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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)!

SNS Seminar, 20th October 2017

http://www.europeanspallationsource.se


ESS Partners on Detectors



Update on Status of ESS
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The ESS site
2011



ESS construction
18 May 2017



Target 

LINAC
Central Utilities 
Building (CUB) Site 

Offices

West sector 
(160 m) 

Instruments

East sector 
Instruments

South sector 
Instruments

May 2017



ESS construction
August 2017



ESS construction
August 2017



ESS construction
August 2017



2019/2020: NSS Proposed Access Dates (Excludes Full Access Dates) 

E02

E03

E04

E05

E01

D05
D04

D06

D07

D08

2b

7

6

5

4

3

2a

E01 – Full Access 27-Apr-19 (Level 1 MS)2a

2b E02 Area 1 – Partial Access 27-Apr-19 (Level 1 MS)

3 D03 Bunker – * Early Access 03-Jun-19 (Level 1 MS)

D01 Bunker – * Early Access 14-Aug-19 (Level 1 MS)4

E02 Area 2 – Partial Access 15-Oct-19 (Level 1b MS)5

D03 Main Hall – Partial Access 01-Nov-19 (Level 1b MS)6

D01 Main Hall Ph 1 – Partial Access 06-Jan-20 (Level 
1b MS)

7

D01 Main Hall Ph 2 – Partial Access 02-Mar-20 (Level 
1b MS)

8

Additional Area 
Made Available 
for Storage of 

Blocks (D03) for 
NSS: 01-Sep-19

Additional Area 
Made Available for 
Storage of Blocks 
(D01) for NSS: 01-

Oct-19
D01 Cranes 

Operational: 28-
Oct-19

D03 Cranes 
Operational: 13-

Aug-19

Exact Location of 
Final De-

Lineation Point 
TBC

8
1

1 D08 RML Lab – Early Access 10-Jan-19 (Level 1b MS)

Area Under 
Review for 

Possibilities of 
Early Access for 



ESS Neutron Instrument positions:  
December 2016

ESS Instrument Layout (December 2016)

ESS In-Kind Partners also collaborate 
on sample environment, data 
management systems etc. 

Lead Partners for instrument 
construction

+  
Nuclear Physics 

Institute

+  

11

ODIN
DREAM

NMX

MIRACLES

BEER

C-SPEC

T-REX
MAGIC

BIFROST

HEIMDAL

FREIA

LoKI

SKADI

VESPA

ESTIA

+  

50 m 100 m 150 m



Neutron Beam Instrument Draft Schedule    
V2.0, 2nd November 2016

Notes; 
• Access & B.O..T dates 

yet to be confirmed
• Instrument dates from 

scope setting
• HC start;

➢  E  ≥ 200 MeV 
➢ P ≥ 200 kW 
➢ January 2021

Preliminary Design

Detailed Design

Manufacturing & Procurement

Installation & Integration

Hot Commissioning and early 
science

Operation

West 
sector

North 
sector

East 
and 

South 
sectors

Current  
date

Access 
D03

 Access 
D01

Beam on 
Target / 1st 
spectrum

Start User 
ProgramCommissioning of test beam – 

to demonstrate performance 
and inform instrument projects

Start Hot 
Commission 

User instruments

2016       2017       2018      2019       2020       2021       2022      2023       2024.    2025
12

Council.07.14.a



ICB

Neutron Instruments: Phase 1 schedule

2016-17 Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun
LOKI (P2)
SKADI
ESTIA
FREIA
NMX (P2)
MAGIC
HEIMDAL
DREAM
BEER
ODIN
C-SPEC
BIFROST
MIRACLES
T-REX
VESPA

STAP
scope-setting
TG2

IKON12

12
-1

3/
9

IKON11 ICB SAC COUNCIL

20

8

29

29

14

31

24

3

10

8

2412

5

7

19

31

17

28

21

14

27

SAC COUNCIL

13

7



Update on Status of ESS Detectors
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Challenge for Rate



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

{
{



Implications for Detectors Implications for Detectors

Better Resolution 
(position and time) sqrt(10)

Channel count pixelated: factor 10 
x-y coincidence:sqrt(10)

Rate capability and data volume factor 10 
Lower background, lower S:B 

Larger dynamic range
Keep constant 

implies: factor 10 smaller B per neutron
Larger area coverage 

Lower cost of detectors Factor of a few

Developments required for detectors for new Instruments

What does a factor 10 improvement imply for the detectors?

What can be done with this brightness?

{



Instantaneous
Rate Capability (log)

1 10 100 1000

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

Rate Requirements

Imaging

Diffraction SANS

Reflectometry

Direct Spectroscopy

Indirect Spectroscopy

1 = state-of-the-art

factor by which requirements 
exceed state-of-the-art

Resolution and Area RequirementsIncrease factor 
detector area 

  2 ___

   

  1 ___

                          I                                         I                                      I                                      I     
                         1                                2                              3                              4                                                 
+∞               

Imaging

Diffraction

SANS

Reflectometry

D
ir.

 S
pe

ct
r.

IS
Resolution 

improvement 
factor

The farther the box from the 
(1,1) reference point, the 
bigger the challenge for 
detectors. 

(1,1) = state-of-the-art
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Detectors for ESS: baseline for selected 
instruments

Instrument 
class

Instrument 
sub-class

Instrume
nt

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

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
Imaging and 
tomography

ODIN Pixel size Scintillators, MCP, wire 
chambers

Spectroscopy

Direct geometry C-SPEC Large area 
 (3He-gas unaffordable) 10B-based MultiGrid (EU BrightnESS)T-REX

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

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

SPIN-ECHO Spin-echo tbd tbd 3He-based/10B-based 

Good dialogue and close collaboration needed for 
successful delivery and integration

arXiv:1411.6194



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



Schedule: Where are we for detectors?

21

2018 2019 2020 2021 2022 2023 2024 2025

Electronics
/ICS/DMSC Design

Construction Construction Construction Installation Installation Installation

Design
Construction Installation Installation Installation Commissionin

g
Commissioning Commissioning

Constructio
n

Installation Commissioni
ng

Commissionin
g

Commissionin
g

Operation Operation Operation

photons 
or chargen

collect 
charge or 
photons amplify

gain
digitise algorithm

order may be different, or step skipped

“Converter” “Detector” “Electronics”

“DMSC-land”

2011 2012 2013 2014 2015 2016 2017

Coatings
Detector 
Conceptual 
Designs

Detector 
Prototype 
Designs Strategy for 

Instruments, 
Instrument 
Designs

People, 
workshops 
and facilities, 
Instrument 
Designs

Electronics Instrument 
Detector Design

ICS/DMSC 
interface

Electronics
Instrument 
conceptual design

ICS/DMSC 
interfaceConstruction

Detector schedule is longer than the instrument build schedule





Facilities



Thin Films Workshop

•ESS Facility, co-located with 
Linkoping University for synergies in 
expertise and facilities
•Just moved across the road to 
location available until 2025
•Industrial coatings machine and 
production line setup
•Capacity: several times ESS needs
•Capacity: >1000m2/year coated 
with 10B4C
•If interested in coatings: contact us
•Please give feedback!



Detector Workshop

Also:
•Mechanical 
workshop
•Source Facility

Up and 
running in 
Lund



Some examples of detector technology



MultiGrid and Multiblade



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



10B4C layer 
!

substrate 

gas  
volume 

!neutrons 

Efficiency of 10B Detectors:
Perpendicular Geometry

• Single layer is only ca.5%
• Calculations done by many groups
• Analytical calculations extensively verified with prototypes and data
• Details matter: just like for 3He

• Multilayer configuration (example): 

!!!!!!!!!!!!!!!!!!!!!!!!!Mul%&Grid!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!3He!tubes!–!1!inch!–!4.75!bar!!!
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Efficiency Optimizations

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

wavelength (A)

ef
fic

ie
nc

y

 

 

optimization for 1A
1A
optimization for 4A
4A

Optimized grid

1.5μm

0.5μm
1.0μm

n

Layer thicknesses in MG.CNCS (16 blades):
7 blades 0.5μm, 
7 blades 1.0μm, 
3 blades 1.5μm

Proposed for a thermal detector (20 blades):
4 blades 1.0μm, 
10 blades 1.25μm, 
6 blades 2.0μm.

Efficiency as a function of wavelength for 
MG optimized for cold vs. thermal spectrum

• Cold – optimization centered on 4Å
• Thermal – optimization centered on 1Å

Would like to test:

Would like to test:

Tested at MG.CNCS



Time-of-Flight Spectrometers at ESS

32

Instrument C-SPEC T-REX VOR
Sample – 
detector

3.5 m 3 m 3 m *

Detector 
height

3.5 m 2.2 m 3 m *

Detector 
area

29 m2 21 m2 37 m2 *

• First 16 instruments chosen
• 3 ToF spectrometers for ESS
• CSPEC and T-REX – design 

phase
• VOR – accepted proposal
• Multi-Grid as baseline detector 

technology

*preliminary



CSPEC at ESS

33

Cold spectrometer
0.2 meV < Ei < 20 meV
29m2 detector 
Horizontal coverage 5° to 135°
Vertical coverage -25° to 25° 



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



Demonstrator Test at SNS on CNCS

ILL:
Bruno Guerard, Jean-Claude Buffet, 
Jean-Francois Clergeau, Anthony Leandri 

ESS:
Anton Khaplanov, Fatima Issa, Richard Hall-Wilton, Oliver 
Kirstein, Tomasz Brys, Michail Anastasopoulos, Isaak Lopez 
Higuera, Richard Bebb, Sara Arranz, Carina Höglund*, Linda 
Robinson*, Susan Schmidt*

Centre for Energy Research (Hungary):
Eszter Dian

Linköping University:
Jens Birch, Lars Hultman, (also *)

SNS:
Ken Herwig, Georg Ehlers, Michelle Everett, Kevin Berry

Earlier – the participants of the CRISP project on Large-Area 
detectors.

Previous publications:
B4C layers:
*C. Höglund et al, J of Appl. Phys. 111, 104908 (2012)
Characterization: 
*A. Khaplanov et al., arXiv:1209.0566 (2012)
*B Guerard et al., NIMA, 720, 116-121 (2013), http://dx.doi.org/
10.1016/j.nima.2012.12.021iJ
*J. Correa et al., Trans. Nucl. Sc. (2013), DOI: 10.1109/TNS.
2012.2227798
*A. Khaplanov et al., (2014) J. Phys.: Conf. Ser. 528 012040 doi:
10.1088/1742-6596/528/1/012040
Gamma sensitivity:
*A. Khaplanov et al., JINST 8, P10025 (2013), arXiv:1306.6247
Alpha background:
*A. Khaplanov et al., JINST 10, P10019 (2015); doi:
10.1088/1748-0221/10/10/P10019

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

http://dx.doi.org/10.1016/j.nima.2012.12.021iJ
http://dx.doi.org/10.1016/j.nima.2012.12.021iJ
http://dx.doi.org/10.1088/1742-6596/528/1/012040
http://dx.doi.org/10.1088/1742-6596/528/1/012040
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/P10019/meta
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/P10019/meta
http://iopscience.iop.org/article/10.1088/1748-0221/10/10/P10019/meta
https://arxiv.org/abs/1703.03626


Multi-Grid test at CNCS

Installation completed
Detector inaccessible 

for next 6 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

37

1.
1m



Operation since 2016-07-14

38

Operating without possibility of access since installation
Count rate stable to within 1-2% for a constant setting

90 daysFirst day



Multi-Grid test at CNCS

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



Elastic Energy Resolution



Efficiency

0 1 2 3 4 5 6 7 8 9 10 11
0
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Calculation 6 bar He3 tube
Measurement
Calculation MG.CNCS

Counts from integral of the elastic peak in dE  
Efficiency measured relative to the nearest He3 tubes 
Error bars: 5-8%, agrees with prediction



Single Crystal Reflection

Crystal

Incident 
beam

Reflected beam at Ei 
= 17.20meV

Reflected beam at Ei 
= 13.74meV

A single crystal reflects neutrons 
according to Bragg’s law: 

Resulting in an intense spot seen by 
detector

nλ = 2dsin(θ / 2)

He3

MG

He3

MG

No loss of position resolution or 
saturation observed in Multi-Grid



Methods Used for Tests

Vanadium

Background

Single crystal

Fast neutrons (fission, prompt)

Water, Ice

Allowing to measure:
Energy resolution, efficiency, scattering, background sensitivity, saturation

0 1000 2000 3000 4000
101

102

103

channel number
co

un
ts

Gamma background
(NaI detector)



Results of CNCS Test

• Operation with no access for 11 months, until end May.
• Essential demonstration. MG is now the baseline detector for CSPEC & T-REX
• Energy resolution, efficiency, backgrounds 

shown to be comparable between MG and He3. 
• Better performance at high rate in Multi-Grid
• JINST paper, 2017 JINST 12 P04030  https://arxiv.org/abs/1703.03626 for all results

Thanks to the colleagues at SNS for this 
opportunity and cooperation! 

These results would not be possible 
without you!

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


Multi-Grid test at CNCS

Next Steps: 
• Data analysis still ongoing
• “Thermal” instrument demonstrator planned
• In past couple months, have visited 
4SEASONS@JPARC, DIN-2PI@IBR2 and 
SEQUOIA@SNS to investigate feasibility and 
interest

• Services, vacuum, etc under design 
• Integration into instrument design
• Design for CSPEC and TREX started

… not quite the end …. 
June 2017

June 2017



Simulation



• Several projects, the majority of detector demonstrators have been modeled  
(E. Dian, G. Galgóczi, K. Kanaki, M. Klausz, D. Lucsányi, V. Maulerova, D. Pfeiffer, I. 
Stefanescu,  
C. Sørgaard) 
– Multi-Grid 
– Multi-Blade 
– He-3 
– BAND-GEM

– B/Gd-GEM 
– Jalousie 
– Si sensors 
– boron-coated straws

47

Boron-coated straws BAND-GEM He-3 tubes

Si sensorsSource Testing FacilityMulti-GridMulti-Blade

The ESS DG simulation projects

– macro-structured MWPC 
– flat MWPC 
– plastic scintillators 
– Source Testing Facility@LU



ESS Coding Framework -  
Geant4 simulation framework Developed by ESS Detector Group 
doi:10.1016/S0168-9002(03)01368-8  
doi:10.1088/1742-6596/513/2/022017

• New tools & utilities are recently developed for neutron 
studies 
– Physics 

• Coherent scattering  
• Inelastic scattering 
• Single- and poly-crystals… 

– And more 
• Communication 
• Visualisation 
• Ready-to use… 

 

Simulation tools

NXSG4 
doi:10.1016/j.cpc.2014.11.009  
http://nxsg4.web.cern.ch/nxsg4/

NCrystal  
https://github.com/mctools/ncrystal/wiki

MCPL -  
Monte Carlo Particle List 
https://mctools.github.io/mcpl/

48
19 Sept. NSS Seminar  
K. Kanaki, X X. Cai, E. Dian: Optimization of detector design for  instruments with simulations: Tools and applications

https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1016/S0168-9002(03)01368-8
https://doi.org/10.1088/1742-6596/513/2/022017
https://doi.org/10.1088/1742-6596/513/2/022017
http://dx.doi.org/10.1016/j.cpc.2014.11.009
http://dx.doi.org/10.1016/j.cpc.2014.11.009
http://dx.doi.org/10.1016/j.cpc.2014.11.009
http://nxsg4.web.cern.ch/nxsg4/
http://nxsg4.web.cern.ch/nxsg4/
https://github.com/mctools/ncrystal/wiki
https://github.com/mctools/ncrystal/wiki
https://github.com/mctools/ncrystal/wiki
https://github.com/mctools/ncrystal/wiki
https://github.com/mctools/ncrystal/wiki
https://github.com/mctools/ncrystal/wiki
https://github.com/mctools/ncrystal/wiki
https://mctools.github.io/mcpl/
https://mctools.github.io/mcpl/
https://mctools.github.io/mcpl/
https://confluence.esss.lu.se/display/SD/NSS+Seminars?preview=/64913835/237732378/DG_NSS_seminar_19Sep2017.pdf


Scattered neutron background

49

Detector

Sample environment

Scattered neutron

Real and measurable neutron energy

Scattered neutron

• Neutron scattering on detector  
and environment 

• Study and distinguish background 
effects 

• Guidelines for detector design
Realistic 

simulation

Geant4 @Coding Framework

Prototype 

Full-scale detector model

Validation

Optimization



Large area detector for chopper 
spectroscopy – Multi-Grid
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Multi-Grid  
• Large area detector  
• Inelastic instrument,  

chopper spectroscopy 

• Solid B4C converter + Ar/CO2 
• Aluminium frame – crystalline Al

A. Khaplanov et al. 
http://dx.doi.org/10.1016/j.nima.2012.12.021

Geant4 @Coding Framework

Scattered neutron background 
induced in detector

Low background is essential

• First we validated simulation with data 
from IN6 demonstrator detector

http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
http://dx.doi.org/10.1016/j.nima.2012.12.021
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DetectorSample environment

3.3 m

Isotropic scattering  
particles simulated from sample

Geant4 @Coding Framework NXSG4

Instrument outputs can be used  
as particle guns



MultiGrid detector test at CNCS, SNS
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• Chopper spectroscopy 
• Measured quantities:  

– ToF 
– detection-coordinates 

• Energy transfer:  
Etrf = Einitial – Efinal

Etrf = Einitial - Efinal 

Derived energy transfer at 3.678 meV from 
measurement

Counts

Anton Khaplanov et al.: 
Multi-Grid Detector for Neutron Spectroscopy: Results Obtained on Time-of-Flight Spectrometer CNCS 
doi:10.1088/1748-0221/12/04/P04030, https://arxiv.org/abs/1703.03626 

https://doi.org/10.1088/1748-0221/12/04/P04030
https://arxiv.org/abs/1703.03626
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Etrf = Einitial - Efinal 

Elastic peak

Scattered neutron background 
from detector

Geant4 simulation NXSG4
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Etrf = Einitial - Efinal 

Elastic peak

Scattered neutron background 
from detector

Geant4 simulation NXSG4
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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



Simulation: Conclusion

• Realistic Multi-Grid model built 
– reproduced measured results from  

IN6 and CNCS experiments 
• Ready to use for optimization

60

Instruments with 
better  

signal-to-background 
ratio by design

• Predicament for background 
sources and levels in full-
scale detector 

• Shielding and design 
optimization in the level of 
grids, columns and full-scale 
detector 



Neutron Reflectometry: 
A Rate Challenge

•Rate requirements is high:
•Intensity of new sources
•Time structure of pulse
•Advanced design instruments

ESS requirements 

The state of the art 

3He 
technology 

x100 x10 

Multi-Blade 

10B 
technology 

0.3 x 4 >1000 

x10 x1 

Multi-blade design:
•High rate capability
•Sum-mm resolution

High detector requirements  

1   10   100 

1 = state-of-the-art

Instantaneous 
Rate Capability

100 kHz/mm2

1            2               3           4 

Reflectometry
Spatial Resolution 

Reflectometry

0.5 mm



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



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



The Multi-Blade project

neutrons
neutrons

130m
m

100mm

32 Strips 
(back)

9 
un

its

32 wires 
(front)

vessel

32 ch  
front-end board



Summary

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

Multi-Blade 

gas gain 20

efficiency 45% @ 2.5Å 
56% @ 4.2Å 
65% @ 5.1Å

spatial resolution 0.5 x 2.5 mm2

uniformity 10%

overlap 50% eff. drop in 0.75mm gap

stability <1% in 12h

counting rate 
capability

>1.6 kHz/mm2 (lower limit) 
>17kHz / channel (lower limit)

gamma-ray 
sensitivity

< 10-7 (with 100keV threshold)

M
at
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g 
ES

S 
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qu
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m
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ts
 

x3 better than  
state-of-the-art

x10 better than  
state-of-the-art



sample

MB detector
sample

CRISP reflectometer at ISIS

130mm

100m
m

Multi-Blade 
detector



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



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



Why are we here?



Summary

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

Multi-Blade 

gas gain 20

efficiency 45% @ 2.5Å 
56% @ 4.2Å 
65% @ 5.1Å

spatial resolution 0.5 x 2.5 mm2

uniformity 10%

overlap 50% eff. drop in 0.75mm gap

stability <1% in 12h

counting rate 
capability

>1.6 kHz/mm2 (lower limit) 
>17kHz / channel (lower limit)

gamma-ray 
sensitivity

< 10-7 (with 100keV threshold)
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x3 better than  
state-of-the-art

x10 better than  
state-of-the-art

**Need to be > x100 better on rate capability**
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The 10B based Jalousie 
neutron detector 

Our solution for POWTEX 
as alternative for 3He 

filled PSD counter tubes
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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. 
  

n

MAGIC-Jalousie	detector	(ESS)

Document Type Software Design Description Date (1) Apr 10, 2017 
Document 
Number 

ESS-0105538 State  Preliminary 

Revision 1 (1) Confidentiality Level  InternalInternalInternal 
 

32 (45) 

 

Figure 22: Detector layout around the sample environment, blue is project scope diffraction detector, while 
red is the future upgrade of diffraction detectors. The yellow and green color represents the 
detector electronics and shielding, respectively. 

The sample vessel is designed to have sample environment craned in from the roof. An 
interruption in the detector coverage gives an in-plane access to the sample, which can be 
used for optical access for visual inspection or Raman and IR measurements during in situ 
studies.   

3.6.2. Sample environment 

The project scope for HEIMDAL does not foresee any investment in sample environment 
dedicated for HEIMDAL. However for high throughput a robotic sample changer should be 
installed in an early upgrade of the instrument. In the longer term it is a likely advantage 
to have dedicated sample environment for HEIMDAL as the incident window needs to allow 
for the 4.5° difference between the thermal and cold beam. Dedicated sample 
environment should enable the possibility to go between 4 to 800 K, which can be handled 
by a multi-sample cryo-furncae. In general for expectations to the sample environment 
pool, please see [HEIMDAL Sample environment requirement report]. 

3.7. Experimental Cave 
The experimental cave is hosting and shielding the instrument including the sample area. 
A double-story container is connected to it with room for the experiment crew, the control 
computers, some local electronics, sample preparations and storage rooms. The containers 
will be installed in Hall E01 on level 0. The containers are fully air-conditioned (water 
cooled) and ventilated from outside. The details are summarized in a separated report 
[HEIMDAL Cave design]. We summarize here the detailed HEIMDAL cave report submitted. 

3.7.1. Dimensions 

A false floor in the cave is extended into the labyrinth and creates a platform in front at 
the same level. This solution allows easy transportation of heavy equipment in and out of 
the cave. From here there will be access to the hutch platform and hall floor by stairs. 

HEIMDAL-Jalousie	detector	(ESS)

n

“Mantle”	
detector

n

POWTEX	(FRM2)/DREAM	(ESS)	Jalousie	
detector

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

The	POWTEX-Jalousie	is	currently	under	construction	for	the	POWTEX	
instrument	at	the	FRM2	research	reactor	(Garching).	

Design	and	construction	of	DREAM-Jalousie	(ESS)	scheduled	to	start	in	2018.	

The	Jalousie	detector	concept	was	developed	by	the	company	CDT	in	Heidelberg.	The	detector	is	based	on	the	
10B-technology.		
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Christian J. Schmidt, CDT GmbH Heidelberg, DENIM 2015

DetectorSegments in Productionat CDT GmbH
current capacity:

3 segments per week

Betriebshandbuch, Montageanleitung und Stromlaufplan 9. März 2015

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

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

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

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

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

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

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

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

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

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

www.n-cdt.com 8 c� 2015 CDT GmbH
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tive Detektorvolumina unterteilt. Deren Maße sind: Länge x Tiefe x Höhe = 1600 mm ( Proben-
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tektorsegmenten. Im Hintergrund ist der Stirnflächendetektor schematisch dargestellt, an den sich der Man-
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tektorfläche abgeschlossen sein, die sich möglichst nahtlos und mit minimaler Blindfläche an den zentralen
Zylindermantel anschließt. Zu diesem Zweck ist jedes Segment an den beiden seitlichen Enden unter 45�

nach hinten geführt und wird mit je einem Endblock abgeschlossen. Diese sind dafür verantwortlich, dass
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Energy Ranges for ESS Spectrometers

Energy ranges of the first ESS ToF spectrometers

Cold range, 
0.76 to 15 meV 
measured

Measurements needed 
for thermal range, up 
to 160 meV

CSPEC T-REX

Typical initial λ, 
Å (meV)

2 to 15 Å 
(20 to 0.36 meV)

0.7 to 6.4 Å 
(160 to 2 meV)

Incident energies used at CNCS 
and SEQUOIA (M. Stone et al.)
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Summary

•Construction is proceeding rapidly  

•15 instruments are entering construction for ESS 

•There is a baseline detector design for these instruments 

•Detectors are in detailed design
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