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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)!
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• Draft layout of detector racks done 
• Anders Lindh Olsson left in December  
• Work will be completed (document) as soon as replacement identified 



Standard Detector Racks

• "Standard detector rack" selected based on STFC In-Kind report
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Readout Architecture

Steven Alcock, Detector Group, 2nd July 2019
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demonstration this year

2020/2021: moving 
this into a production 
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Assister Specification Document

Chess document: ESS-2055809



FE user interface

• FEA (front end assister) 
firmware communicates 
with the ring/backend 

• FEE (front end user 
firmware) 
communicates with 
frontend ASIC like 
VMM3a or ADC 

• FEA and FEE part of 
firmware communicate 
via AXI4 streams



Front-End to Back-End Integration Status

Instrument Front-End Integration Agreed? Integration Model Integration Started? Estimate for Integration 
Demonstration

CSPEC VMM Yes A Yes: Nov19 May 2020

TREX VMM Yes A Yes: Nov19 May 2020

ESTIA VMM Yes A Yes: Nov19 May 2020

FREIA VMM Yes A Yes: Nov19 May 2020

NMX VMM Yes A Yes: Nov19 May 2020

DREAM CIPIX Yes C Yes: Oct19 Apr 2020

MAGIC CIPIX Yes C Yes: Oct19 Apr 2020

HEIMDAL CIPIX Yes C Yes: Oct19 Apr 2020

LOKI ISIS PREAMP/CAEN R5560 Yes C Yes: Jun19 Mar 2020

BIFROST ILL PREAMP / CAEN R5560 Yes C No: Mar20 Jun 20

VESPA PREAMP / CAEN R5560 (TBC) No C (tbc) No tbd

MIRACLES PREAMP / CAEN R5560 (TBC) No C (tbc) No tbd

SKADI IDEAS Yes X Partially: Aug19/Jan20 May 2020

ODIN Custom Camera+EPICS & 
TIMEPIX 3

Partially XX & C (tbc) No tbd

BEER Delay Line + Custom FPGA No C (tbc) No tbd

Beam Monitors PREAMP / PINK BOX Yes B Yes Complete

TestBeam Line Custom No tbd. No No



After Integration Demonstration? 

• Full DAQ chain needs to be challenged with data to iron out features … 
• … and to understand data , geometry and how to commission … 
• ESS Detectors systems are complicated compared to most existing neutron detectors  

• Full system needs to be documented



Enjoy the Session


