•  At	least	one	reflectometer	will	be	available	at	Day-1.		Instrument	Layout	
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Instrument	layout	3D	CAD	-	baseline	
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FREIA	

•  Fast	Reflectometer	for	Extended	Interfacial	Analysis.	
•  …..also	a	Norwegian	chocolate	brand,	a	knityarn	brand,	an	experimental	physics	

laboratory	at	the	Uppsala	University,		a	Norwegian	goddess	(Freyja),	etc.	(source:	
google.com).				

FREIA@Uppsala	
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FREIA	

•  Proposed	by	a	collabora:on	between	ESS	and	Denmark	Technical	University.		
•  Horizontal	reflectometer	that	will	be	used	to	study		kine:cs	and	free	liquid	surfaces.	
•  FREIA	has	an	inclined	ellip:cal	guide	design	(-2°)	focusing	a	neutron	beam	with	4°	of	ver:cal	

divergence	onto	a	sample	surface.	It	will	have	3	modes	of	opera:on:	kine:c,	stroboscopic	and	
angle-dispersive.			

•  In	the	kine:c	mode,	3	angles	(with	good	overlap)	will	be	selected	by	moving	3	pairs	of	precision	
slits.	Each	angle	will	use	the	neutrons	from	every	third	neutron	pulse.		

MXType.Localized 

Document Number MXName 

Project Name <<project name>> 

Date 21/03/2014 

  
 

21(35) 

 

Figure 17. Collimation options: a)Three movable/adjustable slit pairs cover the full angular range of 
the instrument without moving long distances between measurements. In the kinetic mode, fast 
shutters placed after the first collimation slits open and close each of the three slit pairs in turn, so 
that each pulse can arrive at the detector at a specific time and angle, b) the collimated beam can be 
deflected up by an m=6 mirror to approach the sample from below the horizon at up to -2.15°, c) 
conventional collimation can be used for both b) and for illuminating small samples that require a slit 
positioned closer to the sample. A horizontally focusing guide section will also be available for this. 

The 2m collimation guide section is split into three or four horizontal channels with 1mm (ideally 
0.5mm) absorbing walls to prevent crosstalk between slit 1 and slit 2, so that a second set of fast 
shutters is not needed.  Blocking the cross-talk between the lowest (0.2°-0.5°) and the middle (0.9°-
1.3°) angles inadvertently leads to a gap in the divergence profile, but can be positioned in such a 
way that the effect on measurements is minimized. The effect of such a split guide was simulated for 
a simple model with 4 equally spaced channels as shown in Figure 18 – this prevents all cross-talk 
beams, and the additional divergence gaps can be minimized by removing the 3rd (highest) absorber, 
and by optimising the position and angle of the remaining 2 walls. The simulated performance of the 
split guide is described in more detail in the Appendix section 5.3. 

Figure 18. Simulated design of a simple symmetric 4-channel guide to eliminate crosstalk between the 
three angular settings for kinetic experiments. 

The horizontal slit blades will be driven by piezo positioners, which fit in well within the space 
constraints. Such devices typically have a up to 30N capacity, minimum step size 0.1 µm, use a 
resistive encoder with a resolution of 0.1-1 µm and repeatability of 0.4 µm. Figure 19 illustrates the 
arrangement of the triple slit package drawn on a scale that fits in at slit position 2, where the full 
beam height is 20mm.  At slit 1 position, the distances and openings are much larger and 
conventional stepper motors can be used. 

Fast	measurement	of	the	full	
reflec:vity	spectrum	of	a	
sample	without	moving	the	
sample.			
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ESTIA	

•  The	name	of	the	instrument	is	given	by	a	Greek	goddess	of	hearth,	family	and	
architecture	(?!).	

•  Proposed	by	a	collabora:on	between	PSI	and	University	of	Copenhagen.	
•  A	very	innova:ve	instrument	design	based	on	the	Selene	guide	concept.	Only	neutrons	

that	will	hit	the	sample	will	be	transported	by	the	guide	system,	which	ensures	low	
instrumental	background.		

•  Aims	for	the	study	of	small	samples	(<<	1	cm2),	with	ver:cal	geometry.		

10 Εστία focusing reflectometer

reflectometry. These include for example a high-intensity mode for time-resolved measurements or tiny samples.
It also enables the precise determination of the beam footprint on the sample and the beam divergence. This
happens far from the sample, offering more flexibility for the sample environment. And both features are
decoupled and controlled by independent devices.

Thus the understanding of the Selene guide is essential for the instrument design, and this is why it is presented
first [→2.1 ], followed by the actual lay-out of Estia. The further sections of this chapter deal with the operation
schemes [→2.8 ], simulations [→2.9 ], and a discussion of the performance [→2.10 ].

2.1 Selene guide

principle The Selene guide concept is the result of the attempt to develop a guide which transports only
the useful neutrons, and which allows for a beam manipulation similar to what an objective does with optical
light. There, the point-to-point focusing property allows to define the beam spot size at the image position
with a diaphragm located at the pre-image. The divergence of the beam can be controlled by an aperture
behind the optical lens, far from the image.1

For neutrons the lens has to be replaced by a reflecting device, here a planar-elliptic mirror. It is important
to notice that the guide consists indeed only of two mirrors, one reflecting horizontally, the other vertically,
rather than of a tube with rectangular cross-section. The Selene guide can be seen as an extended Montel
optic [23] as used at synchrotron beam-lines.

Like all optical devices, the elliptic reflector suffers from aberration. For an elliptic reflector coma aberration
is largest for reflections close to the focal points. It is thus essential to avoid these regions.2 The remaining
coma aberration can be partially correct for by using two subsequent reflectors [→6.3 ]. In total this leads to
a guide as illustrated in figure 2.1.

Figure 2.1: Sketch to illus-
trate the shape of the Se-
lene guide. Shown are two
segments with L-shaped
cross-section (red), sharing
the long axis and a focal
point. In blue the beam
progression is shown.

Such a guide system transports only neutrons originating from a defined region around its initial focal point with
a defined divergence. And it maps these to an almost identical region at the second focal point. Outside this
phase space volume, the intensity is ideally zero. Thus the guide can be designed in a way that in combination
with an initial aperture at the first focal point, it transports only neutrons actually hitting the sample. This
has the consequence that radiation issues and illumination of the sample environment are strongly reduced.
The divergence of the beam can be controlled (independent from the spot size) by an aperture right behind
the guide exit.

Because the concept implies that each neutron is reflected exactly once on each reflector, there is no direct
line of sight to the first focal point from any position behind the first reflector segment. Indirect line of sight
reaches up to end of the second segment.3

1 For a nomenclature of shading optical elements please refer to table 5.2, page 40.
2 This is the reason why most other guide concepts based on elliptic guides are not exactly focusing: they suffer from strong

coma aberration effects leading to multiple reflections and thus create a divergent beam at the exit.[2, 3] [→6.2 ]
3 Thus the ESS recommendation to get out of line of sight half way down the guide, and to avoid indirect line of sight is

inherent to the Selene guide.

J. Stahn, March 31, 2014

The	Selene	guide	
concept	

The	instrument	concept	is	higher	risk	than	a	more	tradi:onal	design	as	it	
relies	on	a	number	of	high	precision	op:cal	components	that	have	not	yet	
been	manufactured	on	the	scale	required.		
A	prototype	instrument	was	constructed	and	tested	at	AMOR@PSI.	More	
tests	to	follow.		



6	6	

Reflectometry	at	ESS	

FREIA	 ESTIA	
Proposed	by:	 ESS	+	Denmark	Technical	

University	
PSI	+	University	of	Copenhagen	

Applica;ons	 Liquids,	sog	condensed	maOer,	
kine:cs	

Hard	condensed	maOer	

Type	 Horizontal	sample	geometry	 Ver:cal	sample	geometry	

Status	 Ready	to	enter	Phase	1	 Phase	1	started	July	2015	
	

IK	partner	prime-contractor	 ISIS	 PSI	

Requested	budget	in	ini;al	
proposal	

15.85	M€ 
 

12.255	M€ 
	

Target	budget		
(cost	category)	

A	(9	M€	)	+	3	M€	Non-ESS	
contribu:on	

A	(9	M€	)	+	3	M€	Non-ESS	
contribu:on	

Funding	 UK,	100%	 CH,	100%	

Hot	commissioning		 ~2023	 ~2023	
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Reflectometry	at	ESS	

FREIA	 ESTIA	
Length	 25	m		 58	m	

Wavelength	range	(A)	 2.5	-	12	(op:onal	up	to	25)	 5	-	10	

Uniqueness	 Capable	of	delivering	data	for	3	
angles	simultaneously	

Small	samples,	low	background	
measurements	

qmax		(Å-1)	 0.005	-	0.45	 0.005		-	0.5,		
to	be	covered	in	4	
measurements	

Sample	footprint	 4	x	4	cm2	 1	mm2	÷	5	cm2	

Δq/q	 4%	 5%	

Performance	 Faster	measurement	:mes,	
higher	q	range	

Faster	measurement	:mes,		
higher	q	range	
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FREIA	 ESTIA	 State-of-the-art	

Sample-to-detector	
distance	

1	to	8	m,	mostly	3	m		 6.2	m	 1	-	10	m	

Detector	area	 50	x	30	cm2	 50	x	30	cm2	 40	x	40	cm2	

Horizontal	resolu;on	 4	mm	 ≤	0.5	mm	 2	mm	

Ver;cal	resolu;on	 0.5	mm	 >	1	mm	 2	mm	

White	flux	on	sample	 ~2*108 	n/cm2/s	
	

~108	n/cm2/s	
	

~109	n/cm2/s	

Detector	global	rate	 several	MHz	 several	MHz	 several	MHz	

Detector	local	rate	 >	10	kHz/mm2	 >	10	kHz/mm2	 <1	kHz/mm2	

Background	 10-7	 <	10-7	 10-7	

Uniformity	(%)	 ±1	 ±1	 ±1	

Detector	technology	 10B-based	in	inclined	
geometry	

10B-based	in	inclined	
geometry	

3He-based	wire	chamber	+	
delay	line	

Tubes	with	charge	division	

Detector	requirements	for	the	ESS	reflectometers	

ESS	DG	contact	person	for	reflectometers:	Francesco	Piscitelli.	



Detectors	for	the	ESS	reflectometers	

•  Detector	based	on	the	Mul:Blade	concept	preliminary	tested	at	ILL	in	2012.	
	
•  Francesco	is	building	a	second	prototype	in	Lund.		
•  Work	funded	through	the	EU	project	BrightnESS	(2015-2018).	

Multi-Blade 
sample 

neutrons 

WP4 - Task 4.2 Neutron Detectors – The Intensity Frontier 

What has been done so far … 

wires X 

neutrons 
θ 

10B4C	

F.	Piscitelli	et	al.,	JINST	9	P03007	(2014)	
F.	Piscitelli,	PhD	Thesis,	Uni.	Perugia	and	ILL	(2014)	arXiv:1406.3133	

to the model developed in Chapter 3 and neglecting neutron reflection. An energy threshold
of 100KeV is applied. We considered two possible configurations: options A and B in Figure
6.5, with one converter or two. On the left we show the neutron detection e�ciency, at 2.5Å,
as a function of the converter layer thickness for the solutions A and B. While the e�ciency
shows a maximum for the two layer option, it is saturated over 3µm for the single layer. The
single converter option can attain a maximum e�ciency of 28% at 10� and 44% at 5� (2.5Å)
to be compared with the double-layer e�ciency of 37% and 54% respectively. The addition of
the second layer, at ✓ = 5� leads to an increase of the e�ciency of about 10% with respect to
the solution A. The advantage of having only one converter is that the coating can be of any
thickness above 3µm and the e�ciency is not a↵ected, while for the two layer option its thick-
ness should be well calibrated. Moreover, in the two layer configuration the substrate choice is
also crucial because it should be kept as thin as possible to avoid neutron scattering and this
leads to possible mechanical issues. On the solution A, the substrate choice can be more flexible
because it has not to be crossed by neutrons.
On the right in Figure 6.6 we show the e�ciency as a function of the neutron wavelength for
the the single layer of thickness 3µm (configuration A). The Figaro’s detector e�ciency [56]
e�ciency is also plotted, it is a 3He-based detector made up of 6.9mm tubes filled at 8 bars.
In the plots shown the detector gas vessel Aluminium window is also taken into account as a
neutron loss. For the Figaro’s detector we used a 5mm thick window, and, since the Multi-Blade
detector will be operated at atmospheric pressure, we used a 2mm window. 3He-based detec-
tors’ e�ciency can be increased by increasing the 3He pressure in the vessel; on the other hand,
for a solid converter based detector the gas acts only as a stopping means, hence its pressure can
be kept at atmospheric values. Consequently the gas vessel construction has less constraints.
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Figure 6.6: 10B4C layers (⇢ = 2.24 g/cm3) detection e�ciency at 2.5Å as a function of the layer thickness
for the options A and B for three inclinations (left), e�ciency as a function of the neutron wavelength for three
inclinations of a single 3mum layer (right). An energy threshold of 100KeV is applied. The e�ciency of the
Figaro’s detector is shown as well (6.9mm tubes filled with 8 bars of 3He).

In each of the solutions proposed for the cassette concept, see Figure 6.5, the read-out system
has to be crossed by neutrons before reaching the converter. The mechanical challenge in the
read-out system construction is to minimize the amount of material on the neutron path to
avoid scattering that can cause misaddressed events in the detector.

142

Detector	concept:	achieve	high-efficiency	and	high	spa:al	
resolu:on	by	using	Boron-layers	in	inclined	geometry.	

Mul;Blade@ILL,	results	2012:	
	
•  Measured	Efficiency	45%	at	2.5	Å	

•  Spa:al	Resolu:on	280μm	x	4mm	

•  Coun:ng	rate	capability	~5	kHz/mm2	at	2.5	Å	
(limited	by	the	electronics)	



•  Topic:	INFRADEV-3-2015,	“Individual	implementa:on	and	opera:on	of	ESFRI	projects”.		
•  36	months	(09/2015	–	09/2018),	18	Consor:um	Partners,	~20	Meuros.		
•  BrightnESS	funds		InKind	and	collabora:ve	tasks.	
•  Scien:fic	objec:ves:	cold	moderators,	detectors,	data	handling.		
•  The	allocated	budget	is	shared	among	six	Work	Packages.		
•  WP4:	“Innova:on	of	Key	Neutron	Technologies:	Detectors	and	Moderators”.	

Kick-off Meeting 
Welcome! 

BrightnESS!

Consortium Partners 

4 

8 

Scientific Objectives 

Detectors 
Developing 

technologies cca	20	Meuros	



•  WP4:	“Innova:on	of	Key	Neutron	Technologies:	Detectors	and	Moderators”.	
•  ESS	+	6	partners:	IEAP	CTU,	ILL,	BNC	Wigner,	LU,	MiUN,	CERN.		

Task	4.4:	Detector	realiza;on:	electronics,	
simula;ons,	source	facility	development	

Kick-off Meeting 
Welcome! 

BrightnESS!

Task	4.1:	The	resolu;on	challenge	

macromolecular	crystallography	

Task	4.2:	The	intensity	fron;er	

reflectometry	

BrightnESS

Technological Challenges: Detectors
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Task*4.1*
“The*Resolu2on*Challenge”

Task*4.2:*
“The*Intensity*Fron2er”

Task*4.4:*“Detector*
Realisa2on”

2.4 m2!

3m!

0.8m!

Task*4.3:*“Realising*Large*Area*
Detectors”*

Task	4.3:	Large-area	detectors	

TOF	spectroscopy	

Task	4.5:	Moderator	tes;ng	and	
development	beamline	(BNC)	

BrightnESS

Technological Challenges: Detectors
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Task*4.1*
“The*Resolu2on*Challenge”

Task*4.2:*
“The*Intensity*Fron2er”

Task*4.4:*“Detector*
Realisa2on”

2.4 m2!

3m!

0.8m!

Task*4.3:*“Realising*Large*Area*
Detectors”*

•  New generation of neutron 
detectors will require 10-100 
times more electronics 
channels  

•  Holistic integration of 
electronics necessary to be 
able to integrate neutron 
detectors from ESS in-kind 
partners  

•  Ensure that detector 
electronics is maintainable 
across the lifetime of the 
facility  

•  Reduce operational costs.  
•  This sub-task will concentrate 

of the integration of the 
electronics developed in-kind 
with the detectors. 

Work done: Electronics (T4.4.1) 

5 

•  Making the GEANT 
framework work for thermal 
and cold neutrons. 

•  Essential for neutron 
detectors for ESS 
instruments 

•  Standard validated 
framework available 

•  Integration between Monte 
Carlo tools for detector 
development and high 
energy processes and those 
for neutron scattering: 
GEANT, MCSTAS, MNPX 

Work done: Simulation (T4.4.2) 

6 

4

Cold neutron instruments:
REFL – Reflectometer
TASC - TAS � Triple axis spectrometer on CNS
SANS � Small-angle scattering spectrometer
PGAA � Prompt gamma activation analysis
NIPS � Neutron-induced prompt gamma-ray

spectrometer 
IBMS – In-beam Mössbauer spectrometer

(under construction)

REFL
IBMS SANS PGA

NIPSNG-3

NG-2
NG-1

TOF – Time of flight spectrometer
(under construction)

DNR – Dynamic neutron
radiography

SNR – Static neutron radiography
BIO – Port used for biological

experiments
MTEST – Material testing

diffractometer
TAS – Triple axis spectrometer
PSD – Powder diffractometer

TOF
(neutron guide)

TOF
(measuring hall)

DNR

SNR

BIO

MTEST

TAS PSD

Shielding tunnel
(for 3 neutron guides)

Shutters
(3 pcs.)

Reactor Hall

TASC

CNS Measuring Hall

Entrance to the reactor hall

Lay out of the Horizontal Neutron Beam Facilities
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Detectors	for	the	ESS	reflectometers	

•  Task	2:	detectors	for	reflectometers.	Funds:	2	Meuros.		
•  Partners	involved:	Wigner	Research	Ins:tute	and	the	Division	of	Nuclear	Physics	at	LU.	
•  Detector	prototype	designed	and	assembled	in	Lund.			

10	cm	X	10	cm	ac:ve	area	
	
9	casseOes	@	η=5°		
	
5	μm	10B4C	coa:ngs	
	
Each	casseOe	will	feature	32	anode	wires	and	32	cathode	
strips.			
	
Wire	pitch=4	mm	/	Strip	pitch=4	mm	
								è		spa:al	resolu:on	~wire	pitch*sin(η)	=	0.34	mm	

Tests	at	the	ESS	SF	and	BNC	to	
characterize	the	prototype	in	terms	
of	uniformity,	efficiency,	count	rate	
capability.			

 

WP4  
Neutronic Technological Innovation 

 
 

Task 4.2 Neutron Detectors – The Intensity Frontier 
 
 
 
 

Francesco Piscitelli  
 

on behalf of the ESS detector group, 
Wigner Research Institute 

And 
Lund University Division of Nuclear Physics 

 
 
 

2015/09/25 
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Detector)Group)partnersESS	DG	partners	

Partners Involved 

WP4 - Task 4.2 Neutron Detectors – The Intensity Frontier 

Wigner	Research	Ins5tute	
(Dezsõ	Varga	and	Eszter	Dian)	

	
LU	has	a	long	story	of	developing	novel	par5cle	detectors	for	hos5le	par5cle	accelerator.	
LU	has	completed	the	construc5on	of	the	Source-Tes5ng	Facility	for	prototype	commissioning.	
Their	experience	with	developing	and	tes5ng	detectors	will	be	crucial	for	the	task	in	WP4.		

BNC-Wigner	is	the	largest	organiza5on	in	Hungary	comprising	45	research	group	of	various	profile.	
BNC-Wigner	has	a	long	tradi5on	in	working	with	industrial	companies;	in	10y	over	25	companies	of		
various	size	and	profile	were	involved	in	technology	transfer	related	to	neutron	developments.	
BNC-Wigner	will	support	with	the	detector	development	required	in	the	intensity	fron5er	task	in	WP4.	

ESS	Detector	Group	
(Francesco	Piscitelli)	

Division	of	Nuclear	Physics	
(Kevin	Fissum)	



Detectors	for	the	ESS	reflectometers	

•  Task	4.2	in	Brightness	was	allocated	funds	for	122	PM	effort,	enough	to	recruit	one	post-doc	and	
one	PhD	student	(LU-PHY/ESS),	and	one	post-doc	at	BNC.		

		
•  The	Hungarian	partners	will	provide	electric	field	calcula:ons	(GARFIELD,	etc.)	and		detailed	

GEANT4	simula:ons.	Beam	:me	at	BNC	for	tes:ng.			

•  Status	project	as	of	today:	moun:ng	finished,	electronics	debugging	in	progress,	first	field	
calcula:ons	made	available	by	the	Hungarian	partners,	plans	for	tests	at	the	ESS	SF	at	LU.		

	

 

WP4  
Neutronic Technological Innovation 

 
 

Task 4.2 Neutron Detectors – The Intensity Frontier 
 
 
 
 

Francesco Piscitelli  
 

on behalf of the ESS detector group, 
Wigner Research Institute 

And 
Lund University Division of Nuclear Physics 

 
 
 

2015/09/25 
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ESS	Detector	Group	
(Francesco	Piscitelli)	

Division	of	Nuclear	Physics	
(Kevin	Fissum)	

GARFIELD	for	
Mul;Blade	
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Conclusions	and	perspec;ves	

•  2	reflectometers	(FREIA,	ESTIA)	will	be	build	at	ESS	as		part	of	the	baseline	suite	of	16	instruments.	
						The	lead	laboratories	for	the	two	instruments	are	ISIS	and	PSI.		
	
•  There	is	a	very	large	gap	between	detector	development	and	source	advances.	At	ESS,	all	instrument	

classes	require	beOer	detectors/new	technologies.	Advances	are	required	in	more	than	one	area	
simultaneously	(reflectometry:	spa:al	resolu:on	and	rate	capability).		

	
•  The	basic	detector	R&D	for	reflectometry	that	started	at	ILL	in	2011	is	being	now	con:nued	at	ESS	

with	EU	funds.			

•  Unlike	SINE2020/WP9,	that	is	addressing	basic	R&D,	BrightnESS/WP4	funds	work	on	final	detector	
designs,	implementa:on	and	integra:on	and	ac:vi:es	that	take	developmental	results	and	engineer	
them	into	fully	func:onal	detectors.		

	
•  Task	9.4	of	SINE2020/WP9	is	about	exploring	innova:ve	ideas	for	3He-free	neutron	detectors	that	

could	lead	to	buildable	devices	on	the	:mescale	of	5+	years.			


