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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)!

Controls Workshop 

http://www.europeanspallationsource.se
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Scope

•Support and facilitate partners to be able to deliver performant detectors for world class 
instruments
•Act as a host institute to assist and enable in-kind partners to deliver where requested
•Act as supplier of detector systems where requested
•Facilitate installation and commissioning of detectors
•Operate and maintain detectors throughout their lifetime

•Interface management for in-kind partners with other parts of NSS and ESS and other in-
kind partners
•Integrate detectors into a homogeneous ESS instruments suite 
•Where necessary, assist in the design and development of detectors with partners for 
partners
•A technology service group capable of long term support
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What we provide 
•Technology Developments for particular instrument classes
•Development of a standardised detector and beam monitor readout (with STFC in-kind 
partners)
•Provision of B4C coatings and development effort gratis during design phase

•Support during reviewing process and consultation
•Help determine detector interfaces with other ESS groups 
•Testing and Working Facilities in Lund (see next slides)

•Electronics Readout: nominal 200kEUR identified in scope setting
•Standard readout rack, UPS, readout crate, timing interface, HV+LV, Detector Cabling, 
adaptation to interface with Front End Electronics 
•Beam Monitor standard readout at cost.

•For construction, we can offer instrument teams at cost: 
•Provision of Detector Systems 
•Coatings for detectors
•Installation and commissioning effort 
•Provision of Beam Monitors
•Please come and discuss possibilities with us, to foresee effort needed



Detector Workshop
(Also Mechanical and Electronic 

Workshops exist)



We have come a long way...

early 2014 Apr. 2015

Today

. . . and things are going smoothly for the most part

development continues: extended work area, new soldering station

and still optimizing everything

Hanno Perrey (LU) STF Plans STF workshop Feb. 2017 2 / 5
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Today
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development continues: extended work area, new soldering station

and still optimizing everything

Hanno Perrey (LU) STF Plans STF workshop Feb. 2017 2 / 5

•Located in basement of Lund U physics dept
•ca. 700m from present offices
•Uses radiation source permit from Lund U
•Possibility to use radioactive sources in 
Lund
•ie development, testing, quality assurance, 
…
•SAT possible for detectors in Lund
•Heavily used over last couple of years

•Many neutron and gamma sources available
•neutron: Am/Be
•Gamma: Fe-55, Co-57, Co-60, Ba-133, … 

•Electronics, DAQ, gas, infrastructure, elog 
available for testing 

•Tagging method available for fast neutrons
•eg as recently used for evaluating B-loaded 
concrete
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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?

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

Diffraction SANS
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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



Schedule: Where are we for detectors?
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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 

interface

Detector schedule is longer than the instrument build schedule



How does this fit into controls?
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Instruments are a collection of subsystems, with some distance (often quite large) 
between components 

July'2014'–'ESS=ISIS'Mee0ng'
Geography'of'an'Instrument''

Sample Environment 
and Control Choppers, Shutters 

etc One or more types of 
detector. 

>5m ~1-5m 

Control 
Box 

Control 
Box 

Control 
Box 
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Instrument is a collection of independent subsystems joined only through ICS 
and DMSC.  
 
Each detector technology on an instrument will be readout as one or more 
subsystems. 
 
There are two ways data can get to the DMSC 

July'2014'–'ESS=ISIS'Mee0ng'
Instrument'Readout''

Data Readout 
Hub & 

Processing 

Data Readout 
Hub & 

Processing 

DAQ Pathway 

Sample Control 
Translation, 

Robot, 
Cryo, Magnet, 

etc. 

Detector Control 
HV, LV, Gas, etc.  

Detector Control 
HV, LV, Gas, 

etc.  

Local Beam 
Control,  

Choppers, etc. 

ESS ICS  
Control Box 

(EPICS) 

ESS ICS  
Control Box 

(EPICS) 

ESS ICS  
Control Box 

(EPICS) 

ESS ICS  
Control Box 

(EPICS) 

ESS ICS  
Control Box 

(EPICS) 

ESS ICS  
Control Box 

(EPICS) 

DAQ Pathway 

DAQ Pathway 
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metallurgical reactions using scattering 
techniques are of fundamental importance in 
understanding the reaction kinetics during 
FSW.  

An FSW device for in situ experiments has 
already been used at DESY [SC18] (Fig. 7). 
However, with high-energy X-rays it is 
difficult to determine residual stresses 
because of the small scattering angles, 
preventing access to relevant sample 
orientations. Moreover, precipitates in some 
relevant Al alloys do not have a contrast at 
high X-ray energies so that SAXS cannot be 
used to study the precipitation kinetics in 
these alloys in situ. Neutrons, on the other 
hand, provide the high scattering angles 
needed for accessing three orthogonal strain 
directions even with a large FSW machine. 
With three directions measured, the effect of thermal expansion and mechanical strain can be 
separated, assuming a plane stress state [SC11]. Neutrons also offer sufficient contrast for 
studying precipitates with SANS in cases where SAXS fails. Thus, in situ neutron scattering 
studies can provide important information about the FSW process that cannot be obtained 
using other probes. Although FSW is not a high-speed process, welding speeds of more than 
1 m per minute can be relevant for production. A high-flux in combination with pulse 
multiplexing like at the proposed instrument will be required for sufficient time resolution to 
capture the process. 

1.1.3 Potential user community  

There already exists a relatively large user community involved in residual stress mapping and 
texture analysis using diffraction methods [SC4]. The proposed instrument will naturally attract 
these users, since it will provide the highest neutron flux in combination with high resolution 
thanks to the most advanced neutron optics. Some engineering diffractometers at large scale 
facilities worldwide, particularly the latest TOF instruments, are equipped with sample 
environments for in situ studies, which currently cover large part of their user access. The 
proposed instrument will address also these users interested in in situ experiments in view of 
time resolutions exceeding current possibilities. Additionally, users will be attracted thanks to 
the planned support for user-supplied equipment and measurement of long-lasting processes. 
The envisioned shift towards in situ studies should lead to a significant enlargement of the 
user community. 

A great potential for the growth of the user community is expected to come from the 
installation  of  the  Gleeble®  simulator  on  the  beamline.  This  potential  is  supported  by 7 letters 
of intent (Appendix 3, Letters of Interest) of leading experts from laboratories employing 
Gleeble®  simulators.  A  world-unique facility at ESS, where physical simulation engineering 
studies will be combined with neutron diffraction, is expected to attract the well-organized and 
fast growing community of metallurgists as well as industrial attention. In order to inspect the 
prospect for new science to be initiated by installing a Gleeble simulator in the neutron beam, 
the proposers organized an ESS Science symposium [SC19], where the potential user 
community met for the first time. A sequel symposium with broader coverage of new science 
created by in-situ processing and testing experiments on BEER is scheduled for December 

  
Fig. 7. In situ friction stir welding machine 
“FlexiStir”  at  a  HZG synchrotron beamline at DESY. 
The machine has a mass of 1.4 t and a height of 
1.5 m. The inset shows the tool welding an Al alloy 
sheet. 
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Nov'2014'–'IKON'mee0ngs'etc'
Modular'Instrument'Control'Concept''Modular	Instrument	Control	Concept

Beam	Transport	&	Conditioning	AreaBeam	Extraction	+	Bunker	Area Sample	Area

EPICS	(ICS)

Detector	
Readout

160m

Beam	
Monitors	
Readout

PSSShutter	
Movement

Chopper	
Control

Chopper	
Control

Detector	
Movement

Sample		
Environment

Collimation	
Changer

Vacuum	
Control

CB CB CB CB CB+CBCBCBCB CB+

Instrument	Control,	Data	Acquisition,	GUI	(DMSC)n

Timing	(ICS)

•Modularisation to manage key interface

T.Gahl et al, Proc. 
ICANS XXI (2014)

arXiv: 1507.01838



Detector Systems --- “System Analysis”
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The instruments themselves will be built by a wide variety of partners from across Europe, who 
will realize the ESS project through In-Kind Contributions. To achieve a heterogeneous instrument 
suite, a systems engineering approach is followed. For the components of instruments, a 
functional decomposition, as shown in the figure below, is desired. This approach allows a 
synergetic method towards common technologies between instruments.  

Figure 2: Functional decomposition of an instrument into the component technologies, such as guides, neutron 
choppers, shielding, optics, detectors, beam monitors, motion control and automation, etc. The different boxes 
represent these different components of the instrument.  

A functional decomposition of neutron detectors is shown below, where the neutron detector is 
divided into: a) the conversion the neutron into charge or photons, b) the collection of this charge 
or photos, c) the electronic part of the detector, where the data is formed and c) the data interface 
to the ESS Data Management and Software Centre (DMSC).  

Figure 3: Functional decomposition of neutron detectors. 

Instrument #1

Instrument #N

Instrument #2

7 

At a top level, neutron detectors as a system can be simplified, as shown in figure 4 below. This 
simplification is useful to consider how to streamline the interface definitions. It is interesting to 
note that in neutron scattering (and in contrast to other big science disciplines, such as high 
energy physics), instruments are primarily treated with the mechanical engineering integration as 
the main goal. Detectors are, in contrast, primarily electronic sensor devices, as introduced in the 
executive summary at the beginning of this report. This means that a change of emphasis is 
appropriate if optimal performance is to be obtained by the detector system, with consideration of 
electrical and electronic integration first for detectors, and subsequently determining the 
mechanical integration around this. 

As figure 4 shows, for detectors readout, this can be simplified into the key interfaces for the 
detector readout: 

x Neutronic interface. This is primarily dealt with by determining the detector performance
requirements as part of the design process. This is not dealt with further in this document.

x Electrical and Electronic Interfaces, in particular Electronic grounding.
x Mechanical interfaces, including cabling and geographical location.
x Data Interface to Integrated Control System via timing and EPICS.
x Data Interface to Data Management and Scientific Computing.

Figure 4: system diagram of a neutron detector, giving the inputs and outputs to the system. 

Within the detector readout, functional decomposition is further carried out, to allow a seamless 
integration of different detector technologies, from different in-kind partners. This is shown in 
figure 5 below. Each of these stages can be used to integrate electronics, for example from an 
in-kind or commercial partner.  

Neutron 
Detector

Neutron Data to DMSC
Monitoring via EPICS

Control via EPICS

Electronic Interface
Mechanical Interface

inputs outputs

ESS Timing



Detector Systems --- “System Analysis”

x 22 detectors for instruments

Inputs Outputs

Electric mains (clean, filtered, 
isolated)

Safety Earth

Power

Ethernet

Services

Neutrons
Neutrons

Signals
Clock
Telegrams
UTC Timestamp

Safety
Interlocks / Emergency 

buttons / Sensors

Slow control

Cooling water
Air / N2 (Cooling / environment)
Gas (Ar, CO2, CF4, maybe others)

Safety
Alarms

Waste
(Warm) water
(Warm) Air / N2 (Cooling / environment)
Waste Gas (Ar, CO2, CF4, maybe others)
Heat

Ethernet
Data
Monitoring Data
Slow control

Environment
Temperature, pressure, humidity

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Detector ground
HV, LV

Alignment
Alignment
Positioning

Monitoring

NB Details vary for each instrument 

Most of this is "slow control"



Detector Systems --- Examples of Environmental Monitoring

Waste
(Warm) water - flow, temperatures
(Warm) Air / N2 (Cooling / environment) - 

flow, temperatures
Waste Gas (Ar, CO2, CF4, maybe others) 

- flow, temperatures, composition
Heat

Services
Cooling water - flow, temperature
Air / N2 (Cooling / environment) - 

flow, temperature
Gas (Ar, CO2, CF4, maybe others) 
- flow, temperature, composition 

Environment
Temperature air
pressure air 
humidity air
Temperature on detector 
Temperatur in electronics
May be many sensors
Alignment

NB 
Details vary for each instrument 
Not all services needed for each instrument 
Design, ranges depend upon design



Detector Systems --- Slow Control — Where are we?
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Figure13: Examples of common crate based units undergoing evaluation from Wiener and CAEN suppliers for HV 
and LV supply.  

6.3 Monitoring Interface 

As stated above, detectors are treated as a system to improve the modularity of their 
implementation for ESS. The inputs and outputs from this system need monitoring to ensure 
functionality and reliability of the implementation. A generic system diagram is shown in figure 14 
below. Also indicated is the monitoring that is needed for this system. It should be noted that not 
all detector systems need all aspects indicated here.  

Figure 14: System analysis of a generic neutron detector system. The monitoring needed for the various aspects of 
the detector are indicated.  

ESS 2013-11-12!

HV$B$ESSIIP$

ICS Integration essentially complete.
Fully integrated mainframes from both 
Wiener/iSEG and CAEN. 

Can now make performance tests with these
systems.

‘Floating’ or ‘Common Floating’ 

Need a list list of requirements instrument by 
instrument (number of channels, voltage/current etc.), 
so that we can identify boards to test. 

Detector Systems --- “System Analysis”

x 22 detectors for instruments

Inputs Outputs

Electric mains (clean, filtered, 
isolated)

Safety Earth

Power

Ethernet

Services

Neutrons
Neutrons

Signals
Clock
Telegrams
UTC Timestamp

Safety
Interlocks / Emergency 

buttons / Sensors

Slow control

Cooling water
Air / N2 (Cooling / environment)
Gas (Ar, CO2, CF4, maybe others)

Safety
Alarms

Waste
(Warm) water
(Warm) Air / N2 (Cooling / environment)
Waste Gas (Ar, CO2, CF4, maybe others)
Heat

Ethernet
Data
Monitoring Data
Slow control

Environment
Temperature, pressure, humidity

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Monitoring

Detector ground
HV, LV

Alignment
Alignment
Positioning

Monitoring

NB Details vary for each instrument 

LV/HV Devices “integrated"
Not clear whether they are usable yet …?

Not clear how to scale to test or real systems?

ESSIIP Racks

https://doi.org/10.17199/BRIGHTNESS.D4.1


Detector Systems --- Slow Control — Where are we?

 

Presently determining what we need in terms of monitoring

Table under construction … but a good first pass at what is needed …  

https://doi.org/10.17199/BRIGHTNESS.D4.1


Detector Systems --- Readout

https://brightness.esss.se/about/deliverables/41-integration-plan-detector-readout

https://doi.org/10.17199/BRIGHTNESS.D4.1

https://doi.org/10.17199/BRIGHTNESS.D4.1
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This'slide'has'been'showing'up'since'2013'
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Third Party Front End 
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Existing design for pre-amp, digitizer etc from 
external partner. 

 
Adaptor in-house  

 
In this case the data processing provided by 

the region processor could be in house. 

Integra(ng)Front)Ends)))

Entire subsystem provided by external partner. In this case the 
local region processing is handled by the external design. 

 
Firmware for this intermediate stage would have to be provided 

and maintained by external partner.  
 

Custom Interface module may be designed locally. 
 

DISCOURAGED 
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Third Party Front End 
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Integra(ng)Front)Ends)))

In this case the external partner supplies 
essentially a complete readout system for the 

detector array.   
 

Interfacing hardware could be provided in house 
(construction cost) 

 
ESS system acts as a bridge to ESS standard 

interfaces. 
 

The entire subsystem would have to be 
maintained by the external partner. 

 
STRONGLY DISCOURAGED 

 

This is the case where an external system cannot 
(realistically) be adapted to use the ESS design as a bridge.  

 
Eg a commercial system where proprietary or confidential 

protocols are used. 
 

DG provide NO support!!! 
 

ONLY IN EXCEPTIONAL AND UNAVOIDABLE 
CIRCUMSTANCES…  

ie NEVER 
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Event'Forma0on''
(Morten'Jagd'Cristensen)'

input processing output 

Eth. RingBuffer <9000> 
 
 
 
           Lockless FIFO <int> 

pthread pthread pthread 

Prototype Pipeline Process 
v2 

UDP TCP 

    Event RingBuffer <12> ( 
 
 
 
Lockless FIFO <int> 

Experiments	

I1	 EF	
Aggregator	

I2	

I5	

I3	 I4	EPICS	

Event	Forma;on	

EPICS	Forwarder	

Interface demonstrated 
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ESS'Instrument'Readout''
(Detector'Perspec0ve)'

FPGA 
MASTER 

MODULE 
INTERFACE 

Event Formation COTS 
SWITCH 

DIAGNOSTIC 
SYSTEM 

Back End 
DETECTOR MODULE 

ICS Control Box(es) 
TIMING and CONTROL 

How many different frontend 
hardware configurations 

to demonstrate? 

Timing Control Demo 

ZYNQ Integrated 
control box 

DEV board master 
prototype, linked to  

test readout 

Diagnostic/test system 
Software & Tests 

ASSISTER-DEV 
Collection Topology 
Clock Distribution 

Sync studies 

 Full Master prototype 

COTS ADC & Test 
Detector 

Implementation 

ASIC Integration 
Demonstrators 

ASSISTER 
Full Prototype 

 HV 
Gas etc. 

Front End 
eg ASICS 

CONTROLLER 

HV 
Gas etc. 
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DG 
DIAGNOSTICS 

Project Specification 

Document Number ESS-0049514 

Date European Spallation Source ERIC 

30th September 2016 
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Applications that fall outside the range of the generic motion control unit will be deemed 
special-purpose motion control applications (discussed in the next section) and managed on 
a case-by-case basis. 

2.3 Special Purpose Motion 

Special Purpose Motion includes all motion controllers that do no fit into the generic category 
listed above. There will be instances where instrument projects source components and 
turnkey systems out of convenience from external partners and in-kind contributions. This 
could include components such as robots, hexapods, piezo controllers or other special 
purpose motors. This deliverable will not necessarily exist on each instrument. 

 

 
Figure 3 Special-purpose MCU integration block diagram 

A schematic overview of the technical solution and integration is given in Figure 3 with a 
dedicated motion controller generally developed and supplied together with the motion 
control hardware.  
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There are three logical layers 
in the generic readout layout 

 
Front end digitizes signals and 

timestamps 
 

Region processor collects data 
to perform zero supression, 

matching etc.  
 

Back end interfaces to ESS 
systems, and sends data 

Readout#Model#–#Generic####
• An integrated plan for integrated detector 

readout 
• For all parts of system, prototype hardware 

exists

Task4.4: Detector Realisation

Timing and Data 
Demonstrator

Interface shared, understood, manned and demonstrated

• Interface between WP4 and WP5 a key 
interface for ESS instruments

• The sum of this interface defines the data 
acquisition path for neutron detector data at 
ESS
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DGR'Timing'Controls'Demonstrator'



Beam monitor electronics
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Front end 
AMP Event formation

Timing EPICS

DMSC

DAQBeam 
monitor

Work done by: Steven, Scott (DG) Tobias and Janos (DMSC)

example



V20 test at HZB
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Front end 
AMP Event formation

Timing EPICS

DMSC

DAQBeam 
monitor

DMSC and ICS
BM electronics several options (for more details see Scott talk at IKON13): 
✓ Integration Demonstrator (Done)  
❑ Talin 
❑ Talin ++ 
❑ Standard detector readout



V20 test at HZB
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V20 test at HZB-Berlin: 
❑ Detector Group  
❑ Chopper Group 
❑ DMSC 
❑ ICS

Choppers will tell you about this …?

System integration shown 
Successful test: 
DMSC produced time-of-flight spectra 
based on the D.G. readout from the 
beam monitors, 
 and  Diagnose chopper using two BMs
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Questions?
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