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• ESS-Bilbao joined 
WP4 recently
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• Task 4 is a technical task focussed on challenges in 
neutronic technologies 

• It is about validating and realising these technologies 
• It is about taking novel technologies selected for ESS 

from “Technological Readiness Level” 3-5 to 8-9

• Aim: helping a smooth start 
for ESS scientific output

Technological Risk Reduction



Overview of WP
• WP4 is a technical work package focussed on challenges in neutronic 

technologies
• WP4 aim for the disruptive innovation in terms of the development and 

integration of neutron detectors and moderators currently needed directly 
and indirectly for 9 current and future ESS Instruments. 

• Technological risk reduction for the delivery of the ESS project
• By enhancing moderator and detector capability, maximise the early 

science impact of ESS
• Fundamentally in-kind and collaborative tasks, relying on the expertise of 

partner institutes involved

BrightnESS is funded by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 676548

 

LEU Core scheme

MB 2015 prototype built
and tested in BNC 

Instrument energy resolution
using MG compared to He3



The Technical Challenge
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Technical Challenge for Detectors
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Developments required for detectors for ESS

Task 4.1
“The Resolution Challenge”

Task 4.2:
“The Intensity Frontier”

Task 4.3:
“Realising Large Area 

Detectors”

Task 4.4: “Detector 
Realisation”



Requirements Challenge for Detectors for ESS:
beyond detector present state-of-the art

BrightnESS is funded by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 676548
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Overview of WP
• WP4 aim for the disruptive innovation in terms of the development and 

integration of neutron detectors and moderators currently needed directly 
and indirectly for 9 current and future ESS Instruments. 

• Timeline: September 2015 – August 2017
• Purpose of Tasks:
o Task 4.1: The Resolution Challenge
o Task 4.2: The Intensity Frontier
o Task 4.3: Realising Large Area Detectors
o Task 4.4: Detector Realisation
o Task 4.5: Moderator Testing and Beamline Development

BrightnESS is funded by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 676548
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WP4: Project Management

BrightnESS is funded by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 676548

 

• Work Package Manager: Richard Hall-Wilton
• Deputy Work Package Manager: Judith Freita-Ramos
• Purpose of Tasks:
o Task 4.1: The Resolution Challenge. Task leader: Michael Lupberger (CERN)
o Task 4.2: The Intensity Frontier. Task leader: Francesco Piscitelli (ESS)
o Task 4.3: Realising Large Area Detectors. Task Leader: Anton Khaplanov (ESS)
o Task 4.4: Detector Realisation. Task Leader: Hanno Perrey (Lund U)
o Task 4.5: Moderator Testing and Beamline Development. Task Leader: Laszlo Rosta (Wigner)
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10 deliverables  

5 approved

1 delayed

4 submitted

* according to amended Grant Agreement; timeline shows submission dates (covers M1 – M22)
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Status of WP4  
deliverables

BrightnESS is funded by the European Union Framework Programme for  
Research and Innovation Horizon 2020, under grant agreement 676548 

• 9 deliverables complete so far
• Deliverables up-to-date except D4.8
• D4.8 a couple of months late due to paternity leave and holidays. It is approaching 

completion
• 6 deliverables remaining

Submitted

Submitted



BrightnESS is funded by the European Union Framework Programme for  
Research and Innovation Horizon 2020, under grant agreement 676548 

Status of WP4  
milestones

Del. Rel. 
No. Title Due date Est. Del. 

Date Status 

7 Setting-up of a Technology Transfer Office at ESS 01/12/2015 01/11/2015 completed
36 Issuing of Corporate Identity guide 01/12/2015 01/12/2015 completed
1 Establishment of Regional Hubs 01/01/2016 15/12/2015 completed
37 Establishment of Regional Hubs for Collaboration 01/01/2016 15/12/2015 completed
12 Improvement of the Multi-Blade designs (MSGC and no-amplification) to create prototypes 01/02/2016 17/01/2016 completed
2 Definition of workflows 01/03/2016 29/02/2016 completed
14 Optimisation for bispectral instrument. 01/04/2016 23/03/2016 completed
38 BrightnESS information materials 01/04/2016 25/03/2016 completed
39 1st Outreach Activity Plans for each Cluster 01/05/2016 30/04/2016 completed
15 General design for multi-grid 01/06/2016 01/06/2016 completed
16 Improvement of the counting rate capability. 01/06/2016 27/05/2016 completed
13 Modelling and experimental verification of the new moderator concept 01/07/2016 30/06/2016 completed
17 Detailed plan for detector system integration. 01/07/2016 06/10/2016 completed
40 2nd Outreach Activity Plans for each Cluster 01/10/2016 30/09/2016 completed
18 Optimised design for NMX 01/11/2016 15/11/2016 completed
19 Instrument focused design 01/02/2017 30/01/2017 completed
20 Characterisations of the demonstrators 01/02/2017 26/01/2017 completed
3 1st Organisation of annual IKC conferences 01/03/2017 16/11/2016 completed
32 1st Integrated design review 01/03/2017 02/02/2017 completed
21 Verification of ESPI setup. 01/05/2017 12/07/2017 completed
22 Definition of detector electronics chain 01/05/2017 28/04/2017 completed
23 Technology demonstrator 01/06/2017 30/05/2017 completed
10 Identification of one suitable PPI 01/07/2017 pending
8 Implementation of 6 Training seminars 01/09/2017 pending
24 Natural and enriched Gadolinium convertors possibilities and market strategy 01/09/2017 26/06/2017 completed
33 Event data software test 01/09/2017 pending
6 Accomplished ERIC transfer 01/10/2017 01/10/2015 completed
41 3rd Outreach Activity Plans for each Cluster 01/10/2017 pending
9 1st Organisation of 2 TTO conferences 01/11/2017 pending
4 2nd Organisation of annual IKC conferences 01/02/2018 14/06/2017 completed
25 Evaluation of possible ultra-high resolution detector 01/02/2018 pending
26 Verification of prototype components (BRR & ESS) 01/02/2018 pending
34 2nd integrated software test 01/03/2018 pending
27 Simulations for early ESS instruments and standardised procedures 01/04/2018 pending
28 Verification of moderator and ESPI components 01/05/2018 pending
29 1st Detector construction 01/05/2018 pending
42 Data collection trial completed and data analysed 01/05/2018 pending
43 Socio-economic impact methodology approach and selection criteria validated 01/05/2018 pending
30 2nd Detector construction 01/06/2018 pending
31 Module of detector ready for deployment 01/06/2018 pending
11 2nd Organisation of 2 TTO conferences 01/07/2018 pending
35 Final software delivery 01/07/2018 pending
5 3rd Organisation of annual IKC conferences 01/09/2018 pending
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• 13 milestones complete so far
• 7 milestones remaining



Status  
of KPIs 

from WP4 

BrightnESS is funded by the European Union Framework 
Programme for Research and Innovation Horizon 2020, under 
grant agreement 676548

KPI Planned number (project) Actual number (@M18) 
(Detectors)

Number of publications on 
neutronic technologies

7 15

Number of participation in 
conferences related to 
neutronic technologies

23 (3 Data + 20 Detectors) 32

Number of developed open 
source software packages 6 (2 Data + 4 Detectors) 3

Number of successful 
simulations

6 9



WP4 organisation

WP4 members:
Name Role Partners

Richard Hall-Wilton 
(ESS)

Work Package 
Leader

Michael Lupberger 
(CERN)

Leader of Task 
4.1

ESS, CERN, 
CTU, MiUN

Francesco Piscitelli 
(ESS)

Leader of Task 
4.2

ESS, BNC, LU

Anton Khaplanov 
(ESS)

Leader of Task 
4.3

ESS, ILL

Hanno Perrey (LU) Leader of Task 
4.4

ESS, LU

Laszlo Rosta (BNC) Leader of Task 
4.5

BNC

BrightnESS is funded by the European Union Framework Programme for Research and Innovation Horizon 2020, under grant agreement 676548 



Activities and results not (yet) achieved
• All activities on track
• Deliverables: D4.8 Monte-Carlo Simulation for early instruments (Task 4.4). Work 

complete, draft text exists, needs formatting and editing: imminent 
• Delayed due to paternity leave and summer period

• In a good state at this point … all work up and running … all partners at full speed
• Impact on risk reduction for ESS project on neutron detectors for instruments and low 

dimensional moderators is being felt 
• Provision of neutron detectors for instruments has gone from high technical risk to a 

normal technical risk as a result of work undertaken in past years: This is a very 
significant impact of brightness



Costs
• Spent 47% of total at 60% through the project 

• Reason for underspend: recruitment at most 
partners delayed from the start of the project 
(back weighted costs) 

• Also: subcontracted costs scheduled later in project 

• Discussion has taken place with all underspent 
partners. Action plan developed in all cases.  

• Will continue to monitor costs towards end of 
project

WP4

Subcontracting Costs

Travel Costs

Direct Costs

Personnel Costs 49 %

33 %

66 %

26 %

47%
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Task4.1: The Resolution Challenge

•NMX: <<1mm position resolution requirement, 
Time Resolved, ca. 1m^2 detector area
•Take Micro Time Projection Chamber concept 
from CERN ATLAS experiment upgrade
•Resolution: use single layer Gd, look for 
electrons

the Gadolinium conversion electrons have not only on average a far larger range, but also do not
leave a straight ionization track. Figure 2 shows the typical curved track of a 70 keV electron in
Ar/CO2 70/30 as simulated with Degrad [25].
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Figure 2: Track of 70 keV electron in Ar/CO2 70/30 simulated with Degrad.

3. Experimental setup

3.1 Beam line and detector setup

For the detector tests at JEEP II, the monochromator of the R2D2 beam line was optimised to
deliver mono-energetic neutrons of 2 Å, with a maximum flux of 11 kHz at a beam size of 2⇥2 cm2.
The beam line was equipped with a beam monitor, two sets of movable collimating slits made of
borated Al blades, and a calibrated 3He tube 3a.

The detector under test was a standard 10 x 10 cm Triple-GEM [26] detector flushed with
Ar/CO2 70/30 mixture at 10 stl/h. It consisted of three standard GEM foils stacked at a distance of
2 mm from each other and powered with a resistor chain. The current through the resistor-divider
was set to 730 µA in order to obtain an effective gain of about 5000. The conversion volume or drift
space was 10 mm long, and as cathode served a 250 µm thick sheet of natural Gadolinium. Natural
Gadolinium contains 14.80% of 155Gd and 15.65% of 157Gd, the remainder are Gd isotopes without
significant cross section for thermal neutrons. The high voltage to the cathode was provided with a
second power supply, and a drift field of 700 V/cm was chosen to avoid electron attachment to elec-
tronegative impurities and the subsequent loss of primary ionization electrons, while keeping the
drift velocity smaller than 2.0 cm/µs [27]. Given the large thickness of the cathode, the converter
was used in reflecting mode, i.e. the neutron beam, impinging orthogonally to the detector, cross
the readout board and the GEMs before reaching the Gadolinium cathode as shown in figure 3b.
In this way the conversion electrons do not need to traverse the entire Gadolinium thickness in
order to reach the active volume, which leads to a higher neutron detection efficiency. On the other
hand the scattering of the neutrons in the detector material decreases the position resolution and
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The s of the position resolution amounts to 320 µm for the µTPC concept and 2025 µm for the
centre-of-mass approach. The results of all analysed regions can be found in table 1. The s of the
position resolution is everywhere better than 350 µm for the tape edges and the µTPC technique.
The values for the beam edges are indicative of the divergence of the collimation system and the
scattering of the beam. Even here the µTPC technique is usually a factor two better then the centre-
of-mass approach. Table 2 shows the results of the measurements with the 2 cm x 2 cm beam. Since
the edges of the in the 2 cm x 2 cm beam hit distribution in figure 7c are a combination of beam
edge and copper tape edge, the resulting position resolution amount to on average 500 µm.
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Figure 9: 3 mm x 10 cm collimated beam P3: Distribution of the reconstructed y coordinate using
a center-of-mass-based technique (in blue) and the µTPC analysis (in red).
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(a) Detector under test at R2D2 beam line.
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(b) Schematic representation of the detector.

Figure 3: Measurement setup at R2D2 beam line with collimation slits and Triple-GEM detector
in reflecting configuration.

Gadolinium contains 14.80% of 155Gd and 15.65% of 157Gd, the remainder are Gd isotopes without
significant cross section for thermal neutrons. The high voltage to the cathode was provided with a
second power supply, and a drift field of 700 V/cm was chosen to avoid electron attachment to elec-
tronegative impurities and the subsequent loss of primary ionization electrons, while keeping the
drift velocity smaller than 2.0 cm/µs [27]. Given the large thickness of the cathode, the converter
was used in reflecting mode, i.e. the neutron beam, impinging orthogonally to the detector, crossed
the readout board and the GEMs before reaching the Gadolinium cathode as shown in figure 3b.
In this way the conversion electrons do not need to traverse the entire Gadolinium thickness in
order to reach the active volume, which leads to a higher neutron detection efficiency. On the other
hand the scattering of the neutrons in the detector material decreases the position resolution and
the efficiency. Geant4 simulations of the detector under test indicate that due to the scattering only
80% of the 2 Å neutrons reach the converter, where all of them are captured. In 51% of the capture
reactions conversion electrons are created, of which in 15% of the cases at least one reaches the
drift space. The expected efficiency in reflection mode is therefore 0.8 times 0.15 or 12%.

The efficiency measurement was carried out using a 0.2 x 2 cm collimated beam. First the
3He tube was installed directly behind the second set of slits, and a rate of 11 kHz was measured
with the 3He tube. After the removal of the 3He tube, a Cd sheet was placed in front of the GEM
detector, and a rate of 3.7 kHz measured with the GEM detector. Finally the Cd was removed, after
which the GEM measured a rate of 4.7 kHz. Apparantly the thermal neutron beam was dominated
by a high amount of background. Under these conditions the measured efficiency of (4.7 kHz -
3.7 kHz) / 11 kHz or 9.1% comes reasonably close to the simulated efficiency of 12%.

3.2 Detector readout and DAQ

The readout board was a cartesian x/y strip readout [28] with 256 strips and 400 µm pitch in x
and y direction. Four APV-25 [29] hybrid chips per readout were used to pre-amplify the signals.
The waveforms were digitized with the Scalable Readout System (SRS) [30] and acquired with
the ALICE DAQ system DATE [31] and the Automatic MOnitoRing Environment (AMORE) [32]
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Figure 6: (a) Schematic drawing of setup for tracking, (b) Position resolution of < 200µm measured with
10B4C

shown in figure 7b.

(a) (b)

Figure 7: (a) Picture of 10B4C coated cathode with copper grid, (b) Plot of hit distribution with clearly
visible sharp edges between regions with and without hits

Figure 6a shows the track of an ↵ particle in the drift volume. Charges created close to the cathode
drift towards the first GEM amplification stage. At an electric field of 1 kV/cm, the drift speed of
electrons in ArCO2 (70%:30%) is in the order of 4 cm/µs, which is slow in comparison with the speed of
m/µs and faster at which the ↵ particle and the conversion electrons propagate. Therefore the charges
from the end of the track close to the GEM foil are amplified first and induce a signal in the readout,
whereas the electrons from the beginning of the track arrive last. The µTPC concept uses now the
time structure of the induced signals on the strips to determine the start and end of the tracks. The
analog readout chip APV25 [20], which has 27 time bins of 25 ns length, was used in combination with
the Scalable Readout System (SRS) [21] to acquire data with a Boron-GEM and a Gd-GEM. The time
di↵erence in the described setup should amount to 200 ns or 8 time bins, but is slightly reduced by
di↵usion. Figures 8a 8b show two typical tracks of an ↵ particle and a conversion electron. The y axis
displays the time bin of the APV25, and the x axis is the strip number of the readout strip (400 µm
pitch). Beginning and end of the track are clearly visible. A simple constant faction discriminator was
used to determine the time at which the signal in each strip reached 50 % of the final amplitude. The
strip with the highest threshold crossing time indicated then the start of the track. Figure 6b compares
the position resolution obtained with the µTPC concept (in red) to the center-of-gravity approach (in
blue) for ↵ particles. The position resolution extracted from the fit of the ERF functions is �=1 mm for
the center-of-mass-based reconstruction and �=200 µm for the µTPC concept. The µTPC concept thus
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Figure 6: Charged particle track in the drift volume of the Triple-GEM detector with Gd cathode.

the resulting curved path that the conversion electrons travel in the drift volume. However with
the a particles from 10B4C [20] and their straight path, the waveforms just had one maximum. To
identify the start of the track, it was thus sufficient to determine for each strip the time t where
the rising flank of the pulse reaches 50% of its maximum amplitude (7a). The start of the track
was then the strip with the largest t. For the Gd conversion electrons one reaches better results
when using the time of the global maximum (7b) or the time when the falling flank falls below a
set threshold (7c). The best results are obtained when the time of the last local maximum is used
(7d). Interpreting the track as a point cloud composed of local maxima, an approach based on the
Principal Component Analysis (PCA) [35] has been tested to reconstruct the whole track. It did
not lead to an improvement in position resolution compared to the last local maximum algorithm,
and was discarded due to the considerable computational effort.

Figure 8a shows the cathode with copper grid that was used for the measurement. The copper
grid was added to stop the conversion electrons from escaping from the converter into the gas. It
provides a sharp edge to measure the position resolution in addition to the edge of the collimated
beam, which is widened by the scattering of the neutrons in readout board and GEM foils. Both
types of edges can be seen in the plot of the hit distribution 8b. To determine the improvement in
position resolution due to the µTPC analysis compared to the traditional center-of-mass approach,
the regions with a large step in the hit distribution were studied.

Figure 9 shows as example the analysis of the position resolution in region P3 of the 0.3
x 10 cm collimated beam in figure 8b. The standard deviation s of the position resolution is
extracted from the fit of the complementary error function to the data. The reconstructed position
obtained with the µTPC concept (last local maximum) is shown in red, the centre-of-mass approach
in blue. The s of the position resolution amounts to 320 µm for the µTPC concept and 2025 µm
for the centre-of-mass approach. Since the Copper tape did not stop all conversion electrons, an
improvement of the position resolution is to be expected in presence of a sharper edge. The results
of all analysed regions can be found in table 1. The s of the position resolution is everywhere
better than 350 µm for the tape edges and the µTPC technique. The values for the beam edges
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Ultrasonic Welding of Gadolinium
Large cathodes possible

Task4.1: The Resolution Challenge
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First design draft of the
NMX demonstrator

Patrik Thuiner
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VMM3 hybrid VMM2 hybrid

50x50cm demonstrator under production now

Electronics Test Beam this summer:
Performance encouraging



Mittuniversitetet

Collimated beam
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Detector – Timepix3 with Gd or B4C

• Pixel matrix: 256 x 256 pixels, Pixel pitch: 55 x 55 um2
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Task4.1: The Resolution Challenge
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• Pixel matrix: 256 x 256 pixels, Pixel pitch: 55 x 55 um2
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Task4.2: The Intensity Frontier 
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Tests March 2016 at BNC (HU)

Counting rate capability: no saturation observed up to 22kHz/mm^2 

ca. 0.4mm x resolution

Task4.2: The Intensity Frontier 
F. Piscitelli et al., The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron Reflectometry at ESS, JINST 12 (3) P03013 (2017).
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Task4.2: The Intensity Frontier 

• Blade substrate changed from Al to Ti and SS
• Absolute understanding of alignment

• Individual readout for every wire and strip

Preliminary

Data taken at  
Wigner-BNC  
recently

Raw data
Next: scientific 
demonstration on 
reflectometry 
instrument(ISIS,UK)



Task4.3: Realising Large Area Detectors
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Figure 5: Drawing of the new grid developed for the RAMSES MultiGrid 
 
 

a) b)  c) 
Figure 6: Evolution of the grid design 
a) The IN6 prototype studied during the CRISP project with 6 columns of 16 grids (new tests with an 
AmBe source will be described in this report). 
b) The RAMSES detector with 2 columns of 16 grids. The solid angle is the same as in a). 
c) one column of 16 RAMSES grids already mounted. 

 
Each radial blade has been welded on both sides on the frame to compensate mechanical 
deformation in order to prevent short circuits between the grids, which are at only 0.5 mm 
distance from each other. With this design it is not necessary to machine the slits by wire spark 
erosion as was done for CRISP: the first and the last radial blades play the same role as the 
slits in the IN5 design. More details on the grid mounting are given in annex 2. 
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Figure 1: Scheme of the gas delivery system 

 
The detector is located in the TOF chamber. At any time, the extreme limit of differential 

pressure between the two volumes is fixed at 50 mbar. If for any reason, the value, which is 
permanently monitored with a differential pressure gauge DPG, exceeds the limit, the safety electro-
valve EVs is automatically open and the detector is shut down. In case of electrical failure, this valve is 
Normally Open (N.O.). 

To regulate the pressure inside the TOF chamber that constitutes a closed volume with possible 
gas entrance (detector leak or TOF chamber leak), the system is provided with a dual valve pressure 
controller DVPCc. The supply is connected to fresh air and the exhaust to the regulation pumping station 
Ps. To regulate the pressure inside the detector, the system is equipped with a single valve pressure 
controller SVPCd connected to the gas mix supply. The flow of gas is monitored thanks to two 
flowmeters Fi_LF and Fi_HF, each of them being dedicated for different ranges of flowrate. As the pressure 
controller is dimensioned for low flowrate, a by-pass electro-valve EVd has been foreseen to allow 
purging the pipes more efficiently and dong high flowrate flushing. The gas mix inside the detector 
needs to be flushed permanently at low flowrate (<50 mL/min) and low pressure (50-100 mbar) due to 
outgassing components. This is made through the leak of the detector plus the flow controller FCo_LF 
which can control precisely the desired flushing rate. The detector leak is measured by the difference 

Much engineering work presently ongoing.
Two examples from work carried out at ILL: 
• Studies of increasing grid size to reduce dead areas
• Into gas delivery if detector pressure is below atmosphere



Task4.4. Detector Realisation
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• Source Facility available at Lund University
• Detector testing possibility in Lund with (fast and 

thermal) neutrons, gamma
• Heavily used for all ESS detector activities
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Readout Strategy – Generic System 

 

43 

There are three logical layers 
in the generic readout layout 

 
Front end digitizes signals and 

timestamps 
 

Region processor collects data 
to perform zero supression, 

matching etc.  
 

Back end interfaces to ESS 
systems, and sends data 

Readout#Model#–#Generic####

• Detailed plan for realising an integrated detector 
readout (D4.1)

• Cross-linked with Task 5.1

Task4.4. Detector Realisation
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• Interface between WP4 and WP5 a key interface for ESS instruments
• The sum of this interface defines the data acquisition path for neutron detector data at ESS
• Close and collaborative working relationship

• Joint Kickoff meeting for task 5.1
• WP4+5 Jamboree workshop 9-10 November 2016 in Copenhagen on event formation
• WP4+5 Jamboree workshop 9 May 2017, Daresbury on data format & technical specification of data links
• 2nd WP4+5 Jamboree workshop on event formation planned in a couple of weeks

Work Package 4 and 5 Cross Links

8 

Figure 5: Decomposition of the detector electronics readout into various discrete parts of the readout system. 

A plan for all these aspects of the detector readout implementation exists. In many cases, 
preliminary selection of possible hardware has been made, and implementation is underway. The 
logical aspects of the detector readout, broken down into parts of the systems, is shown in figure 
6 below, as blocks. The individual tasks that are needed to perform this integration are shown as
clouds.   

Figure 6: The project plan for the standardized detector electronics readout integration. Blocks represent functions 
within the detector electronics. Clouds represent tasks required. 
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Next steps
• 6 WP4 deliverables remaining
• 7 WP4 milestones remaining 
• Mainly technology demonstrators from BrightnESS 

• Risks for the delivery of WP4: (mitigation)
• Relationship between partners: (open collaborative working between partners ; good project 

management)
• Interface with WP5 Data:  (joint working meetings, shared responsibility for interface)
• Work permit for key person
• Technically, risks are under control 
• Continuing impact of BrightnESS after end of project (open dissemination of results, seek 

opportunities for continuation of collaborations developed)

BrightnESS is funded by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 676548

 



BrightnESS is funded by the European Union Framework Programme for 
Research and Innovation Horizon 2020, under grant agreement 676548

Richard Hall-Wilton
Detector Group Leader
European Spallation Source ERIC
Mobile: +46 72 179 2089
E-mail: richard.hall-wilton@esss.se

A novel SANS detector geometry!
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An alternative detector design for Small Angle Neutron Scattering (SANS) applications is currently under development at the 
European Spallation Source (ESS) [1].  Given the unavailability and high price of 3He, this detector design utilizes gaseous 
detectors with 10B as neutron converter and is ideally suited for a SANS instrument at the ESS. The novel aspects of the 
geometry,  exploiting  the properties  of  the converting  material,  in  combination  with  the performance of  the detector  are 
addressed by means of  analytical  calculations,  as  well  as  detailed Monte Carlo  simulations  using a  customized version of 
GEANT4. Last but not least, progress from the conceptual prototype design is presented.!

•  gaseous detector banks 10 m long, 0.5 m in diameter!
•  simple, cheap and material-oriented design!
•  excellent polar angle resolution δθ/θ < 10 %!
•  10B4C-coated Al layer in back-scattering mode for maximizing 

efficiency [2,3]!
•  Ar/CO2 gas mixture!
•  high efficiency thanks to the grazing angle!
•  small impact of local scattering on angular resolution!
•  collimation for reduction of long distance scattering!

YZ cross section of the proposed SANS detector!

•  GEANT4 simulations of realistic geometry!
•  combination of GEANT4 and McStas libraries (NXSLib) for proper treatment of thermal neutrons!
•  tools in place to begin with detailed optimization studies!
•  preliminary results on the scattering background of the proposed geometries for background reduction (material thicknesses have been 

exaggerated to enhance the effect)!

Analytical calculations of the polar angle resolution, efficiency, Q access and Q resolution for the detector banks surrounding the vacuum tank [4]!

•  ESS has entered the detector prototyping phase !
•  First attempt focusing on a simple single channel gas counter!
•  The 10B4C converter sheets partly cover the interior of the pipe!
•  First signals obtained at the ESS Detector Lab!
•  Next focus on a SANS prototype with realistic geometry!

Preliminary simulations of polar 
angle scattering effects with 
different neutron energies for the 
proposed geometries, aiming on 
background reduction.!
!
•  No absorbing flanges (left)!
•  Multiple absorbing flanges (right)!

Proportional counter with a single absorbing 10B4C sheet (a), 
end cap with gas supply (b) and electronics (c).!

Coated components for the 
SANS prototype are available!

SUMMARY

•  Analytical calculations of the proposed SANS detector pave the way to realistic simulations!
•  Preliminary GEANT4 simulations of background scattering available!
•  Realistic detector optimization now possible – simulation tools in place and operational!
•  Simple prototype will be used to validate simulation results on scattering at small scattering angles!
•  Next step of prototyping is a realistic SANS geometry!

(a)! (b)! (c)!

Oscilloscope trace of the counter (persistent mode)! In terms of ESS project risk, impact of 
BrightnESS is to move detectors and 
novel moderators from being high risk 
technical items into a normal level of 
risk

BrightnESS reduces the level of risk 
for the delivery of the ESS project 

A big thank you to all our partners for a successful first half
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