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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)!

ESS-JPARC Workshop, 19th January 2018

http://www.europeanspallationsource.se
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The farther the box from the 
(1,1) reference point, the 
bigger the challenge for 
detectors. 
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Baseline Detector 
Technologies for Initial Suite

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

BandGEM



10Boron-based Thin Film Gaseous 
Detectors

 neutron
4He

7Li

4He

7Li

gas volume                  10B4C layer

 Efficiency limited at ~5% (2.5Å) for a single layer
•natB contains  
	 80 at.% 11B and  
	 20 at.% 10B

• Boron is difficult to deposit 
• Use 10B4C 
• Conductive, stable



Enhancing the efficiency of 
10B-based Neutron Detectors

 neutron

10B4C layer substrate

10B4C layergas 
volume

gas 
volumeMulti layer 

Grazing angle (<10˚)

substrate

1

2
10B4C layer

 neutron

Generic approaches to improve 
efficiency



Demonstrator Test at SNS on CNCS
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Current work:
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

WP 4.3: Large-Area Detectors
Horizon 2020 grant agreement 676548
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Multi-Grid test at CNCS

Installation completed
Detector inaccessible 

for next 12 months

MG

He-tubes

• Test side-by-side with existing technology in 
world leading instrument 

• Realistic conditions. Long term test.
• “Science” or application performance
• 2 different technologies on the same 
instrument

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

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

https://arxiv.org/abs/1703.03626


Construction of MG.CNCS in Lund
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1.
1m



Multi-Grid test at CNCS

• Data and instrument resolution identical
• Technology suitable for ESS instruments



MultiGrid detector test at CNCS, SNS 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Etrf = Einitial - Efinal Elastic peak

Scattered neutron background  
from detector

Scattered neutron background  
from sample environment

Energy transfer 
reproduced with 
simulation at 3.678 meV

Validation

Distinguish different  
sources of background

Detailed analysis and 
quantification of  

background effects

Optimization

E.Dian et al., NIM A (subm.), arXiv:1801.05686



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

Multi-Blade 10B-based detector for  
neutron reflectometry at ESS:  

tests at the 
CRISP reflectometer at RAL (UK) 

Francesco Piscitelli  
on behalf of  

ESS / Wigner / Lund University / Linköping University collaboration 

IEEE NSS Atlanta 

2017/10/26

Wigner Research Institute

Building research infrastructure and synergies for highest scientific impact on ESS

Linköping University

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



The Multi-Blade project

Multi-Blade
sample

neutrons

wires X

subs
trate

neutrons
θ strip

s Y
10B4C

MWPC

θ = 5 degrees

Why the counting rate capability is improved? 

1. The intensity is spread over a wider surface (5 
degrees ~ factor x10) 

2. Thin gap MWPC (4mm) 

3. Low gas gain operation G~20 
      (max 0.2pC avalanches) 

A cassette 
(unit)

High counting rate capability  

High spatial resolution
10B-detector for reflectometers



sample

MB detector
sample

CRISP reflectometer at ISIS

130mm

100m
m

Multi-Blade 
detector



Results

Specular Reflectivity

Supermirror edge 
(m=3.8)

Si edge

Correlated roughness  
domains from the layers

Spin-flip scattering signal,  
from the layersSam

ple Horizo
n 

Transmitted beam  
through the sample

No Transmitted beam, 
total reflection 

All features have been clearly identified



Beam Monitors
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Type Supplier
MWPC
(4)

Mirrotron-
ORDELA

Filled with3He 
gas or  14N

Fission chamber
(1)

LND 235U

GEM
(1)

CDT Coated  with 
10B

Scintillator
(1)

Detector 
Quantum

Li-glass beads

Scintillator 
from Detector 
Quantum MWPC from Mirrotron 

2D-MWPC from Mirrotron Two MWPC from 
ORDELA ,filled with  3He or 14N

Fission chamber from 
LND

GEM from CDT

2D-GEM monitor for ESS realized by 
Milan-CNR    
Mirrotron to be filled by Nitrogen

F. Issa et al., Phys. Rev. Accel. Beams 20 (2017) 092801



Beam monitors-main results
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  MWPC
from

ORDELA

MWPC
from
ORDELA

MWPC
BM-100X50 
from
Mirrotron

2D-MWPC
from
Mirrotron

2D-GEM
from 
CDT

Scintillator from 
Quantum 
Detectors, UK

Fission chamber
from
LND

Isotope used for 
neutron capture

3He 14N 3He 3He 10B 6Li 235U
Gas pressure

mbars
Partial pressure 

6,0795
Partial 
pressure 
81,06

Partial pressure 
6,5

Partial 
pressure

0.4

Total 
pressure

100

------ Total pressure
1013,2

Filled gas 3He+4He
+CF4

N+CF4 3He+CF4 3He+CF4 Ar/CO2 -------- P10

Active Area
(mm2)

114 x 51 114 x 51 100 x 50 100 x 50 Diameter 100 
mm

28 x 42 
 

Diameter 108.0 
mm

Applied voltage (V) 850 850 1300 Anode at 
-3500V 
Drift at 1500V

-1000 650 300

Attenuation
%

4.5 4.4 2.5 7.3 11.1 0.49 3.87

Calculated attenuation 
%

4 4 2 0.1 2

Measured Efficiency at 
2.4Å 

%

0.12 3.3 × 10-3 0.11 0.01
 

2.7 0.052 0.01

Supplier efficiency %
at 1.8Å 

0.1 0.001 0.1 0.015

Scattering % 3.9 3.8  4  9 10.3 0.74 3.8

•Updating requirements from instruments for monitors both for commissioning and operation
•Taking into account operational environments
•Draft set of recommendations
•Looking at potential of parasitic monitors

What now?

F. Issa et al., Phys. Rev. Accel. Beams 20 (2017) 092801
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Collaboration Opportunities

•MultiGrid: Repetition Rate Multiplication feature has only been implemented in J-PARC. 
Understanding the data treatment with MultiGrid

•Detector demonstration under real environments necessary to understand real world 
performance of new detector designs
•eg Gd-GEM detector design, need to demonstrate performance for Neutron 
Macromolecular Crystallography application
•However spare detector space needed, eg Nova beam line with "spare" bank

•Monitors: interested in any advice or experience to offer
•Possible testing opportunities





20
time (ms)!

Br
ig

ht
ne

ss
 (n

/c
m

2 /s
/s

te
r/Å

)!

7!

5!

x1014!

ISIS TS1!
128 kW!

ISIS TS2!
32 kW!

SNS!
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2015 design!
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What can be done with this brightness?

Instrument Design Implications for Detectors

Smaller samples
Better Resolution 

(position and time) 
Channel count

Higher flux, shorter experiments Rate capability and data volume

More detailed studies Lower background, lower S:B 
Larger dynamic range

Multiple methods on 1 instrument 
Larger solid angle coverage

Larger area coverage 
Lower cost of detectors

A
lso: scarcity of H

elium
-3 …

.Developments required for detectors for 
new Instruments

{
{



2.4 m2!

3m!

0.8m!

• Designed as replacement 
for He-3 tubes for largest 
area detectors

• Cheap and modular 
design 

• Possible to build large 
area detectors again

• 20-50m2 envisaged@ESS

Multi-Grid Detector Design

• Very background 
sensitive technique

Elastic signal

inelastic signal

prompt 
pulse

example from LET@ISIS
aim: replace He-3 for this

IN5 Engineering Demonstrator of technology

Optimized grid

1.5μm

0.5μm
1.0μm

n



The Multi-Blade project

neutrons
neutrons

130m
m

100mm

32 Strips 
(back)

9 
un

its

32 wires 
(front)

vessel

32 ch  
front-end board



strip
s

wires

40mm

60
m
m

shadow

sample

Results

BN mask

Not a dead area but the overlap avoids dead zones 

10B4C
subs

trate

shadow

shadow

No shadow

Multi-Blade 
detector

(Log scale)



ToF (or λ)

Specular Specular

Off-Specular Off-Specular

0.5      2                            6ÅIr sample Fe/Si sampleSi sample

sample

Results

θθ

Multi-Blade 
detector


