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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)!

Overview: Slides recycled



Information

Information on Detector Electronics

• System design and Integration
• Details how the detector electronics is design and integrated into ESS data acquisition chain
• https://doi.org/10.17199/BRIGHTNESS.D4.1

• Grounding
• Pushed this from a very early stage (Scott) as a key standardisation - very easy to get this very wrong
• Grounding guidelines and implementation absolutely key to an electronically well-behaving instrument
• Very please to hear that a dedicated engineer now being hired

• Details and Status of Implementation 
• There have been long detector sessions at the past 3 IKONs. Most detailed information is available there: 
• IKON15: https://indico.esss.lu.se/event/1041/timetable/#20180911.detailed
• IKON14 (satellite): https://indico.esss.lu.se/event/971/
• IKON13:  https://indico.esss.lu.se/event/858/timetable/#20170928.detailed

• You will need to speak with us
• The detail of the integration can only be resolved in person
• All instruments will be slightly different 
• Expert-expert interaction

https://doi.org/10.17199/BRIGHTNESS.D4.1
https://indico.esss.lu.se/event/1041/timetable/#20180911.detailed


Philosophy

• Philosophy:
• ESS operational model assumes a very high level of efficiency and low level of maintenance
• Commissioning, Operation and Maintenance must be minimised
• Therefore common DAQ, common interface to DMSC

• Backend Readout 
• Added to instrument budgets at the scope setting meetings
• This ensures that a common DAQ, common interface to DMSC is achieved
• That instrument diversity from detector in-kind partners is standardised at this stage
• Each instrument will be different in terms of what is needed. Many will need much less than reserved.
• Rough breakdown: 
• Detector Standard Rack - Rack with separate ground, UPS, Cabling, Testing, etc (ca. 10%)
• Master Module, etc - Master, Mellanox, Diagnostic and Control, PLC, LV, Tranceivers, fibres, …(ca. 25%)
• Voltage Provision (ca. 15%)
• Integration Effort - 2/3rds Front End integration to Assistor, 1/3rd dedicated design (ca. 50%)

• You will need to speak with us
• The detail of the integration can only be resolved in person. 
• Already ongoing with many instruments
• When you feel you are ready: get in contact with Steven Alcock&Scott Kolya



ESS Controls and Readout Architecture
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Instrument Readout Architecture

DMSC Hardware

Instrum
ent H

ardw
are

Motion

Chopper

Detector 
Backend

Detector 
Backend

Event 
Formation 

Unit
Event 

Formation 
Unit

EPICS 
Bridge

Data 
Aggregation 

(Kafka)

NeXus File 
Writing

Live 
Feedback

MRF

MRF

EPICS

100 GB/s 
fibre

Do calculations here! 
i.e. position, coincidence, etc



Detector Readout & Event Formation

• Coincidence building 
and location 
refinement in 
software 

• Successfully 
demonstrated for a 
number of  
prototypes 

• More information in 
the next talk by 
Morten
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Readout Architecture

Steven Alcock, Detector Group, 18th January 2019
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System Architecture
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Front End Functions

3

100G

FE

ASIC/
ADC

FE

ASIC/
ADC

FE

ASIC/
ADC

FE

ASIC/
ADC

Master
FE

ICS
Ctrl

Ctrl
&

Timing
data

ctrl + data

second ring

Backend

ctrl
• Acquire accurate timestamp.

• Collect digitized (timestamped) Bulk
data, and downstream it to the BE.

• Receive & Return Memory Mapped
Slow Control data (e.g. ADC-register
W/R’s)



Front End Functions
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Front End (FE) Functions
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Thank you for your attention


