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Goals	and	challenges	

ESS	goal:	build	a	facility	capable	to	provide	the	most	intense	neutron	beam	world-wide	
that	will	be	use	to:	
	

è Measure	very	small	samples,	inves'gate	kine'cs	
è Perform	fast	measurements	
è Combine	mul'ple	methods	in	one	instrument	(e.g.,	PD+SANS+NI)	
è etc.		

è A	large	number	of	new	components	(including	detectors)	must	be	
developed.				

Goals	 Implica1ons	for	detectors	
Small	samples	 Small	pixel	sizes,	large	area,	low	

background	

Fast	measurements	 Fast	detector	response,	readout	
electronics,	DAQ	

Mul'ple	methods	in	one	
instrument	

Several	types	of	detectors	must	be	
integrated	



SANS	

Imaging	and	
tomography	
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Detectors	for	ESS:	sky	is	the	limit	

(1,1)	=	state-of-the-art	

	
•  The	farther	the	box	from	the	(1,1)	

reference	point,	the	bigger	the	
challenge	for	the	detector	systems.	

Ø  All	detectors	that	will	be	deployed	at	
ESS	need	significant	upgrading.		

Ø  Mul1ple,	simultaneous	improvements	
on	exis1ng	technologies	or	the	
development	of	new	ones	are	required	
to	fulfill	the	detector	needs	at	ESS.		
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Instrument	
class	

Instrument	sub-
class	

Instrument	 Key	requirements	for	
detectors	

Preferred	detector	
technology	

Ongoing	developments	
(funding	source)		

Large-scale	
structures	

Small	Angle	
ScaVering	

SKADI	 Pixel	size,	count-rate	 Scin'llators	 SonDe	(EU	SonDe)	

Loki	 10B-based		 BandGEM	

Reflectometry	 Freia	 Pixel	size,	count-rate	 10B-based		 Mul'Blade	(EU	BrightnESS)	

Es'a	

Diffrac'on	 Powder	
Diffrac'on	

DREAM	 Pixel	size,	count-rate	 10B-based		 Jalousie	

Heimdal	 Scin%llators	

Single-crystal	
diffrac'on	

MAGIC	 Pixel	size,	count-rate	 10B-based		 Jalousie	

NMX	 Pixel	size,	large	area	 Gd-based	 GdGEM	uTPC	(EU	BrightnESS)	

Engineering	 Strain	scanning	 BEER	 Pixel	size,	count-rate	 10B-based		 AmCLD,	A1CLD	

Imaging	and	
tomography	

Odin	 Pixel	size	 Scin'llators,	MCP,	
wire	chambers	

Spectroscopy	 Direct	geometry	 C-SPEC	 Large	area		
	(3He-gas	unaffordable)	

	

10B-based		 Mul'Grid	(EU	BrightnESS)	

T-Rex	

VOR	

Indirect	
geometry	

BIFROST	 3He-based	

MIRACLES	

VESPA	

Detectors	for	ESS:	strategy	
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Key	requirement	for	the	ESS	diffractometers	

Instrument	 Posi1on	
resolu1on	
(H	x	V)	

Area	
detector	

No	of	
detector	
pixels	

Integrated	flux	on	
sample,		
HI	mode	
(n/s/cm2)	

	
Δd/d	(90°)	

	

Detector	technology	

Comments	 Op1ons	

DREAM	 4	mm	x	4	mm	 6.2	sr	
(9.7	m2)	

6*105	
	

3.4*108	
(calculated)	

	

0.006	
	

3He	tubes	ruled	
out	by	the	
posi'on	
resolu'on	

requirement.		
	

Rate	capability	
of	current	

technologies	
could	be	a	
challenge.		

	
	

Scin'llators,	
10B-based	gas	
detectors		HEIMDAL	 <	3	mm	x	10	mm	 1.8	sr	

(4.7	m2)	
	

1.5*105	 2*109	
(calculated)	

	

0.01	

BEER	 <	2	mm	x	5	mm	 1	sr	
(4	m2)	

	

4*105	 109			
(calculated)	

0.01	

10B-based	gas	
detectors		

WISH@ISIS	 8	mm	x	8	mm	 2.8	sr	
(13.8	m2)	

2.1*105	 1.1*108		
(experimental)	

0.005	 3He	tubes	

IMAT@ISIS	 4	mm	x	100	mm	 1	sr	
(4	m2)	

104	
	

107	
(calculated)	

0.7	 ZnS-based	scin'llators,	crossed	WLS	
fibers	

under	construc'on	

•  Absolutely	key	to	be	clear	about	requirements	for	the	design.		

è	see	Nigel’s	talk	
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1.2.2 The DREAM instrument and its components 

 

Fig. 7.  Schematic layout of the DREAM diffractometer. 

A schematic layout of the instrument is shown in Fig. 7. The instrument will have a common 
view to thermal and cold moderator. The elliptic guide system has the focal points at the 
pulse shaping chopper (PSC) and the sample. The focal point at the PSC is ahe needle eye in 
space and time and is illuminated from the source by the required divergence. PSC, a 14Hz 
overlap chopper and a 14 Hz T0 chopper for prompt pulse suppressing fit all near to the 
monolith wall; note, the 1m long chopper system can be placed favourably in the defocusing 
initial part of the elliptic neutron guide without losses for the neutron transport. Two 
additional choppers for and a heavy instrument shutter are placed in this initial part that is 
still with the copper shelf shielding as can be seen from the floor plan Fig. 8. The final guide 
section will have exchangable neutron guide parts either to focus the intensity to a smaller 
sample spot or, with absorbing end pieces to improve the divergence of the incoming beam. 
The sample position is at 76.50 m from the moderator and surrounded by a large detector. 
The detector geometry is cylindrical with its axis in common with the beam axis, rigorously 
adapted to the Debye-Scherrer cones.  
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Preliminary	drawing	for	the	DREAM	sample	area.	

W.	Schweika	et	al.,	ESS	Instrument	Construc9on	
Proposal	DREAM	(POWHOW),	2014.	

PD	detector	size:	~9.7	m2	(6.2	sr).		
Pixel	size:	4	mm	x	4	mm.	

DREAM	
Bi-spectral	powder	diffractometer	
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The$ESS$instruments$as$of$January$2015$
12$(out$of$22)$instruments$in$construcIon$
or$recommended$for$construcIon$

Spectroscopy Name   + Partners*  Description 
VOR       Wide Bandwidth Spectrometer 
C-SPEC     Cold Chopper Spectrometer 
CAMEA      Indirect Geometry Spectrometer 
 
ODIN      Multi Purpose High Resolution Imaging 

  
LOKI      Broad Band SANS 
SKADI      High Intensity SANS 

  
NMX      Macromolecular Diffractometer 
BEER      Engineering Diffractometer 
HEIMDAL     Thermal Powder Diffractometer 
DREAM      Bi-Spectral Powder Diffractometer 
 
FREIA      Reflectometer for liquid interfaces 
ESTIA      Focusing Reflectometer 

          * constantly updated   

SANS 

Diffraction 

Reflectometry 

Imaging 
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consideration regarding the thermal powder diffractometer is found in appendix D. The 
instrument represents an optimal designed for moderately large structures with unit cells < 
25 Å, i.e. unit cell volumes < 15’000 Å3. The instrument is designed to cover a large q-range 
from 0.6-21 Å-1 using a cylindrical detector arrangement from 10-170°. The detector 
arrangement is illustrated in Figure 6 and schematically in Figure 16. Detectors are placed 
above and below the incoming beams to fully cover the backscattering region. Wavelengths 
< 0.6 Å = λmin are not considered, due to short comings of guide transport, chopper and 
detector efficiency for short wavelength neutrons. 

 

 
Figure 6 Instrument overview (top) technical drawing of the instrument, from Left to right: Instrument 
hutch and laboratory area, sample area with access platform for top-loading and off-line testing. At 
the right hand side wall of ESS hall is shown together with the SANS tank, the tank outside the main 
ESS hall will be air-conditioned. The backscattering detectors are emphasised by red colouring. 
(bottom) layout of guide hall and suggested position of HEIMDAL. 

In addition to the optimized thermal neutron powder diffractometer (TNPD), the instrument 
has been designed to accommodate Small Angle Neutron Scattering (SANS) and Neutron 
Imaging (NI) options. The technical challenges are highly different for the different 
techniques with respect to resolution and optics: TNDP favors a wavelength resolution (∆λ/λ) 

Preliminary	drawing	for	the		HEIMDAL	sample	
area.	

M.	Christensen	et	al.,	ESS	Instrument	Construc9on	
Proposal	HEIMDAL,	2014.		
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agreement with ISIS for a collaborative effort on scintillation detectors under the EU Horizon 
2020 program. 

The cylindrical arrangement of the detector ensures a smoothly varying peak profile function 
both in angular and time space. Together with the almost triangular pulse shape the 
description of the profile function will be limited to a few parameters. This ensures easier 
data treatment compared with conventional spallation sources, where each detector bank in 
some cases is treated independently. A simulated data set of is Na2Al12Ca3F14 is shown in 
Figure 15.  

 
Figure 15: (left) Simulation of the powder diffraction pattern for HEIMDAL with the instrumental 
design described below. The pulse width is 121 µs, while the horizontal and vertical divergence is 
HFWHM = 0.1° and VFWHM = 0.5°. The sample is Na2Al12Ca3F14. (right) The summation of the 2D plot 
gives an idea about the intensity and resolution. The insert shows a range around 8.2-9 Å-1. 

The cylindrical arrangement allows 2D refinements of the diffraction data as described in 
1.1.8 software development for ESS. Figure 16 shows the instrument overview including the 
different detectors. 

 

Figure 16: Detector setup (top) view from above, (bottom) side view. The backscattering detectors 
are above and below the incoming beams as seen below. The SANS detectors at 4 m above and 
below the horizontal plane is not shown in the top view, while the side detector is not shown in side 
view. The NI detector and the radial collimator are not shown.  

1.2.5 Radial collimation: 
The volume between the sample and the detector from 0.5 to 1.5 m will be filled with Ar or 
dry air to avoid scattering from moisture in the air. In the standard configuration a radial 

PD	detector	size:	~4.7	m2	(1.8	sr).	
Pixel	size	<	3	mm	x	10	mm.				

HEIMDAL	
Thermal	powder	diffractometer	
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The$ESS$instruments$as$of$January$2015$
12$(out$of$22)$instruments$in$construcIon$
or$recommended$for$construcIon$

Spectroscopy Name   + Partners*  Description 
VOR       Wide Bandwidth Spectrometer 
C-SPEC     Cold Chopper Spectrometer 
CAMEA      Indirect Geometry Spectrometer 
 
ODIN      Multi Purpose High Resolution Imaging 

  
LOKI      Broad Band SANS 
SKADI      High Intensity SANS 

  
NMX      Macromolecular Diffractometer 
BEER      Engineering Diffractometer 
HEIMDAL     Thermal Powder Diffractometer 
DREAM      Bi-Spectral Powder Diffractometer 
 
FREIA      Reflectometer for liquid interfaces 
ESTIA      Focusing Reflectometer 

          * constantly updated   
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Fig. 1.2.10. View of the sample area with proposed detector banks. Detectors can be retracted for 
bringing in large sample environment (left). In the horizontal plane, the detectors are centred at 
2T=90o (D1), -90o (D2), 50o (D3), -130o (D4) and -160o (D5). In addition, an arc of detectors spans 
about 90o in the plane normal to the incident beam, filing partly the gap between the detectors D1 
and D2 (right). This arc is required mainly for texture analysis. 

Four main detectors, each covering about 30 × 30 deg2 (area 1 m2) are positioned at  90o, –
90o, 50o and –130o (named D1 through D4). The detectors are mounted together with 
attached radial collimators on rails, which permit precise axial movement and opening of the 
experimental space during installation of large sample environment devices. 

A smaller detector at a shorter distance (~ 1.5 m) and medium resolution (~ 5 × 5 mm2) 
would be placed at one side of the incident beam for backscattering measurements (D5).  

In the transmitted beam, a small (~ 40 × 40 mm2) position-sensitive detector would serve to 
imaging, with the possibility of energy analysis (Bragg edge). A MEDIPIX detector employing 
a multichannel plate amplifier is considered as a suitable technology for this purpose. 

A 1 × 1 m2 detector for SANS measurements (displaced from the direct beam to increase the 
dynamic Q-range) will be placed in a vacuum tank at up to 6.5 m after the sample. This 
maximum distance is determined by the distance of the divergence slit in front of the 
sample, which will be used for both diffraction and SANS. 

The additional arc detector bank (see Fig. 1.2.10) spans 100° in the plane perpendicular to 
the incident beam. This enables sufficient angular coverage for texture and strain analyses. 
This detector is expected to be positioned at a shorter distance (≈ 1 m) from the sample to 
optimise its active area for required angular coverage (e.g. 3 segments, 0.6 × 0.5 m2 each, 
covering together an arc of about 100° × 30°). The arc detector together with the 
corresponding radial collimators have to be mounted on a support with precise rails to be 
able to free the space for large sample environments (movement in the direction parallel to 
the neutron beam). 

Combination of ToF and angular analysis allows to cover a broad range of d-values as shown 
in Fig. 1.2.11.  

A.	Schreyer	et	al.,	ESS	Instrument	
Construc9on	Proposal	BEER,	2014.		

Preliminary	drawing	for	the		BEER	sample	area.	
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Fig. 1.2.1. Schematic drawing of the instrument layout with key components. 

 

1.2.3 Source and bi-spectral extraction optics 

The multichannel supermirror guide studied by C. Zendler et al. [1] is proposed as a solution 
to bi-spectral extraction. In our case, this component consists of m=4.7 mirrors on 0.5 mm 
thick Si substrate. The component geometry is then fully defined by the crossover 
wavelength Oc=2.0 Å between the cold and thermal spectra, the separation between the two 
moderator centres (D=0.13 m) and assumed length of the mirrors, L=0.5 m. Then we arrive 
at the inclination angle, 𝛼 = 𝑚𝜆  × 0.1 = 0.94  and distance from the source, 𝑑 =
0.5 (𝐷 tan𝛼⁄ − 𝐿) = 3.7 m. Further optimization by simulations indicates an improvement of 
transmittance if the multichannel guide is convergent at an angle of about ~ 0.75°. About 7 
mirrors are needed to cover the beam width at the given distance (Fig. 1.2.2). The 
simulated efficiency of the bi-spectral extraction optics – the ratio between transmitted 
intensities with and without the blades in the direct beam – is about 70–80% for both 
thermal and cold neutrons. 

 
Fig. 1.2.2. Geometry (top view) of the simulated bi-spectral extraction multichannel guide, and a 
sample of simulated neutron trajectories from the cold and thermal sources. 

1.2.4 Neutron transport 

Supermirror neutron guides are planned for neutron transport from the bi-spectral extraction 
optics to the sample position at 157 m from the moderator. The proposed concept results 
from both analytical considerations and optimization by MC simulations. We assume m=4 
coating, except for the long curved guide, where the side walls can have m=3 coating, or 
even m=2 with a minor loss of performance. Further optimization of mirror coating with 
respect to the guide cost is envisaged before construction; however, the above values are 
taken as a model to show a viable guide concept and its performance. 

The constraints to be considered are twofold. The first one is the maximum width of the 
beam of about 20 mm at the pulse shaping and modulation choppers. This value has been 

PD	detector	size:	4	m2	(1	sr).	
Pixel	size:	<	2	mm	x	5	mm.		

BEER	
Engineering	diffractometer	
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VOR       Wide Bandwidth Spectrometer 
C-SPEC     Cold Chopper Spectrometer 
CAMEA      Indirect Geometry Spectrometer 
 
ODIN      Multi Purpose High Resolution Imaging 

  
LOKI      Broad Band SANS 
SKADI      High Intensity SANS 

  
NMX      Macromolecular Diffractometer 
BEER      Engineering Diffractometer 
HEIMDAL     Thermal Powder Diffractometer 
DREAM      Bi-Spectral Powder Diffractometer 
 
FREIA      Reflectometer for liquid interfaces 
ESTIA      Focusing Reflectometer 

          * constantly updated   
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DREAM	
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M.	Henske	et	al.,	The	10B-based	Jalousie	neutron	
detector	–	An	alterna%ve	for	3He-filled	posi%on	sensi%ve	
counter	tubes,	NIMA	686	(2012)	151.		

The	Jalousie	detector	concept	was	designed	
by	CDT	Heidelberg	for	the	POWTEX	
diffractometers	at	FRM2.		

Efficiency of stacked MWPCs  

I. Stefanescu et al., JINST 8, P12003 (2013).  

λ = 4.7 Å 

Flat 

Macrostructured 

n

Anode wire planes 

10B4C converter 

A realistic detector must incorporate 
several Boron layers in order to be 
competitive with the He-3 tube.  

Detector stack used 
to test the efficiency 
of up to 5 MWPCs.  

Powder	and	strain	detectors:	AmCLD	
		
15	layers	@	90°	
εdet	>60%	@	2	Å.	
Pixel	size	<2	mm	x	5	mm	

30 

A1-CLD  as  
arc – detector @ BEER  

  

!Attention! This is 2 Hz ! 

sample	

Texture	(arc)	detectors:	A1-CLD	
1	layer	@	2°	
εdet	>60%	@	2	Å.	
Pixel	size	<2	mm	x	5	mm	

The	Am-CLD	and	A1-CLD	detector	concepts	
were	developed	by	the	HZG/Denex	
collabora'on	in	the	framework	of	the	InKind	
contribu'on	to	the	ESS	design	update	phase	
(2011-2014)	.		

Diffraction detectors for ESS 

à	The	instrument	team	favors	the	
scin'llator	technology.		
	
à	The	ESS	DG	supports	the	
inten'on		of			the	Heimdal		
instrument	team	and	welcomes	the	
use	of	scin'llator	detectors	in	the	
ESS	diffrac'on	instrument	suite.		
	
à	The	ability	of	the	two	detec'on	
technologies	to	work	together,	
thereby	mi'ga'ng	the	limita'ons	of	
a	single	technology,	is	highly	
beneficial.		
	

2.1 Das Konzept

(a) Schematischer Aufbau eines Jalousie Segments.

(b) Schematischer Aufbau eines Jalousie Detektors.
(c) Schematischer Aufbau des POWTEX Detektors

aus Jalousie Segmenten.

(d) Ein Jalousie Segment ohne Haube (oben) und mit Haube (unten).

Abbildung 2.7: Veranschaulichung des Jalousie Designs. 17

beam 

sample 

10B-layers @ 10°, εdet ~ 53% @ 
1 Å. 

“the Jalousie detector” 

voxel 
sense wires 

field wires 

segment 
10B 

η = 10° 

The	same	detector	technology	will	be	used	by	
the	MAGIC	–	XSD	@	ESS.			
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Risks	

Instrument	 Technological	and	engineering	risks	 Schedule	risks	

BEER,	DREAM,	
MAGIC	

low	 •  Detectors	based	on	MWPC,	which	is	a	mature	
technology.		

•  Several	laboratories	are		able	to	provide	large	
quan''es	of	high-quality	10B-coa'ngs	at	
reasonable	prices.		

•  Validity	of	the	BEER	detector	concepts	was		
demonstrated	and	the	first	detector	
prototypes	realized	in	a	previous	R&D	project	
(2011-2014).	A	detector	very	similar	to	the	
DREAM	detector	is	under	construc'on	for	the	
POWTEX	diffractometer	at	FRM2.	

•  Detectors	will	be	built	by	trusted	industrial	
partners	that	already	provided	a	number	of	
detectors	for	use	at	instruments	opera'onal	
at	exis'ng	neutron	scaVering	facili'es.					

•  The	detectors	were	designs	by	the	same	
scien'sts	who	will	built	them.	Issues	related	
to	the	handing	over	the	technology	between	
the	designers	and	manufacturers	are	avoided.		

medium	 •  Delayed	start	of	the	project	
due	to	delay	in	funding.		

•  Both	companies	consists	of	
small	teams	of	people	that	
performs	a	very	specialized	
type	of	work.	There	is	a	risk	
that	unique	workforce	
resources	become	
unavailable	when	they	are	
needed.		

•  For	DREAM	(and	MAGIC),	
any	delays	in	the	delivery	of	
the	POWTEX	detector	could	
lead	to	delays	in	star'ng	the	
produc'on	of	the	
components	for	the	DREAM	
detector.		

HEIMDAL	 medium	 •  Some	R&D	work	must	be	done	in	order	to	
have	a	mature	design	that	meets	the	
requirements,	assuming	that	one	starts	with	
an	exis'ng	module.			

high	 •  Due	to	the	delay	in	deciding	
upon	the	technology,	the	
detectors	are	subject	to	
schedule	risk.		

è	Today	is	about	star'ng	to	reduce	the	risks	by	understanding	the	op'ons		
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SANS	detectors	for	Heimdal	and	BEER	

Instrument	 Posi1on	
resolu1on	
(H	x	V)	

Area	detector	 Integrated	flux	on	
sample,		
(n/s/cm2)	

	
λ-range		
(Å)	
	

Detector	technology	

Comments	 Op1ons	

Heimdal,	SANS	 5	mm	x	5	mm	 1	m	x	1	m	
3	x	1	m	x	0.5	m	

	

~106	
(calculated)	

	

4	-	12	
	

3He	tubes	ruled	
out	by	the	
posi'on	
resolu'on	

requirement.		
	

	
	

Scin'llators,	
10B-based		MWPCs	

BEER,	SANS	 5	mm	x	5	mm	 1	m	x	1	m	
	

~107			
(calculated)	

4.7	-	6.3	

SKADI	 3	mm	x	3	mm	 1	m	x	1	m	 ~109		
(calculated)	

4.5	-	40	 Scin'llators	
	R&D	ongoing	under	JCNS	lead	

Loki	
(low-angle)	

3	mm	x	3	mm	
	

~1	m2	 ~109		
(calculated)	

2	-	12	
	

BandGEM	
R&D	ongoing	in	Milan	

D22@ILL	 8	mm	x	8	mm	 1	m	x	1	m	 ~108		
(experimental)	

4.5	-	40	 3He	tubes	

NGB30m@NIST	 5	mm	x	5	mm	 0.64	m	x	0.64	m	 108	
(experimental)	

5	-	20		 ORDELA	MWPC	(3He)	

KWS1@FRM2	 5.25	mm	x	5.25	
mm	

0.64	m	x	0.64	m	 108		
(experimental)	

	

>	4.7	 Anger	cameras	

è	See	Giuseppe’s	talk	on	Loki		

è	Decision	on	the	detector	technology	for	the	SANS	add-on	can	be	made	later;	several	op'ons	
will	be	available.		



Conclusions and outlook 

•  The	requirements	for	the	powder	diffrac'on	detectors	for	ESS	have	demanding	
performance	criteria	which	go	beyond	the	state-of-the	art	limits.			

•  ESS	diffrac'on	instruments	DREAM	and	BEER	will	employ	10B-based	detectors	for	the	
powder	and	texture	studies,	one	of	the	very	few	technologies	that	can	fulfill	the	
challenging	requirements	in	terms	of	pixel	size,	count-rate	capability	and	detector	
area.		

•  We	support	using	the	scin'llator	technology	for	the	Heimdal	powder	diffrac'on	
detectors	and	hope	that	a	decision	in	that	direc'on	will	be	made	at	this	mee'ng.		

•  The	decision	on	the	detector	technology	for	the	SANS	add-on	can	be	taken	later.	
Several	technological	op'ons	are	expected	to	become	available	in	the	next	year	or	so.	

	
•  The	instrument	projects	must	enter	the	design	phase	with	great	forward	momentum	

in	order	to	meet	the	deadlines	and	budget.		
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Neutron	Detectors	

photons �
or charge �

converter �

n�
collect 

charge or 
photons �

amplify�
gain �

digitise � algorithm�
order may be different, or step skipped�

“Converter” �
“Detector” �

“Electronics” �

Efficient neutron converters a key component for neutron detectors �

+ + 

“DMSC-land” �
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Modular	Instrument	Control	Concept	

Beam	Transport	&	Condi6oning	Area	Beam	Extrac6on	+	Bunker	Area	 Sample	Area	

EPICS	(ICS)	

Detector	
Readout	

160m	

Beam	
Monitors	
Readout	

PSS	ShuEer	
Movement	

Chopper	
Control	

Chopper	
Control	

Detector	
Movement	

Sample		
Environment	

Collima6on	
Changer	

Vacuum	
Control	

CB	 CB	 CB	 CB	 CB+	CB	CB	CB	CB	 CB+	

Instrument	Control,	Data	Acquisi6on,	GUI	(DMSC)	n	

Timing	(ICS)	

• Modularisation to manage key interface �

T.Gahl et al, Proc. ICANS 
XXI (2014) �

arXiv: 1507.01838 !
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Modularisa6on	for	Detector	Electronics	

3	

• Modularisation to manage key 
interface �
• Single in-kind partner (STFC, UK) 
for backend readout �
• Example of synergy with existing 
European expertise to reduce 
developments needed by ESS�
• Adapting rather than developing �
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Pixel	size	

decrease	factor	

Diffrac1on,	
engineering,		

Spectroscopy	(indirect)	

Increase	
factor	
area		

detector	
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