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Project	alloca+ons	for	detectors	

Instrument	 Phase	 ESS	DG	contact	
DREAM	 Kick-off	mee-ng	expected	in	

summer	2016	
Irina	Stefanescu	

BEER	 Kick-off	mee-ng	expected	in	
summer	2016	

Irina	Stefanescu	
	

HEIMDAL	 Kick-off	mee-ng	expected	in	
summer	2016	

Irina	Stefanescu	(tbc)	
	

MAGIC	 -	 Dorothy	Pffeifer	(tbc)	

ODIN	 1	 Tomasz	Brys	
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Work	done	so	far	for	the	diffrac+on	instruments	

Assessment	of	the	detector	requirements	
•  Collected	the	requirements	from	the	proposals.	
•  Assessed	and	evaluated	the	feasibility	of	the	detector	technology	proposed	by	the	instrument	

team.	
•  Iden-fied	the	gap	between	the	performance	of	the	current	detector	technologies	and	the	

detector	requirements	for	a	specific	instrument.	
	
Input	and	feedback	to	the	instrument	teams	on	issues	related	to	detectors		

•  Es-mated	the	expected	detector	rates	based	on	MC-simula-ons,	analy-cal	calcula-ons	and	
comparison	with	data	from	exis-ng	instruments.		

•  Engaged	in	discussions	with	most	of	the	instrument	teams	concerning	the	detector	
requirements	as	well	as	the	technological	op-ons.			

•  Preliminary	discussions/working	visits	with	poten-al	partners	from	industry/universi-es	
interested	to	deliver	the	detec-on	systems	for	the	future	diffrac-on	instruments.		
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Work	done	so	far	for	the	diffrac+on	instruments	

Instrument	 Posi+on	
resolu+on	
(H	x	V)	

Area	
detector	

No	of	
detector	
pixels	

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

	
Δd/d	(90°)	

	

Detector	technology	

Comments	 Op+ons	

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		MAGIC	 4	mm	x	4	mm	

	
3	sr	

(3.4	m2)	
2.1*105	

	
109			

(calculated)	

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,		
under	construc-on	

SXD@ISIS	 3	mm	x	3	mm	 7	sr	
(0.44	m2)	

4*104	
	

6*106		
(experimental)	

	

0.01	 ZnS-based	scin-llators	

Obs:	in	modern	detec-on	systems,	the	number	of	detector	pixels	is	NOT	the	same	as	the	number	of	
electronics	channels!		
The	general	goal	for	readout	systems:		#	of	electronics	channels	<<	#	of	detector	pixels.		
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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	sta9on.	

W.	Schweika	et	al.,	ESS	Instrument	Construc8on	Proposal	DREAM	(POWHOW),	2014.	
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have performed VITESS simulation to investigate performance and benefit from such a new 
moderator. Our results show that the full luminosity gain can be exploited by the instrument 
DREAM for moderator heights of 3 cm and larger, with an average gain of 2.7 for the 
standard wavelength band. For a smaller moderator height, inhomogeneity develops in the 
vertical divergence pattern. A report has been given to the ESS. 

The diffractometer  

The part of the instrument in front of the diffractometer provides a beam definition in 
divergence that is variable up to 0.5°=0.00873 rad, which sets the minimal requests for 
ratios sample size to sample-detector distance and spatial detector resolution to sample-
detector distance. Choosing a sample-detector distance of 1250 mm, the incoming 
divergence is matched for samples and spatial detector resolution up to 1 cm. For 
backscattering the divergence contribution becomes negligible as it scales with cot(θ), and 
vice versa for forward scattering divergence will be the dominant resolution term. 
Considering typical samples of 5mm thickness and scattering at 90°, there is an option to 
improve the incoming divergence to +/- 0.125°.   

For powder diffraction, a cylindrical detector geometry around the beam axis is best adapted 
to the Debye-Scherrer cones and facilitates an easy integretation along the angle ϕ at 
constant θ. The detector will be based on the development by the company CDT for the 
POWTEX instrument, which has achieved a rather high and desirable performance (Ref.11). 
Based on B-10 sputtered Al absorbing cathodes with inclined geometry, the efficiency is 53% 
at 1 Å as calculated and verified by the first detector moduls build. This will be also the 
choice for the PowHow detector. It will have a spatial resolution of 3-4mm horizontally and 
verticallly, important for backscattering and single crystal requirements and it is matched to 
the symmetric incoming divergence. The solid angle will be covered by 6.2 sr practically 
without blind parts. This detector has actually a spatial resolution in 3D, which is needed to 
related detection events in the volume properly to time and wavelength. According to the 
information requested from CDT, the detector developed for POWTEX can be scaled in 
straightforward manner to the larger dimensions needed for DREAM.  

    

Fig. 15. The diffractometer. (side and top view). The cylindrical detector configuration with 
6.2 sr coverage is adapted to the Debye-Scherrer cones around beam axis. The detector is a 
3D wire chamber with B-10 film absorbers of high efficiency, homogeneous 2D response 
with high spatial resolution. Background is reduced by evacuating the primary flight path, a 

2.5$m$
2.5$m$

•  DREAM	requires	a	large-area	powder	detector,	a	back-
scafering	and	a	forward	detector.	

•  Size	powder	diffrac-on	detector:	~9.7	m2	(6.2	sr,	~2π).	
•  Detector	pixel	size:	4	mm	x	4	mm.	
•  Expected	flux	on	the	sample	(MC):		3.4	x	108	n/cm2/s.	

2'

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 

DREAM	will	be	the	ESS	bi-spectral	powder	diffractometer.	
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•  The	powder	diffrac-on	detector	will	be	based	on	the	Jalousie	
concept	(10B-based)		under	construc-on	for	the	similar	
instrument,	POWTEX@FRM2.	

•  The	Jalousie	concept	was	proposed	by	CDT	Heidelberg	(n-
cdt.com).	Same	company	will	deliver	the	POWTEX	detector.	

•  CDT	Heidelberg	was	founded	in	2006	as	a	spin-off	of	University	
of	Heidelberg.	

•  The	company	provides	detector	systems	based	on	10B	(e.g.,	the	
CASCADE	detector	in	use	at	RESEDA	and	MIRA	instruments	
@FRM2).		

	

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
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Abbildung 2.2: Das Jalousie Konzept mit Drähten und Streifen.

zur Ladungsteilung ist die Segmentierung der Lamellen in Streifen, die in rechtem Winkel zu
den Drähten verlaufen. Der Vorteil dieser Methode ist, dass durch eine große Anzahl an Streifen
eine bessere Auflösung erzielt werden kann als per Ladungsteilung. Abb. 2.2 zeigt eine solche
Ausführung mit Drähten und Streifen. Der Abstand der Anodendrähte wird b genannt. Zwischen
den Anodendrähten befinden sich Potentialdrähte, die das elektrische Feld optimieren. Der Ab-
stand der Lamellen wird mit h bezeichnet, während die Anzahl der Lamellen, die ein Neutron
durchquert, die Ausführungstiefe k genannt wird.

Während das Jalousie Konzept in Heidelberg entwickelt wurde, stellten die Entwickler des
POWTEX Experiments [HC08] fest, dass die für ihren geplanten Aufbau mit einem 3He De-
tektor benötigten Mengen an 3He nicht mehr bescha↵bar waren. Bei ihrer Suche nach einem
alternativen Detektorkonzept nahmen sie Kontakt zur Heidelberger Gruppe auf. Es wurde be-
schlossen, einen Prototypen des Jalousie Detektors zu entwickeln, dessen Spezifikationen den
Anforderungen des POWTEX Experiments entsprechen sollten.

2.1.1 POWTEX

Das POWTEX Instrument ist ein Flugzeit Di↵raktometer, das am FRM II Reaktor in München
aufgebaut wird. Untersucht werden Textur- und Pulverproben. Abb 2.3 zeigt den schematischen
Aufbau. Die Neutronen aus dem Reaktor werden von einem elliptischen Neutronenleiter zu ei-
nem Choppersystem geleitet. Der pulse double chopper generiert mit einer Frequenz von 200 Hz
einen Puls mit einer FWHM von 10 µs. Der wavelength band chopper selektiert über die Flug-
zeit das Wellenlängenband von 1,0 bis 2,4 Å. Der frame overlap suppressing chopper blockt alle
Neutronen, deren Flugzeit zwischen erstem und zweitem Choper ein Vielfaches der selektierten
Wellenlänge beträgt. Die ausgewählten Neutronen werden von einem weiteren Neutronenlei-

11

10B-layers	@	10°,	εdet	~	53%	@	1	Å.	

“the	Jalousie	
detector”	

Detectors	for	DREAM	
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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 

M.	Henske	et	al.,	The	10B-based	Jalousie	neutron	detector	–	An	alterna9ve	
for	3He-filled	posi9on	sensi9ve	counter	tubes,	NIMA	686	(2012)	151.		

See	talk	by	Chris+an	Schmidt,	CDT-H,		
this	adernoon	in	the	Detector	
Session.		

Detector)Group)partners
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•  The	detector	technology	proposed	by	the	instrument	team	is	feasible.	
•  Discussions	on	how	to	integrate	this	concept	into	ESS	started	in	May	2015.	
•  Awai-ng	the	BMBF	funds	to	become	available	to	start	Phase	1	design.	

Detectors	for	DREAM	
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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 

Status	of	DREAM	detectors:	

Expected	peak-event	rate	in	detector:	~1	kHz/cm2.	
	è	instantaneous	peak	rate	2.3*104	events/cm2	(14	Hz,	3	ms).	

è  ~2.5*103	events/wire,	as	in	the	preliminary	design	for	the	POWTEX	detector	
the	wire	pitch	seen	by	the	beam	is	6.3*sin(η=10°)	mm.		
è  In	the	geometry	with	stacked	MWPCs,	the	first	counter	records	~50%	of	

the	total	events	hitng	the	detector.		
è  an	event	rate	of	1.2	kHz/wire	(expected	instantaneous	peak-event	

rate)	is	not	expected	to	be	challenging	for	the	readout	electronics.		
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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	Construc8on	Proposal	BEER,	2014.		

Preliminary	drawing	for	the		BEER	sample	sta9on.	
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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 

•  BEER	requires	powder	diffrac-on	detectors,	detectors	for	
texture	studies	(arc	detectors),	SANS	and	NI	detectors.	

•  The	size	of	the	powder	diffrac-on	detectors:	4x1	m2	(~1	sr).		
•  Size	arc	detectors	(texture	analysis):	3	x	0.5	m2	

•  PD	and	texture	detectors	pixel	size:	<2	mm	x	5	mm.		
•  Expected	flux	on	the	sample	(MC):		109	n/cm2/s	(~IMAT	x	100).	
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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 

BEER	will	be	the	ESS	materials	science	and	engineering	diffractometer.	



Efficiency of stacked MWPCs  

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

λ = 4.7 Å 
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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.  
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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.  

9	9	

30 

A1-CLD  as  
arc – detector @ BEER  

  

!Attention! This is 2 Hz ! 
sample	

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

•  The	PD	and	texture	detector	technology	will	be	based	
on	stacked	MWPCs	with	10B-coated	cathodes.	

•  BEER	conceptual	proposal	suggests	detectors	to	be	
delivered	by	the	collabora-on	DENEX/HZG/CTU-REZ.	

•  DENEX	is	a	company	specialized	in	the	manufacturing	
of	2D-posi-on	sensi-ve	MWPC	based	on	3He	(e.g.,	
REFSANS@FRM2).	

•  The	validity	of	the	detector	concepts	proposed	for	
BEER	was	demonstrated	during	the	BMBF-funded	
project	“	German	InKind	contribu-on	to	the	ESS	
upgrade	phase”	(2011-2014).	

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

Detectors	for	BEER	
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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 

Detector)Group)partners

Detector)Group)partners

See	talk	by	Gregor	Nowak,	HZG,	
this	adernoon	in	the	Detector	Session.		
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Status	of	the	BEER	detectors:	

•  The	detector	technology	proposed	by	the	instrument	team	is	feasible.	
•  The	first	BEER-detector	mee-ng	took	place	at	the	HZG	in	March	2015.	
•  Also,	we	planed	mee-ngs	with	the	BEER-detector	team	during	this	IKON.	
•  Everyone	is	awai-ng	for	the	BMBF	funds	to	become	available	to	start	Phase	1.	
	

Expected	peak-rate	on	the	PD	detector:	~1	kHz/cm2.		
	è	instantaneous	peak	rate	2.3*104	events/cm2.	

è  4.6*103	events/wire	assuming	independent	wire	readout	for	a	2	mm	wire	pitch.			
è  geometry	with	stacked	MWPCs	perpendicular	to	the	beam	direc-on,	first	

counter	will	collect	<20%	of	the	events.		
è  an	event	rate	of	~900	Hz/wire	(expected	instantaneous	peak-event	

rate)	is	not	expected	to	be	challenging	for	the	readout	electronics.		
	



Detectors	for	HEIMDAL	

 

MXType.Localized 

Document Number MXName 

Project Name HEIMDAL 

Date 30/03/2014 

Revision MXRevision MXPrinted 
Version 

 State MXCurrent 
 

15(41) 

 

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	sta9on.	

M.	Christensen	et	al.,	ESS	Instrument	Construc8on	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 
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•  HEIMDAL	requires	powder	diffrac-on	detectors,	a	
back-scafering	detector,	several	SANS	detectors	and	
NI	detectors.		

•  The	size	of	the	powder	diffrac-on	detector:	4.7	m2	
(~1.8	sr,	Day-1).		

•  PD	detectors	pixel	size:	<3	mm	x	10	mm.	
•  Expected	flux	on	the	sample	(MC):		2x109	n/cm2/s.	
•  Expected	peak-rate	on	the	PD	detector:	~4	kHz/cm2	

è	instantaneous	peak	rate	9.5*104	events/cm2.		

HEIMDAL	will	be	the	ESS	thermal	diffractometer.	
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•  We	made	contact	with	the	instrument	team	and	discussed	detectors	only	a	few	weeks	ago.		

•  The	instrument	team	is	in	favor	of	a	detector	technology	based	on	scin-llators.		

•  However,	the	pixel	size	requirement	is	beyond	the	limit	of	the	scin-llator	technology	currently	
available	for	powder	diffrac-on	instruments.	

•  We	will	have	a	HEIMDAL	detector	mee-ng	at	PSI	on	March	14.		
	
•  In	Europe,	both	ISIS	and	PSI	have	exper-se	in	scin-llator	detectors	for	diffrac-on	instruments,	

representa-ves	of	both	detector	groups	will	be	at	the	PSI	mee-ng.				



Detectors	for	MAGIC	

X.	Fabreges,	A.	Goukassov,	W.	Schweika	et	al.,	ESS	Instrument	Construc8on	Proposal	MAGIC,	2015.		

•  Size	powder	diffrac-on	detectors:	3.2	+	0.22		m2.		
•  PD	detectors	pixel	size:	4	mm	x	4	mm.	
•  Expected	flux	on	the	sample:		~109	n/cm2/s	(~WISH	x	10).	

•  It	will	use	a	strong	magnet,	therefore	PMT-based	detectors	are	
excluded.	

•  The	instrument	team	favors	the	Jalousie	detector	concept,	
same	as	for	POWTEX@FRM2	and	DREAM@ESS.		

•  Detector	concept	and	-meline	feasible,	MAGIC	expected	to	
become	opera-onal	a|er	DREAM.	

	
	

2'

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 

2'

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 

Sample&sta+on&

Large&area&detector&
+Q30°&ver+cal&
160°&horizontal&

Polariza+on&analysis&
+Q4°&ver+cal&
120°&horizontal&

Op+onal&Fermi&choppers&(clean&elas+c&signal)&
Separate&elas+c&and&inelas+c&contribu+ons&

8T&superconduc+ng&magnet&(large&aperture)&

Proposed&design&

165&m&long&instrument:&Δλ=1.7&A&
BiQspectral&like:&
&&&&&&&&Q&Guide&facing&thermal&moderator&
&&&&&&&&Q&Op+onal&cold&solid&state&bender&&
&
Permanently&polarized:&
Double&ellip+c&guide&coated&with&FeSi&

Full&use&of&ESS&long&pulse&structure&
&&&&&&&&Q&80%&of&produced&neutrons&are&used&
&
2&dedicated&detector&for&maximum&QQcoverage&
&
Limited&divergence&for&highQresolu+on&

8T magnet 
2 detectors 

Polarization analysis 
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Polarization analysis 

MAGIC	will	be	the	ESS	magne-c	single-crystal	diffractometer.	



Work	foreseen	for	Phase	1	

•  Reminder:	aim	of	phase	1	is	to	arrive	at	a	realis-c	scope,	budget	and	schedule	and	strategy	
for	the	instrument	concept.	

	
•  Following	from	this,	the	phase	1	required	work	for	detectors:	
•  Well-defined	and	verifiable	requirements	for	the	detector	performance	based	upon	the	

instrument	requirements.	
•  Cos-ng	of	this,	including	labour	and	integra-on	into	the	ESS	suite.		
•  Schedule	to	achieve	this.		
•  Strategy	and	partners	to	achieve	this,	including	iden-fying	and	mi-ga-ng	risks.	
	

•  NMX	TG2	documents	contain	example.	

•  Detector	group	is	happy	to	assist	you	in	this.		
•  Default	is	to	help	review	the	documents	and	provide	technical	assistance	(nominal	PM).	
•  Further	effort	in	terms	of	work	and	prepara-on	of	documents	should	be	discussed	asap	

to	aid	planning.	
•  We	are	open	to	help	out	here.	



Conclusions, outlook 

•  ESS	diffrac-on	instruments	will	employ	predominantly	10B-based	detectors,	the	only	
technology	that	can	fulfill	the	challenging	requirements	of	the	ESS	diffractometers.	

	
•  While	DREAM,	BEER	and	MAGIC	instrument	teams	have	a	clear	strategy	for	the	

detector	concepts	to	be	employed,	the	detector	technology	for	HEIMDAL	is	s-ll	under	
considera-on.		

•  SANS	and	NI	imaging	detectors	for	BEER	and	HEIMDAL	will	be	taken	care	later.	

•  	None	of	these	instruments	has	a	signed	Technical	Annex	yet.	

•  We	will	con-nue	to	offer	input	and	feedback	in	all	detector-related	issues	whenever	
we	can,	and	hope	that	our	degree	of	involvement	and	tasks	will	become	clearer	in	the	
upcoming	months.		
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