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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)!



Outline
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•ESS Status 
•Closeout of BrightnESS project 
•DAQ 
•Where we are: Status of Tollgate 3 associated reviews 
•What we are doing: Detectors for Baseline Instruments at ESS





ESS Status



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

676548 
 

ESS Construction - April 2019



ESS Construction Status

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

676548 
 

ESS Construction - April 2019



webcam view from this morning 



NSS Project scope: 15 neutron instruments + 
test beamline + support labs 

ESS Instrument Layout (September 2017)

ESS In-Kind Partners also collaborate 
on sample environment, data 
management, lab fitout (D04, D08, 
E03 & E04) etc. 

ESS Lead Partners for 
instrument construction

ODIN

DREAM

NMX

MIRACLES

T-REX

MAGIC

BIFROST

HEIMDAL

FREIA LOKI
VESPA

ESTIASKADI

+  

+  

C-SPEC

+  Nuclear Physics 
Institute

BEER

Test Beam Line
D07

D08

D04

E03

E04



Baseline schedule for Neutron Beam 
Instruments  
(NSS MS V4.2) 
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2016    2017      2018     2019     2020     2021     2022     2023    2024      
2025    2026

* NBI = Neutron Beam Instrument

West 
sector

North 
sector

East 
and 

South 
sectors

Current  
date

SOUP 
(3NBI*)

BOT  
& HC

8NBI*  
in User 
Progra

m

FS

• First 3 NBI selected for SOUP: 
DREAM, LOKI & ODIN (best 
chance for early impact, as 
agreed by NSS, SAC and ESS 
Council) 

• Back-up instruments: (for risk 
of late access to D01 & D03) 
BEER, CSPEC, MAGIC or 
BIFROST, ESTIA

Preliminary Design 
Detailed Design 

Manufacturing & Procurement 
Installation & Integration 

Hot Commission/Early science  
Operation

March 2023: 
• First Science (FS) with 

expert teams on some of 
instruments above  

• Review progress of first 3 
NBI for SOUP, implement 
backup plan if needed. 

FS



Status at Closeout of the BrightnESS project 
2018



Technical Challenge for Detectors

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

Task 4.1 
“The Resolution Challenge”

Task 4.2: 
“The Intensity Frontier”

Task 4.3: 
“Realising Large Area Detectors”

Task 4.4:  
“Detector Realisation”

NMX, ODIN

ESTIA, FREIA,  
Beam Monitors

All instruments:  
Electronics, 

testing, 
simulation, 

quality

CSPEC, TREX

The biggest impact to ESS: Detectors are now a 
“normal” risk item

Final status is >40 publications 
related to detectors from BrightnESS



Electronics & DAQ



    …    …    …    …    …    …    …    …    …

ICS DMSCMFE MFE MFE

Readout Architecture

Steven Alcock, Detector Group, 2nd July 2019

Backend Master

MFE

ADC ADC ADC

MFE

ADC ADC ADC

MFE

ADC ADC ADC

Internal Routing and Aggregation

ICS (timing/slow control) DMSC (science data)

Detector Channels

FEA 

FEE

FEA 

FEE

FEA 

FEE

FEA 

FEE

FEA 

FEE

FEA 

FEE

FEA 

FEE

FEA 

FEE

FEA 

FEE

20172018

2017

2018

2019-2020

2019

2019

2018-20191st end-end DAQ 
demonstration

End of 2019


3 different 
implementations very 
close:

LOKI/BCS/CAEN

MG/MB/Gd-GEM/VMM

Jalousie/CDT


Probably readout for 

12 (of 15) instruments

2020/2021: moving 
this into a production 
system



Task 3 Status Update : FE Assister 
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Since last meeting
• 4 x boards at RAL.
• Boards ‘awake’ and RefClk- &

JitterCleaner- IC’s programmed/tested

Next steps
• Complete tests & make a Ring-of-4
• Larger tests need a solution for 

i) Power supply ii) Cooling ...
• (Enquires for support from Dorothea

Pfeiffer ...)

Timing Distribution

Steven Alcock, Detector Group, 2nd July 2019

• Front ends connected to Master via 8b/10b encoded SFP+ links. 
• ESS clock used to generate these links – can be recovered and forwarded by 

each front end (similar concept to Synchronous Ethernet). 
• The ESS timestamp can therefore be forwarded to all the front ends, forming 

a single distributed synchronous system. 

• Assister firmware run on 
assister hardware 

• Next step: demonstrate 
large rings



Injecting charge into wires of 
MultiBlade Boron-10 detector

Injecting charge into strips of 
MultiBlade Boron-10 detector
Signal on monitoring output

• Successful test of VMM3a hybrid with MB
• MB: Charge injection into:

• Wires (negative polarity, AC coupled) 
• strips (positive polarity, DC coupled) 

• Successfully read out with VMM3a via analog monitoring output 
and digital data in continuous mode

• Gain 1 mV/fC , 200 ns shaping time

VMM3a 
Multiblade test at Utgard December 2018



VMM3a 
Multigrid test at STF Summer 2019

• Analog matching of 
VMM to MG succesful

• After solving mapping 
and noise issue, 
successful reconstruction 
of source position

• Wires and grids read out 
with VMM3a gain of 
1mV/fC

• Optimization: Matching 
of detector gain to 
VMM3a gain to use full 
range of 10 bit ADC 

VMM works on MultiGrid detector!



Status of Projects: Tollgates and IKON



Status of Tollgate 3 associated reviews
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Instrument CTV 
Tender Verification

IDR 
Intermediate Design Review

Sub-TG3 
Tollgate Review

DREAM 

LOKI Vessel: done

ODIN Jan20

ESTIA Mar 20 Aug 20

BIFROST Vacuum tank: done. 
Detectors: Dec19

Vacuum tank: done Detectors: Jun20

CSPEC Vacuum tank design: done. Vacuum Tank & Detectors 
June 20

Vessel&Detectors, 
May&Sep20

MAGIC Feb20

BEER Jan 20 Apr 20



Detector Sessions at IKON Meetings
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Dedicated detector sessions (1 day) at each IKON to ensure communication and good collaboration

Project Status & 
Performance

Mechanical Locations & 
Integration 

eg. Last IKON17:

https://indico.esss.lu.se/event/1230/timetable/#20190911.detailed

Session on Beam Monitor Common Project

2 detector sessions:

Services, DAQ, Slow 
Control

Aim is detailed status of detector projects

Rotate between instruments and projects

Collaboration: mixture of instrument, in-kind, internal presenters

And a final 
morning session 
in NSS/detector 

workshops 

https://indico.esss.lu.se/event/1230/timetable/#20190911.detailed


Technology Choices



Detector Technology Choices for Initial 15 Instruments

21

Instrument class Instrument sub-class Instrument Key requirements for 
detectors

Preferred detector 
technology

Ongoing developments 
(funding source) 

Large-scale 
structures

Small Angle Scattering
SKADI

Pixel size, count-rate, area
Pixellated Scintillator SonDe (EU SonDe)

LOKI 10B-based BandGem

Reflectometry
FREIA

Pixel size, count-rate 10B-based 
MultiBlade (EU BrightnESS)

ESTIA MultiBlade (EU BrightnESS)

Diffraction

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

HEIMDAL 10B-based Jalousie

Single-crystal diffraction 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 (HZG)

Imaging and tomography ODIN Pixel size Scintillators, Multi Channel 
Plates (MCP)

Existing technologies

Spectroscopy

Direct geometry C-SPEC Large area  
 (3He-gas unaffordable) 
Count rate, Background 

10B-based 
MultiGrid (EU BrightnESS)

T-REX MultiGrid (EU BrightnESS)

Indirect geometry BIFROST Count-rate 3He-based He-3 PSD Tubes

MIRACLES 3He-based He-3 PSD Tubes

VESPA Count-rate 3He-based He-3 PSD Tubes

Good dialogue and close collaboration needed for successful delivery and integration arXiv:1411.6194



Baseline Detector Technologies for Initial Suite

22

Detectors for ESS will comprise 
many different technologies

1
1

3

1
10

Diffraction: 4 instruments

Direct Spectroscopy: 3 instruments

SANS: 1 instrument

Reflectometry: 2 instruments

SANS: 1 instruments

Indirect Spectroscopy: 3 
instruments

Imaging: 1 instrument

NMX: 1 instrument

He-3 PSD Tubes

SoNDe

Gd-GEM

Various Jalousie (3) 
Am-CLD (1): B-10 MWPC

Multi-Grid

Multi-Blade

Boron Coated Straws



Run through of the instruments for ESS
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Will show: 
•Diffraction: DREAM, MAGIC, HEIMDAL  

•Jalousie Detector  
•Reflectometry: ESTIA, FREIA  

•MultiBlade Detector 
•Spectroscopy:  

•MultiGrid for CSPEC, TREX  

Will show briefly: 
•Engineering: AmCLD for BEER 
•NMX: Gd-GEM for NMX

I will not go through: 
•SANS:  

•Boron Coated Straws for LOKI (Davide shows) 
•SoNDe for SKADI (Ralf shows) 

•Spectroscopy: BIFROST (Kelly shows) 
•As ODIN (imaging), VESPA, MIRACLES 

spectroscopy) are standard technologies, no 
details shown



JALOUSIE Detector Design: DREAM, MAGIC, HEIMDAL



JALOUSIE Detector Design: DREAM, MAGIC, HEIMDAL

25
6

beam

 30 

5 Sample Exposure and Characterization System 

5.1 Sample Environment (13.6.18.2.3) 
MAGiC will be a high throughput, polarized single crystal diffractometer capable of very fast 
measurements. In order to accommodate a large number of experiments and facilitate fast 
sample environment equipment (SEE) turnaround, the guidelines provided by SAD must be 
closely followed during design and construction phases. The checklist from SAD is attached 
to this document. 

5.1.1 Dimensions  
Around sample position, an 800-mm diameter free sample space has been reserved to 
accommodate for any sample environment equipment (up to XL type according to the SAD 
definition). The XL type SEE can be installed inside the cave using the instrument crane. The 
height of entrance doors to the cave is 3 m, allowing the separate delivery of the box and 
cylinder components, without removing the roof.  
 
 

 
Figure 5.1.1: aerial view of the sample space surrounded by the radial collimator and the 
two detectors. The sample space diameter is of 800 mm and occupied by a superconducting 
magnet. 
  

MAGIC-Jalousie detector

be
am

HEIMDAL-Jalousie detector

Document	Type	 Design	Description	 Date	 Oct	22,	2018	
Document	Number	 ESS-0452467	 State		 Preliminary	
Revision	 1	(1)	 Confidentiality	Level		 Internal	

	

6	(37)	

1. SCOPE	

This	 document	 provides	 description	 of	 the	 technical	 solutions	 for	 corresponding	 sub-
system.	Interfaces	with	other	sub-systems	are	considered.	Description	of	how	each	high-
level	requirement	(see	TG2	System	Requirements	document)	is	addressed	by	the	technical	
solution	 is	 provided.	 Aspects	 of	 operation,	 maintenance	 and	 compliance	 with	 ESS	
requirements	are	discussed.		

2. ISSUING	ORGANISATION	

Forschungszentrum	Juelich	

3. NEUTRON	DETECTION	SYSTEM	(13.6.8.3.2)	

The	detectors	 for	DREAM	 instrument	 are	 based	on	 the	 detectors	 solution	 for	 POWTEX	
instrument	at	FRM	II	developed	by	Cascade	Detector	Technology	(CDT)	company.		They	are	
based	on	10B	absorber	sputtered	on	Al	cathodes	with	inclined	geometry	and	high	detection	
efficiency.	The	early	procurement	of	 the	first	detector	modules	 for	end-cap	and	mantle	
detectors	 have	 begun	 in	 September	 2017	 and	 procurement	 for	 detector	 readout	
electronics	in	April	2018.		The	tests	of	production	modules	with	neutrons	are	anticipated	
in	spring	/	early	summer	2019.	

3.1. General	Sub-System	Layout	
DREAM	detectors	consist	of	the	following	parts:	two	end-cap	detectors	for	forward	and	
back	scattering,	high-resolution	and	SANS	detector,	and	mantle	detector	located	behind	
the	sample	vessel	(see	Figure	1).	

																							 	

	

Figure	1	Side	view	of	DREAM	detectors	in	the	full	scope	

HR	back 
mantle 

back forward 

SANS 

beam

DREAM-Jalousie detector

Segments mounted parallel 
to the beam axis

Segments mounted 
perpendicular to the beam 
axis

The Jalousie detectors at ESS

•Diffraction Instruments use JALOUSIE 
detector design 

•From CDT in Heidelberg 
•Originally developed for 

POWTEX@FRM II 
•Barrel like geometry for DREAM 
•Cylinder like geometry for MAGIC, 

HEIMDAL

The Jalousie detector technology

3
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CDT

The 10B based Jalousie 
neutron detector 

Our solution for POWTEX 
as alternative for 3He 

filled PSD counter tubes
The detector was designed by the company CDT CASCADE Detector Technologies for 

use in the POWTEX diffractometer (still) under construction at FRM2.

! The company was founded in 2006 as a spin-off company from the University of 

Heidelberg. 

" Focus: 
10

B -area detectors for thermal and cold neutrons as complete system 

solutions with electronics and software. 
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-

CASCADE-BM 2D-32, positon sensitive monitoring

©
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5 
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-

CDT CASCADE Detector Technologies GmbH

! Founded in 2006 as spin-off of Physikalisches Institut Heidelberg

! Focus: 10B based area detectors for thermal and cold 

neutrons as complete system solutions with 

electronics and software

" JALOUSIE detector, the alternative for 3He PSDs                           
# large areas, medium resolution    #### extra presentation

" CASCADE 2D-200 – high rates GEM-based solution with 
extraordenary contrast of 105. # expansion to 2D-300

" CASCADE-MIEZE – special variation to resolve 1MHz intensity 
variations

" CASCADE Beam Monitors

" UCN detectors

" ASIC and FPGA-based multi-channel readout electronics

" Customers: FRM-II, FZJ, PSI, ILL, KIT (IBR-II), KACST (Saudi 
Arabia), IHEP (China), KEK (Japan) via REPIC
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Detector Segments in Production at CDT GmbH
current capacity:

3 segments per week
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Requirements for detectors for the ESS diffraction
instruments 

2

Rate capability 10x state-of-the-art 
(pressurized 3He tubes, scintillator-based detectors) 

(109 n/cm2/s on sample)
10B – based MWPC 

in inclined 
geometry 
(Jalousie)

Position resolution 2x better than the state-of-the-art 

(DREAM: 5mm x 10mm, HEIMDAL/MAGIC: 3mm x 6mm)

Efficiency ≥ state-of-the-art

(>50% at 1 Å)

Large area and availability of 
neutron converter 

unclear availability for the 3He gas 
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The Jalousie detector technology
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Our solution for POWTEX 
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Beam axis 
10°

segment depth

Inclined geometry

Benefits: increases the efficiency of a single layer, improves the spatial resolution and count rate 
capability

Disadvantage: more complicated mechanics    

10 nominal interactions è ε>50% at 1 Å

JALOUSIE Detector Design: DREAM, MAGIC, HEIMDAL
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The Jalousie detector technology
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Detector Requirements 
and Technology Choices

Pre-production contract started ca. 18 
months ago for DREAM detector design 

to expedite schedule and evaluate 
performance issues

Evaluation of simulated performance for 
HEIMDAL: I. Stefanescu et al., JINST 14 
(2019) P10020 



JALOUSIE Detector Design: DREAM, MAGIC, HEIMDAL
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Early procurement modules
• Mantle: 
§ boron coated detector cathodes to be applied in φ -inclination of 10°
§ central cathodes segmented and shaped to cover fixed Δ2θ intervall

§ 3D hit position (voxel) 

§ barrel diameter of 2200 mm results in 3400 mm long detectors

3

• End-cap 
§ build up in φ by 12°-segments sub-structured in 4 submodules
§ 3D hit position (voxel) 

§ mechanics with a lot of individual designed parts mounted 
with several 
different rotation angles (complicated voxel map)

3
4
5
6

3

Test of DREAM end-cap segment at ESS test beamline 
• Goals of measurements
§ functional test of end-cap segment under operation conditions
§ verification of complicated 3D-voxel structure with validity check of position reconstruction

§ demonstration of detector capability by sample measurements 

• Experimental setup at V20@HZB
§ mounting of 12° end-cap segment in backscattering

geometry similar to later arrangement at DREAM
§ total angular 2θ-range ~138° - 166°

§ average of LToF about 30 m from source chopper

§ measurements with source -& WFM-chopper
§ usage of POWTEX readout electronics

§ side-shielding of detector with B4C
§ frame also designed for later use with mantle detector

5

6

Detector + shielding Backside Ar-box

Sample 
stage

DREAM forward/
backscattering banks

Testing setup on V20@HZB

•DREAM backscattering detectors 
from pre-production contract tested 
at V20 beamline in June



JALOUSIE Detector Design: DREAM, MAGIC, HEIMDAL
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Test results: Ni-powder measurements w. WFM-chopper

11

Raw ToF-spectrum 
only with T0 correction ToF-spectrum with

stitching according to 
chopper windows 
time shift delays

ToF-spectrum with
empty Vanadium can
subtraction

• Succeeded in process of stitching spectrum according to WFM chopper windows. 
• Further refinements will be done.

Test results: Cu & graphite w. source chopper

8

Parameters for Ltof,chopper timing etc. together with 
hit times allow for wavelength calculations. Values 
match well with peak wavelengths of Cu and graphite.

Comparison of Cu crystal 
measurement with and 
without Ar box. No difference 
visible.

without

with

•Data w/ Cu and graphite, broadly as expected 
•Geometry can be understood 

•Ni-Powder measurements w/ WFM chopper 
•Data can be corrected and stitched together 

• Data from complex geometry can be understood

Complex geometry: Further 
demonstration on diffraction 
instruments will be needed 
to be ready for first science

Preliminary Preliminary 

Preliminary Preliminary 
Preliminary 



MultiBlade Detector Design for Reflectometry: 
ESTIA and FREIA



The Multi-Blade project

Multi-Blade
sample

neutrons

wires X

subs
trate

neutrons
θ strip

s Y
10B4C

MWPC

θ = 5 degrees

A single Boron layer inclined at 5 degrees

A cassette 
(unit)

neutrons

θ
neutrons

θ
10B4C

10
B
4C

θ = 5 degreesθ = 90 degrees

Efficiency 45% at 2.5ÅEfficiency <5% at 2.5Å

High counting rate capability  

High spatial resolution
10B-detector for reflectometers

Task4.2: The Intensity Frontier 

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

F. Piscitelli et al, Journal of Instrumentation 12, P03013 (2017) -
 doi: 10.1088/1748-0221/12/03/P03013 , arXiv:1701.07623



130mm

100m
m The cassettes (units)  

are placed horizontally

Resolution 0.5mm

Resolution 3mm

n



70mm

262mm

262mm

upgrade
~600 

~900 

Side view

Multi-Blade

Top view

Ar/He 1bar+

Ar/CO2 1bar+

Al foil50 blades

Curvature towards the sample



efficiency 44% @ 2.5 Å 
57% @ 4.   Å 
82% @ 12  Å

spatial resolution 0.5 x 3.5 mm2

uniformity ±1.5%

stability 2% (over days)

counting rate capability 
(peak rate)

>3.5 kHz/mm2 (lower limit) 
>60kHz / 30mm2 (lower limit)

gamma-ray sensitivity < 10-7 (with 100keV threshold)

fast neutron sensitivity < 10-5(with 100keV threshold)

gas gain 60

overlap 50% eff. drop in 0.5mm gap
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x3 better than state-of-the-art

x20 better than state-of-the-art

G. Mauri et al., Results of the tests at AMOR (in preparation). 
F. Piscitelli et al., Characterization of the Multi-Blade 10B-based detector at the CRISP reflectometer at ISIS, JINST 13 P05009 (2018). 
G. Mauri et al., Neutron reflectometry with the Multi-Blade 10B-based detector, Proc. R. Soc. A 474: 20180266 (2018). 
G. Mauri et al., Fast neutron sensitivity of neutron detectors based on boron-10 converter layers. JINST 13 P03004 (2018). 
F. Piscitelli et al., The Multi-Blade Boron-10-based Neutron Detector for high intensity Neutron Reflectometry at ESS, JINST 12 P03013 (2017). 
F. Piscitelli et al. Study of a high spatial resolution 10B-based thermal neutron detector for neutron reflectometry: the Multi-Blade prototype, JINST 9 P03007 (2014).

Multi-Blade characterization 

x100 better than state-of-the-art

as good as state-of-the-art

~

33

<1% with better precision

Performance 
requirements met

Next tests: D50 and 
D17 @ ILL Nov19 
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Multi-Blade measurements Helium-3 measurements 

100 keV threshold

0.65 ~ Thermal-cold neutron efficiency (2.5Å) 

∼ 10-3 Fast neutron sensitivity 

< 10-7 Gamma sensitivity 

G. Mauri et al., Fast neutron sensitivity of neutron detectors based on boron-10 converter layers.  
JINST 13 P03004 (2018).

G. Mauri et al., Evidence of fast neutron sensitivity for 3HE detectors and comparison with 
Boron-10 based neutron detectors.  EPJ TI accepted.
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neutrons

detector

MB detector

Selene 
guidesample

flight tube

November 2018 - AMOR reflectometer @ PSI

WP5 Data Acquisition software chain has been developed during BrightnESS (WP5 - i.e. DMSC/Data) and tested @ AMOR
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ESTIA Instrument Proposal

x100 better than He-3 (from 
instrument proposal)

Preliminary 



NiTi sample

θθ

DIVERGENT
Multi-Blade

Selene guide using the ReFocus principle 

sample

detector

NiTi Multilayer November 2018 - AMOR reflectometer @ PSI

ESTIA Selene guide and High intensity mode 

38

Divergence of the beam : 1.6 degrees

ESTIA Instrument Proposal



NiTi sample

θθ

DIVERGENT
Multi-Blade

Selene guide using the ReFocus principle 

sample

detector

Angle 1: 1.4deg Angle 2: 2.2 deg Angle 3: 3.2deg

Combination of 3 angles
NiTi Multilayer November 2018 - AMOR reflectometer @ PSI

ESTIA Selene guide and High intensity mode 

39

Divergence of the beam : 1.6 degrees

(ToF,y) (θ,λ)

(θ,λ)

(θ,λ)

(θ,λ)Preliminary 



Combination of 3 angles
NiTi Multilayer November 2018 - AMOR reflectometer @ PSI

ESTIA Selene guide and High intensity mode 

40

(θ,λ)
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ESTIA Instrument Proposal
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MeasuredSimulated

Scientific Performance for all 
proposed operational modes shown

Preliminary 



MultiGrid Detector Design for Direct 
Spectroscopy: CSPEC and TREX



Task4.3: Realising Large Area Detectors

BrightnESS is funded by the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 676548 
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Multi−Grid
He3

B10 Multi-Grid Detector 
Performance is equivalent 
to that of He-3 detectors

CNCS@SNS

A.Khaplanov et al. “Multi-Grid Detector for 
Neutron Spectroscopy: Results Obtained on 
Time-of-Flight Spectrometer CNCS" https://
arxiv.org/abs/1703.03626  
2017 JINST 12 P04030

Technology 
demonstrated, ready 

for deployment

Similar test for thermally 
optimised detector planned 
for August on SEQUOIA

https://arxiv.org/abs/1703.03626
https://arxiv.org/abs/1703.03626


2017 JINST 12 P04030

Figure 15. Evolution of the Bragg reflection on the surface of the MG detector. The top row of images
show the front projection and the bottom row show the side projection of the image in the detector. Each
image, from left to right, advances by 30 µs. The pulse of neutrons can be seen traveling from the front of
the detector to the rear. The position of the pulse shifts by approximately 2 pixels to the right and down over
the duration of the pulse, as seen in the front projection. This is due to the variation of the incoming energy
in the pulse — and therefore, reflection angle (as far as allowed by crystal mosaicity and beam divergence).

other position sensitive 3He tubes, such as on SEQUOIA [27]. This is not seen in the Multi-Grid
detector, as, on one hand, the rate is spread over 16 detection cells for each voxel, and on the other,
a much lower gas gain is used, meaning that the residual space charge from each interaction is
lower. Additionally, the position is reconstructed using coincidence and is only sensitive to the
simultaneous detection of two signals, whereas in charge division, position reconstruction relies on
the comparison of amplitudes readout at two ends of a tube.

3.2.2 Fast neutrons

For the fast neutron measurement, we varied the energy of the incoming beam and observed the
features of the ToF spectra. While there may be Bragg reflections at these settings, they were not

– 18 –

Rate performance: MultiGrid vs Helium-3 PSD

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

A.Khaplanov et al. “Multi-Grid Detector for Neutron Spectroscopy: Results 
Obtained on Time-of-Flight Spectrometer CNCS" https://arxiv.org/abs/
1703.03626 2017 JINST 12 P04030

2017 JINST 12 P04030
Figure 16. Evolution of the Bragg reflection in 16 tubes of the 3He detector array. Each image, from left
to right, advances by 30 µs. Large variations of the reconstructed position along the length of the tubes can
be seen as a function of time for tubes that experience the highest intensity. The arch-shaped feature that
appears in the right top and bottom corners of the images is a powder-like reflection from aluminium in the
sample environment. Note that 16 of the 2-m tubes are shown, i.e. twice the width and twice the height of
the Multi-Grid detector image in figure 15.

hitting either the Multi-Grid detector, nor bank 50 of the 3He array. We look instead at neutrons
scattered incoherently and fast neutrons, which are emitted isotropically.

Fast neutrons behave quite di�erently to thermal neutrons and generally constitute a background
in neutron scattering experiments. There is a component of fast neutrons produced in the atmosphere
by cosmic rays. These are of course, uncorrelated in time with the pulses of thermal neutrons
delivered to the sample, and so contribute to a time-independent background. At a spallation
source, fast neutrons are produced by the proton beam collisions with the target. The intention
is to moderate as many of these as possible, in order to use them for scattering, however, some
escape the spallation target without losing energy in the moderator. Due to their generally low
interaction cross sections, these may reach the detectors, creating background. Fast neutrons can
also be produced anywhere in the vicinity of the source by high-energy �-rays produced in the
target via photo-nuclear reactions [28]. These processes involve neutrons at energies of a few MeV
and higher. The neutrons due to fissions in the UGe2 sample will have a fission neutron spectrum,
which is centred around 1 MeV. Compared to the time scales of thermal neutrons, neutrons from
the above processes can be considered to travel instantly. Therefore, if detected, they appear as a
sharp peak in the ToF spectrum. Figure 17 shows a spectrum from the UGe2 measurement where
both the prompt peak from the target, as well as from the sample are visible.

We find that both the prompt peaks have a fast rise and a slower tail. This can be understood
since the beginning of the peak corresponds to the time of creation of fast neutrons (as the travel
time is negligible). Some of the fast neutrons will scatter in the chamber losing part of the energy,
possibly thermalising. These constitute the tail of the peak. If we compare the heights of the peaks
in their beginning, we essentially compare the sensitivities of the detectors to fast neutrons. The

– 19 –

•Saturation observed in Helium-3 detectors 
•Creates spurious signals 
•Best case: tube is inactive during saturation

•No saturation observed in MultiGrid detector

Results from CNCS demonstrator

https://arxiv.org/abs/1703.03626
https://arxiv.org/abs/1703.03626


Results from CNCS demonstrator

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

A.Khaplanov et al. “Multi-Grid Detector for Neutron Spectroscopy: Results 
Obtained on Time-of-Flight Spectrometer CNCS" https://arxiv.org/abs/
1703.03626 2017 JINST 12 P04030

2017 JINST 12 P04030

Figure 8. Time average count rate measured in MG.CNCS as a function of time. Data is shown for the first
half year of operation.

the area as close as possible to the Multi-Grid. The data from user experiments is also compared
to the data from the closest 8-pack, however, the detailed information on the sample properties and
sample environment conditions is not available, as this data belongs to the principal investigators
of the experiments. Nevertheless, it is useful to analyse the response of the detector to the widely
varying neutron rates, as well as to monitor the stability of the detector over time. Furthermore, the
downtimes of the accelerator provide valuable opportunities to measure background, or dark counts.

For all figures where the Multi-Grid detector spectra are compared to 3He detectors, the spectra
are shown as measured. The acquisition times are equal. The counts have been normalised to the
solid angle taken by the Multi-Grid relative to that of 3He bank # 50 (this ratio is 0.508).

3.1 Vanadium measurements

The workhorse neutron scattering sample for characterisation and calibration measurements is
vanadium. Natural vanadium is composed to 99.75% of the 51V isotope, whose scattering cross-
section is nearly purely incoherent. This means that a vanadium sample (a small rod of metallic
vanadium placed in a standard vanadium sample container) exposed to the neutron beam results in
a uniform scattering pattern in 4⇡. The deviation from uniformity in the intensity of the detected
neutrons as a function of scattering angle is then a function of the geometry of the instrument setup.
This includes several angle-dependent e�ects, such as absorption and double scattering in the
sample, sample holder, sample environment, detector tank, and the position-dependent e�ciency
function of the detector. Vanadium measurements are typically done in conjunction with sample
measurements and serve as a normalisation basis.

For the present Multi-Grid measurements, a vanadium rod with a 6.35 mm diameter and 50 mm
length was used. These measurements have allowed us to compare very similar scattering intensities
detected by the 3He detectors and the Multi-Grid. It should be noted that the neutron flux need
not be identical, due to possible variation in other parts of the instrument. However, as a first
approximation we can consider that a very similar flux of elastically scattered neutrons are seen by
both detectors.

– 9 –

Caveat: Rate is an 
average, which is 
proxy for 
instantaneous rate 

Saturation for small 
fraction of 
experiments now

Christmas shutdown

Scale by expected 
increase in 
instantaneous rate: 
majority of 
experiments affected

https://arxiv.org/abs/1703.03626
https://arxiv.org/abs/1703.03626
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CNCS@SNS

MG Performance at CNCS

7STAP Meeting, ESS,  Lund, 7th October 2019

CNCS@SNS

3He tubes

MG

CNCS Demonstrator was designed to be CSPEC demonstrator

• Long-term operation: Continuous operation for over a year with no 
intervention.

• Spectra: ToF and in the energy transfer spectra show comparable features 
to those obtained with 3He. 

• Energy resolution: Equivalent energy resolution to 3He.

• Efficiency: 70% efficiency for 4 Å neutrons (in excess of the requirement of 
60%) and follow the theoretical calculation. 

• Rate: Much better count rate capability than 3He tubes. 

• Fast Neutrons: Less than 50% sensitivity to fast neutrons than 3He: lower 
prompt pulse and background sensitivity.

• Background: Background level was deemed adequate, but improvements 
would be helpful.

Efficiency vs Energy
The calculated efficiencies for MG.CNCS and the CNCS 

instrument 6-bar He-3 tubes

Dedicated measurements determined factor 4 better
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MG Performance at SEQ

MG.SEQ

Equivalent Energy resolution for all 
energies in HR and HF modes

2.1 Mechanical design solutions

Name: ILL
Rows: 12
Aluminum: Natural
Coating: Radial and Tangential.

Name: ESS.CLB
Rows: 4
Aluminum: Natural
Coating: Radial and Tangential.

Name: ESS.PA
Rows: 4
Aluminum: Pure
Coating: Tangential.

Figure 1. Pictures depicting the three types of grids used in the MG.SEQ. Left: Grids used in the ILL-
detector. Center : Grids used in the ESS.CLB (Coated Long Blades) detector. Right: Grids used in the
ESS.PA (Pure Aluminum) detector.

The detector was designed in parallel with the conceptual design work on the CSPEC detectors,
thus the concept for the detector vessel was verified in MG.SEQ. The vessel was made of a thick
back plate and a bent 4-mm aluminium sheet forming the sides and the neutron window. The top
and the bottom of the vessel were terminated with flanges that allow access to the detector elements
inside. The vessels were designed to withstand 1 bar internal pressure, allowing the detectors to be
operated at atmospheric pressure of ArCO2 in ambient vacuum.

Internally, each detector consists of two volumes – the detection volume and an electronics
enclosure. The two had a gas separation, but had to be at the same internal pressure, since the
separation was not compatible with a pressure di�erential. The detection volume houses the grids
and is filled with ArCO2. The electronics enclosure houses the MMR128 front-end boards and
is linked to the exterior atmosphere by corrugated bellows between a flange on the detector and a
flange on the SEQUOIA vacuum tank. The high and low voltage supply cables, signal cables and
gas reach the detector through the bellows. The HV and the gass lines, were further fed through to
the detection volume.

Three grid modules were housed in each vessel. The modules were mounted on rails to allow
easy installation, see figure 2a.

– 3 –

3 detectors (+ 1 spare)
3 modules per detector 
40 grids per module
20 cell layers per grid 
1m2 Detector Active Area

STAP Meeting, ESS,  Lund, 7th October 2019

v MG.SEQ demonstrator was primarily to 
demonstrate vacuum compatibility of 
technology and to show performance of TREX 
detector design for thermal neutrons.
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Summary of all measured Energy transfer spectra for C4H2I2S 
(2,5-diiodothiophene) sample (left) comparing MG data 
with 3He for 100meV (right).

Additional Key achievements:

• Vacuum compatibility of the design is shown.

• Capability of MultiGrid detector to function with 
RRM (repetition rate multiplication mode) 
demonstrated. It is possible to analyse data.

• Full DMSC Event formation integration 
demonstrated: DAQ chain demonstrated.



Background
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Background rate in the MG.SEQ: 0.63 n/s/m2 about 
4.5 to 5 times more than that in SEQUOIA He3 tubes

STAP Meeting, ESS,  Lund, 7th  October 2019

Subjects of concern to CSPEC: Background 
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Further investigation indicates the background observed at SEQ is a collective contribution from two 
different elements, one of which is most likely to be related to low level electronic noises from the detector 
PCBs. The other element is most likely related to the neutron absorber at the back of the grids (used to to 
eliminate back reflection).

*Majority of the noise

Subjects of concern to CSPEC: Background 

Electronic noise: 
Very low amplitude  
20% rise in threshold 
eliminates 
(ca. 1% efficiency 
loss)

Location is join between PCBs 
in detector: unshielded signal 
cable connection
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Alpha activity results on different Al samples and one Mirrorbor sample 
(verified by two different labs). This was added to the MG.SEQ demonstrator 
to improve neutron shielding, however, it should never be used inside detector 
volume.  

Subjects of concern to CSPEC: Background 

Samples measured at ORDELA, 
US and IROTECH, Grenoble
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Detector Location Background Rate  (Hz/m2)

3He.CNCS SNS ~0.4

3He.SEQ SNS 0.148

3He.1M. 3He.2M Utgard 0.163, 0.167   (PE+B4C) 
0.208, 0.256   (B4C) 
2.778, 2.613   (PE) 
8.437, 8.54     (no Shielding)

MG.IN6      (4.4Hz/96grids) ILL 30

MG.12        (pure Al)  
(fames nickel plated nat Al.)

ILL 0.6  

MG.CNCS  (0.11Hz/96 grids) 
(fames nickel plated nat Al.)

SNS 0.55  (No Cuts)     (Cd+B4C) 
0.25  (with Cuts)

MG.CNCS                   
(fames nickel plated nat Al.)

Utgard 0.50  (with Cuts)   (B4C)

MG.SEQ     (pure Al) SNS 1.40  (No Cuts) 
0.63  (With Cuts)

MG.SEQ     (pure Al) Utgard 0.3    (Unshielded) 
0.07  (Shielded),  
0.04 Based on Understood regions.

More details at https://indico.esss.lu.se/event/1258/contributions/9658/attachments/
9184/14319/2019_05_29_DG.pptx STAP Meeting, ESS,  Lund, 7th  October 2019

Subjects of concern to CSPEC: Background 
Intensive investigation during the summer
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Detector Location Background Rate  (Hz/m2)

3He.CNCS SNS ~0.4

3He.SEQ SNS 0.148

3He.1M. 3He.2M Utgard 0.163, 0.167   (PE+B4C) 
0.208, 0.256   (B4C) 
2.778, 2.613   (PE) 
8.437, 8.54     (no Shielding)

MG.IN6      (4.4Hz/96grids) ILL 30

MG.12        (pure Al)  
(fames nickel plated nat Al.)

ILL 0.6  

MG.CNCS  (0.11Hz/96 grids) 
(fames nickel plated nat Al.)

SNS 0.55  (No Cuts)     (Cd+B4C) 
0.25  (with Cuts)

MG.CNCS                   
(fames nickel plated nat Al.)

Utgard 0.50  (with Cuts)   (B4C)

MG.SEQ     (pure Al) SNS 1.40  (No Cuts) 
0.63  (With Cuts)

MG.SEQ     (pure Al) Utgard 0.3    (Unshielded) 
0.07  (Shielded),  
0.04 Based on Understood regions.

More details at https://indico.esss.lu.se/event/1258/contributions/9658/attachments/
9184/14319/2019_05_29_DG.pptx STAP Meeting, ESS,  Lund, 7th  October 2019

Subjects of concern to CSPEC: Background 
Intensive investigation during the summer

•Helium-3 measurements:  
•Numbers not necessarily comparable 
•No guarantee that Helium-3 tubes operated exactly the 

same at CNCS, SEQ and by ESS 

•Shielding is only roughly comparable 
•CNCS in annex hut, SEQUOIA is deep down, very thick 

shielding around, very dense region 
•Utgard has a thin roof 
•35 vs 55 degrees north …  

•He-3 and MG have same sensitivity to thermal neutrons 
•Same response to gammas 
•MG has 4 times lower response to Fast Neutrons 
•Volume/active area ratio between detectors makes scaling 

unclear
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Detector Location Background Rate  (Hz/m2)

3He.CNCS SNS ~0.4

3He.SEQ SNS 0.148

3He.1M. 3He.2M Utgard 0.163, 0.167   (PE+B4C) 
0.208, 0.256   (B4C) 
2.778, 2.613   (PE) 
8.437, 8.54     (no Shielding)

MG.IN6      (4.4Hz/96grids) ILL 30

MG.12        (pure Al)  
(fames nickel plated nat Al.)

ILL 0.6  

MG.CNCS  (0.11Hz/96 grids) 
(fames nickel plated nat Al.)

SNS 0.55  (No Cuts)     (Cd+B4C) 
0.25  (with Cuts)

MG.CNCS                   
(fames nickel plated nat Al.)

Utgard 0.50  (with Cuts)   (B4C)

MG.SEQ     (pure Al) SNS 1.40  (No Cuts) 
0.63  (With Cuts)

MG.SEQ     (pure Al) Utgard 0.3    (Unshielded) 
0.07  (Shielded),  
0.04 Based on Understood regions.

More details at https://indico.esss.lu.se/event/1258/contributions/9658/attachments/
9184/14319/2019_05_29_DG.pptx STAP Meeting, ESS,  Lund, 7th  October 2019

Subjects of concern to CSPEC: Background 
Intensive investigation during the summer

•CSPEC Requirement (Update: 12 March 2019):  
•1250 n /hr / mˆ2 
•0.34 Hz/m2 

•Detectors can meet this requirement 

•Aim to be as low as possible  
•Shielding environment both locally in detector and 

in surrounding as important to these measurements 
as natural noise 

•Local shielding of cosmically induced neutrons 

•Detector must be shielded effectively in detector 
•Effort must also go in to get tank and cave shielding 

correct



LineShape



Elastic Line Shape

13

Normalised

• Radial Blades will be coated for CSPEC
STAP Meeting, ESS,  Lund, 8th October 2019

Subjects of concern to CSPEC: Quasi-Elastic LineShape
FOM: Coated VS non-Coated Radial Blades

Subjects of concern to CSPEC: Quasi-Elastic LineShape

9

Line-shape effect at worst is about 3 to 4 times more in the MG.SEQ (uncoated radial blades) than that 
with 3He. We attribute this effect to neutron scattering of the MG. Al blades.

STAP Meeting, ESS,  Lund, 8th October 2019
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1.2 � 2.0319

320

0.8 � 1.3321

µ 3 � 4

µ 1.2 � 2.0

0.8 � 1.3

322

323

324

325

326

• Improvements from: 

• Coating radial blades

• Improved shielding as per simulation

• CSPEC: 25% less Al than MG.SEQ

• Worry that tail in elastic line 
shape may prejudice quasi-
elastic science studies on 
CSPEC
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Figure 9. Time spectra measured as a function of depth (cell number) for 4.1 Å, 4.6 and 5.1 Å
incident neutron wavelengths.
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Figure 10. Time spectrum measured in the Multi-Grid detector (red) compared to the IN6
setup (black), from left to right – for 4.1, 4.6 and 5.1 Å. The enlargement of the base of the
elastic peak is a consequence of scattering in aluminum.

3. Conclusion and Outlook
In combination with previous characterization studies of Multi-Grid prototypes, the in-beam test
at IN6 at the ILL provides encouraging results. We have demonstrated that the new detector is
able to reproduce the measurements currently done with 3

He detectors. In particular, e�ciency,
time resolution and �-ray sensitivity are all already competitive. The contribution of scattered
neutrons has been identified as expected. There are clear possibilities for improvement here,
although some amount of scattering must be accepted as it must in any detector.

Due to the multi-layer nature of the 10B detector, there are two aspects in which the Multi-
Grid di↵ers from conventional 3He detectors. Firstly, the ratio of the internal surfaces to the
active area of the detector is about an order of magnitude greater than for a single tube.
Therefore, also the impact of radioactive contamination of the materials is likewise enhanced.
Aluminium, the material chosen due to favourably low cross sections and cost, naturally contains
more ↵ emitters than other common metals. In order to reduce the background to that seen in
3He detectors, two methods are currently investigated – nickel plating of the aluminium to stop
the emitted ↵’s, and the use of specially purified aluminium. Respective costs will likely be the
deciding factor between these two approaches.

9

Figure 1. In this image of the detector, the B4C layers are horizontal and neutrons arrive from
the top.The 6 modules of 16 grids each form an assembly of 360 gas-filled tubes, 24 tubes wide
and 15 deep, which are visible on the front side. Each tube is readout by an anode wire.

medium, this option is likely unfeasible in the future due to a very limited world-wide supply of
3He [3, 4, 5, 6], therefore new technology is required.

1.1. Multi-Grid detector
Descriptions and characterization of the previous Multi-Grid prototypes have been published [7,
8, 9, 10]. Here, we report on the first test of this technology in the time-of-flight spectrometer
IN6 at ILL.

The present detector is composed of 6 modules of 16 grids as shown in figure 1. Each grid
is composed of 14 so-called blades which are coated on both sides with 1µm of 10B4C [12] and
mounted orthogonally to the direction of the incoming neutrons. The other surfaces are not
coated. The unit cell of a grid has a 20 ⇥ 20mm

2 sensitive area and 10mm depth. When a
stack of 16 grids is assembled, 60 rectangular tubes are formed. These are readout by anode
wires. Signals are readout from both the anode wire and the individual frames. Coincident
signals are recorded and define 3-D positions of detected neutrons. The depth of the interaction
is necessary since in ToF applications, the exact flight distance of each neutron must be known
in order to reconstruct its velocity.

Grids were connected 3-by-3 together with their neighbours from the adjacent modules and
readout by a single amplifier. The anode wires were connected using resistances in charge
division chains. Each such chain contained 30 wires which run from the back of the detector to
the front, connect to a neighbouring set of tubes and then run from the front of the detector to
the back. In this arrangement, the discrete channel information corresponding to the detector
depth was converted to analogue information and some ambiguity may arise as to the exact
wire that has detected an event. Note, however, that no such ambiguity exists in the other 2
dimensions. In total, only 32 channels were required to readout all frames and 24 channels to
readout all wires (2 ends of 12 charge division chains). With this setup, the new detector was
readout with a similar number of channels as the present IN6 detectors.

In order to limit the e↵ect of neutron scattering in the detector, the 6 modules were shielded

2

• Data from MG demonstrator on IN6@ILL in 2012

• There was (deliberately) no shielding to see the 

effect of scattering in the detector

• This has been reproduced by simulation


• Therefore line shape effect is a function of geometry 
and energy (i.e. it is part of the resolution function of 
the detector)



B4C

No B4C

neutrons

STAP Meeting, ESS,  Lund, 7th  October 2019

To be able to determine how well this is 
solved, you defined a Figure of Merit 
(FOM): The integral of counts between 3 
and 5 gaussian sigma from the centre of 
the elastic line, divided by the total integral 
of the elastic line data.  

The relative FOM of MG compared to He-3 
can thus be defined as:  

 
A lower figure of merit is better than a high 
one. 1.0 means that the performance is 
equal to Helium 3.  

Subjects of concern to CSPEC: Quasi-Elastic 
Lineshape 
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Normalised

• Radial Blades will be coated for CSPEC

STAP Meeting, ESS,  Lund, 7th  October 2019

Subjects of concern to CSPEC: Quasi-Elastic 
Lineshape 
FOM: Coated VS non-Coated Radial Blades

CSPEC 
region CSPEC 

region
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Normalised

Shoulder effect in MG is much lower 
in the energy of interest to CSPEC

• Radial Blades will be coated for CSPEC

STAP Meeting, ESS,  Lund, 7th  October 2019

Subjects of concern to CSPEC: Quasi-Elastic 
Lineshape 
FOM: Coated VS non-Coated Radial Blades

2.86A

Example of elastic 
line shape

Configuration Relative F.O.M 
(MG/He3)

No Radial Blade 
Coating (MG.SEQ data)

3-4

Radial Blades 1um 
coating (MG.SEQ data)

1.2-2.0

Improved Shielding  
(Simulations)

0.8-1.3

There is 20% less material in the 
CSPEC design than the SEQ design 
which means that you would expect 
20% less excess from CSPEC wrt the 
numbers quoted here. 



IMPLEMENTED DETECTOR MODELS

(a) (b)

Figure 6.4: Shielding elements in Multi-Grid detector module geometry. Top view (a) and side

view (b) with the studied shielding topologies marked with: red for i) ‘End-shielding’, blue for ii) ‘Side-

shielding’, yellow for iii) ‘Interstack-shielding’ and grey for iv) ‘External vessel-shielding’. (Only

marked in a for better visibility.) Counting gas is shown in green, the grid is brown with cyan rear

blade, and the incident neutron beam is indicated in orange.

The detector model involves pre-defined volumes for shielding materials (see Ta-

ble 6.1) in the most common places of the detector, as they are listed here and shown

for a two-column module in Figure 6.4.

• ‘End-shielding’: Layers of shielding (see Figure 6.4, i), red) applied in each grid,

placed between the last row of cells (green) and the 1 cm thick aluminium rear

blade (cyan) of the grid, to prevent backscattering from the latter. The surface

area of the shielding meets the dimensions of the cell.

• ‘Side-shielding’: Layers of shielding (see Figure 6.4, ii), blue) applied on the inner

side of the vessel wall (see Figure 6.4b, transparent).

• ‘Interstack-shielding’: A sheet of shielding (see Figure 6.4, iii), yellow) placed

between the two columns of grids (see Figure 6.4b, brown), to prevent cross-

talk. The shielding surface area meets the dimensions of the columns, and the

maximum feasible thickness is the width of the gap between the columns.

• ‘External vessel-shielding’: Layers of shielding (see Figure 6.4, iv), grey) applied

on the outer side of the vessel wall to prevent cross-talk between the modules.

The shielding surface area is defined by the size of the vessel wall.
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DETECTOR OPTIMISATION WITH THE MULTI-GRID DETECTOR MODEL

9.3.1 Scattered neutron background suppression with black

shielding

To obtain an optimised shielding design, the background reduction capacity of the

potential shielding geometry has to be determined. For this purpose ‘black material’

is applied for each afore-mentioned shielding geometry, to study their impact on the

SBR through the whole 0.4-10.0 Å (511.3 - 0.8 meV) operational range of the CSPEC

instrument. With the application of the black material, the highest obtainable back-

ground reduction can be determined for each shielding geometry. For this purpose

di↵erent shielding topologies are applied both individually and in combination in the

reference detector.

The evaluation of the background reduction capacity is performed based on the

number of neutrons absorbed in every shielding volume, normalised to the incident

neutrons (Figure 9.5). The neutrons absorbed by the converter are also displayed for

the sake of completeness.
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Figure 9.5: Neutron conversion and absorption is di↵erent shielding topologies with black material

in the reference detector. The di↵erent shielding topologies are applied individually. The statistical

uncertainties are too small to be discernible.

The neutron absorption in the end-shielding and the neutron conversion have simi-

lar, but opposed trend through the wavelength range. The reason for this is that these

are competing processes; as the neutron absorption cross-section in the boron-carbide

converter increases with the wavelength, more neutrons are converted, and fewer neu-
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DETECTOR OPTIMISATION WITH THE MULTI-GRID DETECTOR MODEL
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Figure 9.7: Simulated Signal-to-Background Ratio in presence of di↵erent shielding topologies with

black material, normalised to the unshielded reference detector. The di↵erent shielding topologies are

applied individually (9.7a) and in combination (9.7b). The statistical uncertainties are too small to

be discernible.

In Figure 9.7a the significance of the end-shielding is confirmed; the SBR is increased

with 53-29% in the 0.4-4.0 Å (511.3-5.1 meV) region with the application of black

material. Moreover, the increase is the highest in the low wavelength region, where the

SBR otherwise is the lowest. The increase of SBR due to the presence of side-shielding

is 11-23%, and 13-20% due to the interstack-shielding. It is important to highlight

the opposite impact of the side-shielding and the interstack-shielding, that is most

significant at 4.0 Å (5.1 meV); the side shielding has a higher impact at this wavelength

and above, as the isotropic scattering becomes the dominant source of background. At

4.0 Å (5.1 meV) the majority of the scattered neutron background still comes from

the Bragg-scattering from the rear blade of the grid. As the respective angle of the

Bragg-scattering is 117�, the scattered neutrons in the Bragg-cone are targeted towards

the vessel sides with 63� opening angle, so these neutrons do not reach the interstack-

shielding. Therefore the interstack-shielding only absorbs the minority of neutrons

scattered in the inner blades of the grids, and has a low impact at 4.0 Å (5.1 meV), but

has higher impact at lower wavelength, where the overall background is higher due to

the lower absorption cross-section of 10B. All these phenomena emphasize the potential

of a combined shielding design.

In Figure 9.7b the di↵erent shielding topologies are added one-by-one to the refer-

ence detector in order of their individually shown relevance. It is shown that the trend

of the increase of the SBR is determined by e↵ect of the end-shielding, although, the

combination of the end-shielding and the side-shielding has a peak of SBR increase

at 4.0 Å (5.1 meV), the optimal wavelength of the CSPEC instrument. This e↵ect is

98 Eszter Dian



The Multigrid Detector

2

fragment 1

fragment 2

neutrons

Introduced at ILL, jointly developed by ILL and ESS under 

CRISP project, then under BrightnESS at later stage.

• Low cost for large area
• High total efficiency

• Readout split over many layers – lower local rate

• No need for resistive readout – low gain

IKON-17 Grand Hotel,  Bantorget 1 Lund, 11th September 2019

Elastic Line Shape: Worst case scenario: mitigation by running mode

• Worst case scenario: 

• This line shape excess only occurs in the first couple of 

wires/cells

• By filtering the data, it can be removed

• Event mode data: all information on cell/voxel is retained

• “A quasielastic studies line shape filter” can be applied 

seamlessly on the data stored


• Effect: Ca. 10% of events

• Only affects experiments where this is a core part of the 

investigation 

• i.e. 10% effect, on fraction of experiments

• In comparison, He-3 saturation will introduce problematic 

data into >50% of experiments, and is difficult to filter



AmCLD detector for BEER Instrument



AmCLD detector for BEER Instrument

64

Diffraction detector requirements: 
•sample-detector distance: 2 m: 
•active area: 1 m x 1m  
•efficiency: η > 60 % (@ 2 Å) 
•position resolution: 2 mm x (5 mm) 
•max. countrate:< 10ˆ6 Hz (global) 
•mobile design (max. 800 kg) 
•price < 3He-technology

Development started 1 year ago after considerable 
delay due to in-kind administrative problems 

Schedule is tight but feasible for delivery, if 
development schedule is kept
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AmCLD detector for BEER Instrument

• Stacking of detection planes 
• Delay-line read-out 
• High timing control 
• Detector geometry independant on  
       sample-detector distance

10
00

 m
m

Detector design: ready!

1000 

mm

≈1460

-weight: currently 600 kg

ESS 
DAQ

Some development to go 
But key engineering risks addressed



Neutron Macromolecular Crystallography: NMX



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

– 3 –

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: 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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• Weak reflections seen 
• S:B equivalent to that in He-3 detector
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•Full-size Demonstrator  of 1 panel exists 
•Testing started at CERN last week 
•Full test on neutron beam line next year 

•At that point, detector is ready to be built



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)!
Summary

• Overview of status of detectors for instruments 
• Detectors are now a regular project risk for instruments rather than an extraordinary risk

• Development is (basically) complete
• Some testing to understand performance and integration still happening in coming year

• Detector build programme starting
• Well-developed designs and project plans 
• Schedules will be closely monitored
• Installation and commissioning will be tight


