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The	DREAM	instrument
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• DREAM	will	be	the	ESS	powder	
diffractometer	

• Partners:	FZ	Jülich (D)	and	LLB	(F)	(76-24)

• Short	instrument	(~76	m)	
• Expected	flux	on	sample	~109	n/s/cm2

• Agreed	budget	for	the	“competitive	
configuration”:	13.7	M€,	of	which	3.4	M€ is	
allocated	to	the	detector	system	and	beam	
monitors.

[7] 
 

build a second sample station behind DREAM for purposes outside the DREAM scope (see 
section 3.12). In this case an additional shielding wall and a second heavy shutter will be 
needed between sample station 1 and 2 in order to enter station 2, while the beam is open 
in station 1. The final beam stop would be located behind the second sample station. 

 

 

Figure 1  DREAM beamline in Hall 1 at beamport S3;  top: 3d view, bottom 2d cross sections 

 

Figure 2  Components inside the bunker area 

 

 

Hall	1,	beamport S3
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The	DREAM	detector

Betriebshandbuch, Montageanleitung und Stromlaufplan 9. März 2015

Der mechanische Aufbau eines Detektorsegments gestaltet sich konkret wie folgt (vgl. im Anhang A die
Abb. A.1):

• Gesamtaußenmaße: Länge x Tiefe x Höhe = 2316 mm x 455,5 mm x 15,1 mm (Probenzugewandt) /
22,8 mm (Probenabgewandt).

• trapezförmiges Zählgasvolumen: Länge x Tiefe x Höhe = 1719,2 mm (Probenzugewandt) / 2316 mm
(Probenabgewandt) x 250,4 mm x 15,2 mm (Probenzugewandt) / 22,8 mm (Probenabgewandt).

• Das aktive Zählgasvolumen wird durch eine 300 µm dünne Mittelkathode aus Aluminium in 2 ak-
tive Detektorvolumina unterteilt. Deren Maße sind: Länge x Tiefe x Höhe = 1600 mm ( Proben-
zugewandt) / 2316 mm (Probenabgewandt) x 250 mm x 7,05 mm (Probenzugewandt) / 22,8 mm
(Probenabgewandt).

• Nach außen werden die beiden Detektorvolumina durch eine 300 µm dünne Aluminiumhaube abge-
schlossen, die eine Rahmenlose Eintrittsfensterfläche zur Streuprobe hin realisiert.

• Das Gesamtgewicht eines Detektorsegments inklusive seiner gesamten Ausleseelektronik beträgt ca.
10 kg.

• Die geneigte Anordnung unter ⌘ = 10� mit 10B beschichteter Lamellen ermöglicht in Kombination
mit einer realisierten Ausführungstiefe von k = 4 potentiell treffbaren Lamellen bzw. Bor-Schichten
eine Nachweiseffizienz von 55 - 72% für Neutronen mit 1 - 2,5 Å Wellenlänge.

Abbildung 3.2: Darstellung des Aufbaus des POWTEX Mantelflächendetektors aus einzelnen Jalousie De-
tektorsegmenten. Im Hintergrund ist der Stirnflächendetektor schematisch dargestellt, an den sich der Man-
telflächendetektor fast nahtlos und mit minimaler Blindfläche anschließt.

Der zylinderförmige POWTEX Detektor wird an seinen beiden Stirnseiten jeweils mit einer eigenen De-
tektorfläche abgeschlossen sein, die sich möglichst nahtlos und mit minimaler Blindfläche an den zentralen
Zylindermantel anschließt. Zu diesem Zweck ist jedes Segment an den beiden seitlichen Enden unter 45�

nach hinten geführt und wird mit je einem Endblock abgeschlossen. Diese sind dafür verantwortlich, dass
das Segment in einem umlaufenden ringförmigen Außengestell aufgehängt und in seiner Position fixiert
werden kann (s. Abb. 3.2). Des weiteren befinden sich an den seitlichen Enden die Zu- und -ableitungen
für das Zählgas.

www.n-cdt.com 8 c� 2015 CDT GmbH

Mantle	detector:	θ=45°-135°,	φ~2π;
Backward:	θ=135°-168°;	
Forward:	θ=12°-45°;

“Mantle”	or	
“Barrel”

Sample
Backward	
detector

Forward
detector

“Mantle”-segmentDetector	technology	based	on	stacked	MWPC	with	10B-coated	
cathodes.	Designed	by	CDT	Heidelberg	for	the	POWTEX	
instrument	at	the	FRM2	research	reactor.	
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CDT

The 10B based Jalousie 
neutron detector 

Our solution for POWTEX 
as alternative for 3He 

filled PSD counter tubes

“Mantle”-module

The	mantel	(barrel)		detector	consists	
of	hundreds	of	segments	with	a	
trapezoidal	shape.

Segment	length=2.2	m,	
depth=35	cm,	height	~	2	cm.			

n



The	DREAM	detector	
preliminary	technical	characteristics
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CDT

The 10B based Jalousie 
neutron detector 

Our solution for POWTEX 
as alternative for 3He 

filled PSD counter tubes

One	detector	segment	=	two	MWPCs
Each	wire	and	strip	independently	readout	

Voxels

Anode wires
Field wires

Cathode strips coated with 1.2 
μm B4C on each side
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sample

320	cathode	strips	with	Δθ=0.28°.	
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arfield version 7.41.

voxel

Wire	readout

Anode	wire	(HV)

Field	wires	(ground	potential)

1.1	m

n

~2.1	cm

~2.5	cm

~1.2	cm
~1.1	cm

The	independent	readout	of	the	wires	and	cathode	
strips	forms	a	3D	matrix	of	32	(wires)	x	320	(cathode	
strips)	=	10240	non-identical	sensitive	elements	
(voxels).	
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Powtex module	(=8	segments)	irradiated	at	
TREFF@FRM2	in	Dec.	2016.	

The	DREAM	detector

Neutron	beam

Module	with	8	segments	at	10°

Neutron	beam

Concept	for	the	data	analysis:	

• Max	2	voxels	can	detect	the	
energy	lost	by	the	reaction	
product	emitted	towards	the	
gas		(either	alpha	particle	of	
7Li).	

• the	interaction	voxel	is	the	
voxel	that	records	the	highest	
energy	deposited.	

Simulation	for		Powtex@FRM2

6	segments	will	be	mounted	in	a	common	frame	=	detector	module

The	modules	will	be	installed	in	the	detector	frame	such	that	the	angle	between	the	incoming	beam	and	the	Boron	
layers	is	10°.

Counting	gas:	Ar-CO2 (80-20)	in	continuous	flow.

n,	4.7	A
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[51] 
 

 

Figure 30  The new proposed, better balanced detector configuration V1 

6.3  Performance of “Full Scope” configuration at 2 MW 
Shall the full scope of the instrument be achieved before the user operations phase, a 
considerable improvement of scientific performance is anticipated. The simulation results 
of the full scope instrument at 2 MW are depicted Figure 31, essentially scaling with the 
increase in detector coverage by a factor of 3.    

 

 

Figure 31  Simulations of “Full Scope” configuration performance at 2MW (grey) compared with 
simulations for WISH (blue) and POWGEN (brown) instruments.  Bottom panel shows the 
simulated diffraction pattern of Na2Ca3Al3F14. Top panels show selected diffraction peaks at 
various resolutions ∆d = 0.002 Å and 0.004 Å. 

 

In terms of intensity DREAM will outperform the closest competitors by a factor of 30 in 
intensity at similar resolution further improving the world-leading performance of the 
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o weak moments, phase diagrams of superconductors, multiferroics  
–   feasible, but little impact because even the cold peak flux does not 
match with the Q-range > 5Å-1 of the backscattering bank. 

o orbital, charge ordering, magnetic exchange and imposed distortions  
-  feasible by powder diffraction  
such weakest signals require single crystal diffraction not only in 
backscattering 
 –    not feasible without more detector coverage below 135° 

x Large unit cell materials: MOFs, thermoelectrics, molecular sieves, H2-storage: 
– not feasible without more detector coverage below 135° 

x In-situ studies of in operandi batteries, multiphase material, catalysts 
o Proposed 1 ms real time resolution – could be ~10 ms for different balance 

of detector coverage, more emphasis at 90° 
– Such measurements will need two settings to cover efficiently the low 

Q-range, not feasible without more detector coverage below 135° 
x Nanostructures 

o PDF combined with structure determination from powder diffraction will 
be highly competitive   

o Multiple length scales including shape and morphology is not feasible 
without HR-forward detector 

Analyzing the scientific performance, most of the applications require high efficiency also 
at a lower Q-range of 1 Å -1 to 5 Å -1, with the peak flux of the cold moderator at O~2.2 Å. 
Here, we realized that the emphasis to backscattering was too strong and a more balanced 
distribution of detectors is important. Apart from the small Q capability for 0.01 Å-1 as still 
excluded by the agreed scope, essentially all of the cases can be improved with giving more 
weight to diffraction at lower angles to a level that the instrument will deliver all the 
science cases at a performance level that is typically an order of magnitude in flux and 
efficiency above current state-of-the-art diffractometers. In Table 5,  we present more 
balanced detector configuration (Figure 30) with cost-neutral changes.  

Table 5 Version V0 (September 2016) denotes the “Competitive” detector layout as agreed during 
Scope setting meeting. Version V1 (November 2016) denotes the new modified configuration. 

 
 
 
 
 
 
 
 
 
 
 

Detector config. V0 V1 Full Scope 
Detector banks d: (sr) d: (sr) d: (sr) 
HR Forward 0.6°-12° 0 0 0.14 
Forward      12° - 45° 0.06 (12°) 0.29 (60°) 1.30 (270°) 
Mantle         45°-135° 0.46 (18°) 0.77 (30°) 2.23  (91°) 
Backward 135°-168° 1.02 (216°) 0.61 (132°) 1.30 (270°) 
HR Backward  >168° 0.14 0.14 0.14 
Total coverage  1.68 (33%) 1.81 (35%) 5.11 (100%) 

6	x	2	x	32	x	320	voxels	per	detector	module	
=	122	880	electronics	channels/module

4	mantel	modules	(24	segments)	should	
be	available	for	hot	commissioning		

The	DREAM	detector	
preliminary	technical	characteristics



The	readout/DAQ	will	be	based	on	the	current	Powtex readout	system,	also	developed	by	CDT.

ASIC1

ASIC2
ASIC3

ASIC4

Der	Powtex Jalousie	Mantelflächendetektor,	Betribshandbuch,	Montageanleitung,	Stromlaufplan,	2015	CDT	GmbH,	www.n-cdt.com
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CDT

The 10B based Jalousie 
neutron detector 

Our solution for POWTEX 
as alternative for 3He 

filled PSD counter tubes

event-mode	data

Four	64-ch	CIPx cards	(AS20)	:	1	for	the	anode		
wires	(32),	3	for	the	cathode	strips	(192).

The	POWTEX	detector		at	FRM2
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The	DREAM	detector	
preliminary	technical	characteristics

• Users	have	access	to	the	1D	and	2D	histograms	in	ASCII	format;	use	the	software	of	choice	for	graphical	
representation.		

• Each	ASIC	has	a	analog	output	that	can	provide	the	PHS	for	a	specific	channel	(wire,	strip)

P071216_0011.pad
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Matlab representation	
of	the	2D	data	from	
Powtex
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The	DREAM	detector	
preliminary	technical	characteristics

• DREAM	will	use	five	ASIC	boards	for	the	cathode	strips	and	one	for	the	wires	per	detector	segment	=	6	64-ch	
ASICs/detector	segment

• A	larger	FPGA	might	be	needed	by	the	more	demanding	DREAM	data	flow.	

Readout	electronics	for	DREAM,	Internal	document,		CDT-ESS,	June	2016.

 

Readout Electronics for DREAM 
MXName 

 

C:\Users\feygen\ownCloud\DREAM_MF\TollGate2\Attachments\S.Kolya_Readout electronics for DREAM.docx 5 (10) 

 
 
Note the following: 

x Where multiple time bins are hit the time is set to the earliest hit. 
x A hit on the anode triggers the correlation process with cathode signals.  
x In a simple analysis, correlation will fail if more than two hits (or only one hit) is seen in the 

200 nsec window depicted in green. 
x Correlation will also fail if there is another hit 100nsec away from any hit in the potential 

pairing (eg outside the green but inside the purple above). This is not the CDT conception 
which is elaborated below.  

It was also noted that the algorithm deals with arrival time at the wire, and that drift time differences 
make it difficult to precisely map this back to arrival time of the neutron. There was no definitive 
answer to the question of what is the shortest time between neutrons arriving (converting) within the 
same module where we can guarantee that the hit matching will not fail. This is certainly less than 
1usec, but also certainly more than 200nsec. It was noted that even if two neutrons convert 
simultaneously in a module, they may still be individually resolved if the drift times of the tracks differ 
significantly (eg by ~200nsec).  
CDT view: The underlying assumption for the correlation is that a signal arriving at the wire 
simultaneously and instantaneously creates signals on anode and cathode with identical structure in 
time. Two neutron signals can thus be distinguished as long as the time of arrival of the first charge 
cluster at the wire differs by 100ns. Signals that originate from one neutron conversion may differ in 
time through walk effects, as anode signals are higher by a factor of two (see above). For this reason, 
the algorithm inspects signals on anodes and searches for coincidences with a maximum one time bin 
difference on the cathodes. This is why CDT computes rate capability with a coincidence window of 
100ns. Experience at lower rates shows that this is a viable procedure. CDT will collect and 
communicate further experimental statistics on the precise timewise structure of events at lower rates 

• The	ASIC	operates	at	10.4	MHz	è time	bin	=	100	ns.	
Neutron	pulses	in	up	to	3	time	bins	and	3	voxels.	

• Event	reconstruction:	valid	neutron	event	if	an	anode	
event	(x)	exists	with	a	cathode	event	within	200	ns.		
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Status	of	the	DREAM	detector	project

• The	DREAM	instrument	is	currently	in	phase	2.	
• TG3	scheduled	before	the	end	of	the	year.
• Hot	commissioning	planned	by	mid	2021.	

• Technical	Annex	for	work	with	a	duration	of	18	months	was	signed	in	July	2017.
• Early	procurement	approved	funding	for	the	design,	construction	and	experimental	verification		of	a	

mantel	module	(6	segments)	and	a	12°-sector	for	the	forward/backward	detector,	hardware	
development	for	readout	electronics	(new	FE	ASIC	card,	FPGA	board,	compatible	clock/timing	
implementation)	and	adaptation	of	the	detector	readout	firmware.	

• Same	detector	technology	selected	by	the	MAGIC	(Tranche	1)	and	Heimdal instruments	(Tranche	2).

• The	principal	risk	of	the	DREAM	detector	WU	is	of	a	delay	and	labor	cost	overrun	due	to	the	
complexity	of	the	project	and	the	capability	of	the	CDT	company	to	deal	with	several	projects	that	
are	in	various	stages	of	execution	but	running	in	parallel.	

• We	follow	closely	the	development	of	the	POWTEX	detector,	which	is	in	an	advanced	stage	of	
execution/testing.		
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Geant4	simulations	for	the	Powtex Jalousie	detector

Objectives	of	the	simulation	project: deliver	a	model	of	Jalousie	that	can	be	used	to	study	the	detector	
performance	in	terms	of	efficiency,	time	and	position	resolution,	the	background	signal	generated	by	the	
scattering		of	the	neutrons	in	the	various	detector	components,	but	also	be	able	to	simulate	the	diffraction	
pattern	of	a	known	diffraction	sample.		

2014 JINST 9 C12008

Figure 10. Bragg reflections from a sample of Na2Ca3Al2F14 in the most back scattering panels.

Figure 11. Comparative plots from four other panels of the Bragg reflections from a sample of
Na2Ca3Al2F14.

4 Discussion and future work

The complete detector array for the WISH diffractometer has now been successfully installed and
commissioned. The position resolution of the whole array is as expected and specified leading to
excellent data quality. To date, WISH is now producing the largest volume of data from any of the
ISIS TS2 instruments. In the very near future two large tanks filled with argon will fill the void
between the sample vacuum vessel and the detectors in order to reduce neutron scattering from the
1.5m air path that currently exists. This should improve the data quality even further, especially in
the forward scattering region.
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WISH,	experimental*

*D.	Duxbury	et	al.,	IOP	JINST	9,	C12008,	2014.	

Powder	diffraction	studies	are	about	being	able	to	measure	diffraction	patterns	from	complex	crystals.

FPSchool 02/2008

Oxford Neutron School – Diffraction - 2013
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=√( δt
t )

2

+( δ L
L )

2

+(δθcot θ)2

Quality	of	the	PD	spectra	
determined	by	the	instrumental	
resolution:	
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Geant4	simulations	for	the	Powtex Jalousie	detector

Simulation	strategy:	model	the	readout	
voxels	as	trapezoids	made	of	Ar-CO2 gas	
and	place	them	side-by-side	to	fill	the	
space	between	the	cathode	plane	and	
detector	housing.	

Wire	1

Wire	16

In	a	MWPC	the	position/time	resolution	is	determined	by	the	geometry	of	the	counter,	the	physics	of	the	media	
involved	(neutron	converter,	counting	gas)	and	the	physics	of	the	low-energy	electrons	produced	in	the	ionization	of	
the	gas	(drift,	amplification).	

Each	gas	voxel	is	centered	on	a	sense	wire	and	is	located	between	field	wires.

16	x	192	gas	voxels	per	counter	=	16	x	192	readout	voxels	per	counter

n tof
Ei+1

Ei

voxeli voxeli+1
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Geant4	simulations	for	the	Powtex Jalousie	detector

Validation	of	the	simulation	strategy:	comparison	between	the	calculated	and	measured	strip	resolution

discussed. Gamma signal rates are suppressed by many orders of
magnitude though quantitative conclusions remain difficult with
the gamma fluence unknown but certainly high and much higher
than with well-optimized beam lines on dedicated research
reactors such as ILL or FRM II.

The Jalousie detector prototype segment was then mounted
into the beam such that the angle of incidence could be varied. A
scan of detection rate versus incident angle is depicted in Fig. 8.
The data is compared to the theoretical expectations as elabo-
rated in Eq. (6) corresponding to the mean wavelength of 1.5 Å
and the pre-determined boron thickness of 1:2 mm. The intensity
was varied and a constant, experimentally determined epithermal
background present at the TRIGA beam-hole added.

Further, a first attempt to determine the spatial resolution on
the cathode strips was realized. The detector was moved in front
of the collimated beam along the cathode strips. Fig. 9 shows the
measured intensity of one cathode strip of 7.22 mm width. The
Gaussian fit gives a resolution of 7.85 mm FWHM, whereas
the intrinsic and digitizing resolution amount to 4.9 mm FWHM.
The observed broadening is consistent with the width of the beam
conditioned by a slit of 1.6 mm and a 0.51 beam divergence,
adding 5.1 mm to the width of the beam at a distance of 40 cm

together with another broadening of 3.4 mm due to the center of
gravity distribution of the charge distribution in the counting gas.

5. Summary and outlook

The Jalousie detector has been realized in first prototypes.
Adequate operating parameters could be confirmed and qualitative
results could be determined in a test at the Mainz TRIGA-reactor
thermal neutron source. Precise quantitative results on detection
efficiency and spatial resolution, however, need to be realized on a
well-defined and characterized beam of a research neutron reactor.
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TS-2	ISIS	
moderator

Save	Vitess neutron	trajectories	here.	

n

Na2Ca3Al2F14
sample

Vitess GEANT4

GEANT4	model	for	Jalousie	or	WISHVitess model	for	WISH

Input	trajectories	in	the	GEANT4	ParticleGenerator

The	trajectories	of	the	neutrons	scattered	by	the	Na2Ca3Al2F14 sample	obtained	with	the	Vitess model	for	WISH.		
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x

y

sample

sample

The	Geant4	model	for	the	Jalousie		detector

z

x

The	Geant4	model	for	the	WISH	detector
(760	3He-filled	tubes	with	a	diameter	of	8	mm	
diameter	and	1	m	long).	

Position	resolution	along	the	tube	implemented	by	
filling	the	tube	with	8-mm	high	cylindrical	gas	
voxels.	

Geant4	simulations	for	the	Powtex Jalousie	detector
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Geant4	simulations	for	the	Powtex Jalousie	detector

Comparison	between	the	simulated	and	
experimental	Na2Ca3Al2F14	diffraction	pattern

• good	agreement	for	the	peak	density	and	
position

• good	agreement	for	the		height	of	the	peaks
• background	not	included	in	the	calculation	
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FPSchool 02/2008

Oxford Neutron School – Diffraction - 2013

TOF resolution function

δd
d

=√( δt
t )

2

+( δ L
L )

2

+(δθcot θ)2

85°≤2θ≤	95°

λ =	2·d·sinθ

δt,	δL,	and	δθ are	the	uncertainties	in	TOF,	flight	
path,	and	scattering	angle,	respectively.	
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Conclusions	

• I	tried	to	give	an	overview	on	the	current	status	of	the	DREAM	detector	project

• 1/3	of	the	detector	must	be	ready	by	2021,	but	the	first	TA	was	just	signed	è this	
might	indicate	that	the	whole	project	is	seriously	late.	

• However,	the	supplier,	CDT	Heidelberg,	delivered	some	really	nice	stuff	in	the	past
(e.g.,	CASCADE	detectors,	beam	monitors,	etc.).	

• Lods of	experience	gained	and	important	lessons	learned	from	the	delivery	of	the	
Powtex detector.	These	put	the	DREAM	detector	project	well	ahead	other	detector	
projects	at	ESS.	


