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A Vision For Detectors for the European Spallation Source ESS AB 
Richard Hall-Wilton1,2,  Scott Kolya1, 

Maddi Echegary1, Kevin Fissum1,3, Carina Höglund1,4, Mewlude Imam1,4, Kalliopi Kanaki1, 
Anton Khaplanov1, Thomas Kittelmann1, Björn Nilsson1,5, Luis Ortega1, Dorothea Pfeiffer1,6, 

Francesco Piscitelli1,7, Julius Scherzinger1,3, Irina Stefanescu1,8 
and through collaborations and in-kind partnerships most of the participants at the workshop 
1European Spallation Source (Lund, Sweden)   2Mid-Sweden University (Sundsvall, Sweden)    
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7 ILL (Grenoble, France)   8 FRM-II Laboratory (Münich, Germany) 
The European Spallation Source (ESS) in Lund, Sweden will become the world’s leading 
neutron source for the study of materials by 2025. First neutrons will be produced in 2019. It 
will be a long pulse source, with an average beam power of 5 MW delivered to the target 
station. The pulse length will be 2.86 ms and the repetition rate 14 Hz. The ESS is just 
entering the construction phase, which started in 2013 with the completion of the Technical 
Design Report (TDR). The instruments are being selected in yearly rounds selected from 
conceptual proposals submitted by groups from around Europe. These instruments present 
numerous challenges for detector technology in the absence of the availability of Helium-3, 
which is the default choice for detectors for instruments built until today and due to the 
extreme rates expected across the ESS instrument suite. Additionally a new generation of 
source requires a new generation of detector technologies to fully exploit the opportunities 
that this source provides. To meet this challenge at a green-field site, the detectors will be 
sources from partners across Europe through numerous in-kind partners; a process that is 
somewhat novel for the neutron scattering community.    

This contribution presents briefly the current status of the ESS, and outlines the timeline to 
completion. The number of instruments and the framework for the decisions on which 
instruments should be built are shown. For a conjectured full instrument suite, which has been 
chosen for demonstration purposes for the TDR, and updated based upon chosen instruments 
and submitted instrument concepts, a recently updated snapshot of the current expected 
detector requirements is presented. A strategy outline as to how these requirements might be 
tackled is shown. In terms of future developments for the neutron community, synergies 
should be sought with other disciples, as recognized by various recent initiatives in Europe, in 
the context of the fundamentally multi-disciplinary nature of detectors. This strategy has at its 
basis the in-kind and collaborative partnerships necessary to be able to produce optimally 
performant detectors that allow the ESS instruments to be world-leading. This foresees and 
encourages a high level of collaboration and interdependence at its core, and rather than each 
group being all-rounders in every technology, the development of centres of excellence across 
Europe for particular technologies and niches.  

[1] R. Hall-Wilton, I. Stefanescu, S. Kolya et al., Strategy for Detectors for ESS Instruments, 
in preparation (2014). 
[2] S. Peggs et al., ESS Technical Design Report, ESS-2014-0001 (2014). 
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E-mail of the corresponding author: Richard.Hall-Wilton@esss.se 

Since the abstract was submitted, we have been joined by:
Yashika Bansal (April), Robert Andersson (May), Michail Anastasopoulos (Sep), Linda 
Robinson (Sep)
and Luis Ortega has moved on to bigger challenges within ESS

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)!
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The	
  road	
  to	
  realizing	
  the	
  world’s	
  leading	
  
facility	
  for	
  research	
  using	
  neutrons

2014
Construc-on	
  work	
  starts	
  
on	
  the	
  site

2009
Decision:	
  ESS	
  will	
  be	
  
built	
  in	
  Lund

2025
ESS	
  construc-on	
  
complete

2003
First	
  European	
  design	
  effort	
  
of	
  ESS	
  completed

2012
ESS	
  Design	
  Update	
  phase	
  
complete

2019
First	
  neutrons	
  on	
  
instruments

2023
ESS	
  starts
user	
  program
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Current	
  status

• 3	
  instrument	
  concepts	
  have	
  entered	
  Construc<on	
  Phase	
  1	
  –	
  preliminary	
  
engineering	
  design.

• 16	
  new	
  instrument	
  concepts	
  have	
  been	
  proposed	
  and	
  reviewed	
  by	
  our	
  
independent	
  advisory	
  bodies,	
  the	
  STAPs	
  and	
  the	
  SAC.	
  The	
  SAC	
  will	
  soon	
  be	
  making	
  
a	
  recommenda<on	
  on	
  which	
  ones	
  to	
  build	
  and	
  in	
  what	
  order.

• The	
  construc<on	
  licensing	
  process	
  is	
  in	
  its	
  
end	
  stages.

• Na<onal	
  funding	
  nego<a<ons	
  are	
  nearly	
  
finished;	
  countries	
  are	
  commiIed.

• The	
  archaeological	
  survey	
  of	
  the	
  land	
  has	
  
been	
  completed,	
  and	
  test	
  piling	
  etc.	
  is	
  
on-­‐going.

• We	
  plan	
  to	
  break	
  ground	
  this	
  summer!
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Detectors: where are 
we?

Malmo

ESS

MAX-IV

Copenhagen

Lund

•The challenge

•Status of the group

•Standards

•In-kind for pre-
construction

•Collaboration for 
construction

•How does it look like?

•A snapshot of where we are 
today
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The	
  Challenge

5

•Lets start by looking back to pre--history ... 
•... where were we in 2011 ... start of the design 
update ...
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Seminar@Julich |  2013-05-24  |  Detectors: The Story so far ... 

2011

The ESS Site
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Helium-­‐3	
  Crisis

Little or None Available

Aside ... maybe He-3 detectors are 
anyway not what is needed for ESS? 

eg rate, resolution reaching the limit ... 

Crisis or opportunity ... ? 

....an 
appropriate 

initial 
reaction ... 

Sin
ce

 ca
. 2

00
9Figure 1: Global supply and demand situation for 3He gas in bar-litres as reported in late 2011. The demand

for the gas here exludes any ESS requirements or those of other future spallation sources.

in Europe of 3He, when available, is a factor 40-70 above its historical price. These factors puts 3He out of
scope for any future request, for large and medium area neutron detectors.

This dilemma was recognised by the neutron research community in 2009, and led to the formation of the
International Collaboration for the development of Neutron Detectors to investigate and develop alternatives
for large area detectors. In particular, three Joint Research Activity (JRA) working groups were formed: on
Scintillator detectors, 10B thin film gaseous detectors and BF3 gaseous detectors. In the discussion below,
extant technologies such as image plates and scintillator/ccd imagers are not mentioned; whilst they are well
proven technologies, and readily available, but they have poor time resolution. As such they are not appropriate
for core detectors for ESS instruments and are not considered further here.

Detector Requirements for the Instruments. The estimated detector requirements from the 22 reference
neutron scattering instruments outlined in this document are summarised in Table 1.

Technologies chosen for Matching Instrument Requirements.

10Boron thin film gaseous detectors. One possible replacement for 3He for neutron detection is the boron
isotope 10B. 10B has a relatively high neutron absorption cross section, resulting in an absorption e�ciency
of 70% compared to 3He, at a neutron wavelength of 1.8 Å. Naturally occurring boron contains 20% of 10B,
but due to the almost 10% mass di↵erence to the other boron isotope, 11B, the isotope separation is relatively
easy. Such a detector will typically contain Aluminium sheets that are coated with 10B4C (Boron Carbide)
layers where 10B absorbs the incident neutrons. The nuclear reaction results in Lithium and Helium ions. Both
the 7Li and 4He ions can be detected, with both temporal and spatial resolutions, in a detecting gas. Due
to a reduced escape probability for the reaction particles with increasing depth of the events (typically a few
microns), a detector, on which the neutrons impinge at normal incidence, will be based on a number of thin
(1 µm) consecutive conversion layers, coated with thin 10B-containing films, to be traversed by the neutrons
(typically ca. 30). To overcome the reduction in escape probability with depth, it is also possible to incline
the layers at high angles to increase the e↵ective interaction length, whilst not adversely a↵ecting the escape
e�ciency. This has an additional benefit in potentially improving the position resolution. It does however
complicate the design of such a detector; such a configuration is termed an “inclined geometry” detector.

The potential of Boron thin film gaseous detectors is evidenced by the number of presently ongoing e↵orts:
There are presently more than 10 ongoing R+D e↵orts, equally directed towards designs with “normal” ge-
ometry, and “inclined” geometry configurations. The discussion below will concentrate on three illustrative

5

7

For almost all instrument classes, 
detectors are a limitation on 

performance

•Comment: seems to be some naivety at the 
moment as stocks are being emptied rapidly
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(... but no BF3 detectors for ESS ... safety !!)

new: plus PSI

ESS in-house will concentrate on B-10 detectors
Rely on others for Helium-3, Scintillator detectors
ESS will need all 3 detector technologies for the suite as a whole

Context

ESS cannot cover all technologies 

Learn	
  the	
  lessons	
  from	
  
other	
  facili<es
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The Detector Challenge:  Synchrotrons

1900                       
1960        1980           2000

PETRA-3

Second generation

First generation

X-ray
tubes

ESRF (2000)

ESRF (1994) Synchrotron Sources

br
ill
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nc

e

•Last 5 years, they have got their 
act together and started:
•a) Collaborating with other 
disciplines
•b) Collaborate with each 
other
•c) Started to put big money 
into detectors

There is a rate challenge for 
neutrons at ESS

NEUTRONS@ESS: 
RATE IS AS BIG A 

PROBLEM AS 
HELIUM-3 

AVAILABILITY
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Helium-­‐3	
  Update

10
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3He	
  Supply	
  Forecast

11

ØCurrent intent for U.S. 3He supply
§About 10k liter/year allocation for government use  
§About 4k liter/year for auction
§About 10k liters added annually (diminishing)
§Supply is gone in ~2024

ØDOE is relying on industry to develop new supply

Plot From Jehanne Gillo, DOE Office of Nuclear Physics, Dec 2012 

Update from R. Kouzes, “End of He-3 As We Known It”, IEEE NSS 2013 

bar-litres
stockpile

releases

*** this is what we can bid for ***
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Detector	
  Requirements	
  and	
  Strategy

12
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Simply	
  put:	
  

“get	
  it	
  done”	
  (x22++)
“get	
  it	
  done	
  well”
Keep’em	
  working	
  

build	
  a	
  technology	
  and	
  service	
  	
  
group	
  and	
  facili<es	
  capable	
  of	
  

doing	
  this

13
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Scope:	
  Detector	
  Requirements	
  for	
  Instruments

14
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users. These factors puts 3He out of scope for any future request, for large and medium area neutron
detectors.

This dilemma was recognised by the neutron research community in 2009, and led to the formation of
the International Collaboration for the Development of Neutron Detectors, ICND [?], to investigate and
develop alternatives for large area detectors. In particular, three Joint Research Activity (JRA) working
groups were formed: on Scintillator detectors, 10B thin film gaseous detectors and BF3 gaseous detectors.

In the discussion below, extant technologies such as image plates and scintillator/ccd imagers are not
mentioned; whilst they are well proven technologies, and readily available, they have poor time resolution.
As such they are not appropriate primary detectors for ESS flagship instruments and are not considered
further here.

Detector Requirements for the Instruments. The estimated detector requirements from the 22
reference neutron scattering instruments outlined in this document are summarised in Table 2.5.

Instrument Detector Wavelength Time Resolution
Area Range Resolution
[m2] [Å] [µs] [mm]

Multi-Purpose Imaging 0.5 1-20 1 0.001 - 0.5
General Purpose Polarised SANS 5 4-20 100 10
Broad-Band Small Sample SANS 14 2-20 100 1
Surface Scattering 5 4-20 100 10
Horizontal Reflectometer 0.5 5-30 100 1
Vertical Reflectometer 0.5 5-30 100 1
Thermal Powder Di�ractometer 20 0.6-6 <10 2x2
Bi-Spectral Powder Di�ractometer 20 0.8-10 <10 2.5x2.5
Pulsed Monochromatic Powder Di�ractometer 4 0.6-5 <100 2 x 5
Material Science & Engineering Di�ractometer 10 0.5-5 10 2
Extreme Conditions Instrument 10 1-10 <10 3x5
Single Crystal Magnetism Di�ractometer 6 0.8-10 100 2.5x2.5
Macromolecular Di�ractometer 1 1.5-3.3 1000 0.2
Cold Chopper Spectrometer 80 1 -20 10 10
Bi-Spectral Chopper Spectrometer 50 0.8-20 10 10
Thermal Chopper Spectrometer 50 0.6-4 10 10
Cold Crystal-Analyser Spectrometer 1 2-8 <10 5-10
Vibrational Spectroscopy 1 0.4-5 <10 10
Backscattering Spectrometer 0.3 2-8 <10 10
High-Resolution Spin Echo 0.3 4-25 100 10
Wide-Angle Spin Echo 3 2-15 100 10
Fundamental & Particle Physics 0.5 5-30 1 0.1

Total 282.6

Table 2.5: Estimated detector requirements for the 22 reference instruments in terms of detector area,
typical wavelength range of measurements and desired spatial and time resolution.

Technologies chosen for Matching Instrument Requirements.

10Boron thin film gaseous detectors. One possible replacement for 3He for neutron detection is the
boron isotope 10B. 10B has a relatively high neutron absorption cross section, resulting in an absorption
e⌅ciency of 70% compared to 3He, at a neutron wavelength of 1.8 Å. Naturally occurring Boron contains
20% of 10B, and due to the almost 10% mass di�erence to the other boron isotope, 11B, the isotope
separation is relatively easy. A detector based on 10B absorption of the incident neutrons will typically
contain Aluminium sheets that are coated with 10B4C (Boron Carbide) layers. The nuclear reaction
results in Lithium and Helium ions. Both the 7Li and 4He ions can be detected, with both temporal and

•Specifications 
very varied

•Typically superior 
to what is presently  
state-of-the-art at 
existing sources

•In many cases, 
instrument 
performance 
dominated by S:B 
rather than raw 
specifications here

COST!
RATE!

•Updated soon with proposed instrument concepts submitted in this proposal round
14Wednesday, June 4, 14
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for reflectometry.
The detector requirements can be expressed by specific features and defined as follows:

• Detector area: is the detector active area where it is sensitive to neutrons.

• Spatial Resolution: is the ability to distinguish between two events as a function of
the distance they hit the detector. Some events at a certain position on the detector
will generate a continuous distribution in space. A widely used criterion is to define the
spatial resolution as the FWHM of a distribution of those events. A FWHM is (in the
gaussian case) the 88% of probability to identify correctly an event belonging to the right
distribution.

• Global Rate: is the total counting rate the whole detector is exposed to.

• Local Rate: is the rate, defined over an area of a mm2 or a cm2, that the detector should
handle. The local rates for detectors employed in reflectometry are usually given per tube,
in the case of 3He detectors, or for a strip because one direction is generally integrated
over. For simplicity we normalize the local rates to a mm2.

Both global and local rates are shown in Table 1. Both rates are reported for the peak flux
within the neutron wavelength range from about 2Å and 15Å. For ESTIA the peak flux is at
5Å, for FREIA is about at 3.5Å. The reported rates are for direct beam intensities, which
need to be measured ideally on the detector for rigorous normalisation. The reflected rates are
up to 6 orders of magnitude lower than this. Direct beam measurements can performed up to an
extent by using an attenuator, but this needs to be wavelength independent and has limitations
on the maximum achievable attenuation (3-4 orders of magnitude).
The count rate as a function of the time-of-flight for FREIA [3] is shown in Figure 1. The peak
rate at sample is about 1.5 · 105Hz/mm2 and the time-averaged over the pulse length (64ms) is
about 5.5·104Hz/mm2. Note that these temporal rate variations are not fully represented in the
definitions of rate given above, due to the complexity of the e↵ects, which are highly dependent
upon detailed aspects of the detector design. A more generic definition is being worked upon.

Figure 1: The neutron pulse intensity as a function of the time-of-flight (left) and the corresponding neutron
wavelength as a function of time (right) [3].

3

Instrument area �x �y global rate local rate
(mm⇥mm) (mm) (mm) (s�1) (s�1

mm

�2)

ESTIA [2] min 500⇥ 170  2 � 2 - -
ideal 500⇥ 500  0.5 � 0.5 ⇠ 107 3 · 104

FREIA [3] min 500⇥ 500 8 1 - -
ideal 500⇥ 500  8  1 ⇠ 5 · 105 ⇠ 3.5 · 103

THOR [4] min 500⇥ 500 2 - - -
ideal 500⇥ 500  2 - - -

VERITAS [5] min 500⇥ 500 2 2 - -
ideal 500⇥ 500  2  2 5 · 105 5 · 102

Table 1: Detector requirements, for both ideal-world and minimal requirements, in terms of detector active area,
spatial resolution, global and local rates for reflectometer proposals at ESS.

In addition to the features listed in Table 1, the uniformity of the detector and ageing are
important characteristics to be taken into account. The uniformity variation along the detector
surface should not exceed 1% according to [2]. By considering the wide dynamic range in
neutron counting, the detector is exposed to, adjacent pixels can receive a widely di↵erent flux
in the same measurement that can vary more than six orders of magnitude. In these conditions
ageing can be an important issue that degrades the detector uniformity. These non-functional
requirements are also very important, however they are not discussed further in this strategy
paper.
Background (background neutrons and �-rays) suppression is also an important feature the
detector should compromise with respect to the e�ciency. A suitable detector shielding should
prevent the detector from counting background neutrons from the environment. Depending on
the �-ray background on the instrument, a detector should provide a �-ray rejection down to
10�7.
The range of neutron wavelength range interesting for reflectometry is from about 1 Å and 30 Å.
Reasonable detector e�ciency of the detector is required in this range. The distance between
the sample and the detector is on average 2m but it can vary from 1m up to 8m for specific
applications. The size of the pixel, in one direction only, should match the angular resolution
of the instrument. This, in terms of spatial resolution on the detector area, is of the order of
1mm.
For its specific scientific case ESTIA [2] needs the best spatial resolution with respect the other
proposals, the goal is to achieve 0.5mm. High uniformity (e�ciency variations below 1%) along
the detector surface is also a strong requirement for ESTIA as well as a long stability in time.
A wide dynamic range is a requirement for all the proposed concepts: regions of the detector
should be able to measure fluxes of the order of 108Hz and simultaneously other sectors must
measure down to about 1Hz.

In addition to the requirements listed above, there is also a need for small area beam monitors
capable of continuously measuring the direct beam in order to detect source variations. It is
likely that 2 or 3 monitors with di↵erent e�ciencies are needed to cover di↵erent measurements.
Developments are foreseen, but are not strictly connected to the main detectors which are
essential to the listed proposals but also also a common requirement of all instrument proposals
at ESS.

4

Example	
  of	
  Challenges:	
  Rates	
  for	
  Reflectometry
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Detectors for Instrument Class “Generic R+D”

Prototype

Improved Design

Instrument 
Scientist

Detector Group

Specifications
Wish-list

Iterate as necessary

In-house or
In-Kind or

Sub-contract or 
Collaboration

Principle:	
  no	
  prototypes	
  installed	
  in	
  ESS

Prototype 2

Detectors for Particular Instrument

Prototype 1

Improved Design

In-house or
In-Kind or

Sub-contract or 
Collaboration

Instrument 
Scientist

Detector Group

Instrument Design Construction
Approval

Detector 
Specifications

Detector Group

evaluate

Instrument 
Scientist

Instrument 
Scientist

Instrument 
Scientist

Build Detector

In-house or
In-Kind or

Sub-contract or 
Collaboration

Instrument 
Scientist

Install Detector

Instrument 
Scientist

Commission, 
maintain

The	
  division	
  between	
  instrument	
  projects	
  
and	
  detector	
  systems	
  is	
  cope	
  with	
  
development	
  <me	
  >	
  construc<on	
  	
  
All	
  synerge<c	
  developments	
  done	
  within	
  
detector	
  systems	
  for	
  instrument	
  classes:
lower	
  the	
  entry	
  barrier	
  for	
  later	
  instruments

Aim:	
  lowest	
  global	
  cost	
  for	
  ESS	
  from	
  
detectors,	
  highest	
  performant	
  detectors	
  

for	
  instruments

detector	
  systems

detector	
  systems

Added	
  value	
  to	
  the	
  instrument	
  
projects	
  through	
  support	
  and	
  
exper<se

Specialise

All	
  ac<vi<es	
  collabora<ve
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Group	
  Strategy

17

•Developments to enhance costs, ensure maturity and quality
•“No prototypes installed in ESS”
•Standards developed to evaluate detectors
•Sufficient expertise to be able to engage with in-kind
•Speculative R+D through grants

•In terms of detector technology choices - specialise:
•B-10 detector effort led from ESS in-house efforts with in-kind partners. ESS as a centre 
of excellence for the community to support developments where needed
•All scintillator detectors, He-3 detectors, supplied by collaborating with in-kind partners
•No BF3 detectors due to safety and performance issues

•Detector construction will be a primarily distributed effort, with many partners
•Development of support workshop facilities in Lund to ensure that detector development is 
a efficient and cheap as possible, to support in-kind, and to ensure that detector group 
builds capacity to be ready for installation, and transmission to commissioning and 
operations

17Wednesday, June 4, 14



The	
  ESS	
  Detector	
  Group

18
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Organisa<on	
  -­‐	
  Detector	
  Group	
  June	
  14
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ESS

ILL

IFE

Linkoping

CERN Lund U, LTH, MAXlab

18

JUILLET 2011 ILL - Bulletin d’infos

And it works! Signs of success for a 
new boron-layer detector
A prototype boron-layer detector has been undergoing initial testing with an AmBe source in the 
SDN lab. It has a detection surface of 8cm x 200cm and  the neutrons are captured by 30 layers 
of 10B4C, each a micron thick. 
The energizing signal produced by the capture is amplified by proportional counters, and these also supply 
one of the position coordinates. The other coordinate is provided by reading the signal in the segmented 
cathode. We have baptised the detector a "multi-grid detector"  and it was patented in 2010. 
The prototype has yielded encouraging results in terms of measurement efficiency and this has raised 
hopes for the next phase, the production of a module similar in size to those on IN5, vacuum-compatible. 
The technique has been developed in collaboration with the ESS and is destined to replace current 3He-
based technology. 

     Bruno Guérard

Ca marche ! Premier succès du prototype de 
détecteur à couches de bore
Le prototype de détecteur à couches de Bore a été testé avec succès au laboratoire du SDN, 
durant les premiers tests avec une source américium-beryllium(AmBe). 

La surface de détection est de 8 cm x 200 cm; la capture des neutrons est assurée par 30 couches de 
10B4C, d'épaisseur 1 micron chacune; le signal de charge produit par cette capture est amplifié par des 
compteurs proportionnels, qui fournissent en même temps l'une des coordonnées de position; l'autre coor-
donnée est donnée par la lecture de la cathode segmentée. Le principe de ce détecteur appelé Multi-grille 
a été breveté en 2010. 
Les bons résultats obtenus avec ce prototype en mesure d'efficacité permettent d'envisager avec une 
certaine confiance la phase suivante, qui consiste à produire un module de même taille que ceux d'IN5, 
compatible avec le vide. Cette technique développée en collaboration avec ESS a pour but de remplacer la 
technique actuelle à base d'3He. 

From left to right: Jean-
Claude Buffet, Francesco 
Piscitelli, Jonathan Cor-

rea of the ILL, and Anton 
Khaplanov from ESS.

De gauche à droite: Jean-
Claude Buffet, Francesco 

Piscitelli, Jonathan Correa 
from the ILL, and Anton 

Khaplanov from ESS

Large Prototype ‘2’ for Boron-10 Thin 
Films Detectors
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Results shown at ECNS (poster and talk) ... and ... 
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Carina Höglund
Linda Robinson (sep)

Mewlude Imam*

A novel SANS detector geometry!
!

K.Kanaki1, J.Birch2, R.Hall-Wilton1, C.Höglund1,2, L.Hultman2, A.Jackson1, O.Kirstein1, T.Kittelmann1, S.Kolya1, F.Piscitelli3!
1European Spallation Source ESS AB, Sweden, 2University of Linköping, Sweden, 3Institut Laue-Langevin, France!

europeanspallationsource.se, Kalliopi.Kanaki@esss.se!

References!
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2.  C. Höglund et al., Journal of Applied Physics 111, 104908 (2012)!
3.  F. Piscitelli and P. van Esch, Journal of Instrumentation, Vol. 8, P04020 (2013)!
4.  K. Kanaki et al., Journal of Applied Crystallography, Vol. 46, 4, to be printed in August 2013 issue!
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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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Results shown at ECNS (poster and talk) ... and ... 
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H +44 7413269259

B xxcai1@uclan.ac.uk

Personal details
Nationality Chinese Status Single

Date of Birth 15/06/1984 Residence England

PhD thesis
Title Characterizing the influence of neutron fields in causing single-event e�ects using

portable detectors
Supervisors Dr Simon S. Platt, Professor Djamel Ait-Boudaoud, Mr Bryan Cassels

Publications [1–6]
Description Neutron is the main cause of single-event e✓ects (SEE) in the atmosphere. Such e✓ects may

lead to electronic system failure. The most accurate way, but also the most expensive way,
to measure the failure rate of a system in the atmosphere is to undertake life testings in a
natural environment. As such experiments are very time consuming, experiments are usually
undertaken in spallation white neutron beam lines to accelerate event rate. There are two
main objectives in this research. The first one is to develop neutron detectors to monitor
high energy neutron fluence pass through sample devices. The second one is to compare the
e✓ectiveness of the cosmic neutron field and seven high energy neutron beam lines in causing
SEE. At the beginning of my PhD, our research group has measured the response of a CCD
imager to the natural cosmic ray field in a high altitude laboratory, and attempted to compare
it with the response that measured in accelerated neutron beams [1]. However, about half of
the measured events in the natural environment were caused by some unexpected and unclear
mechanisms. After modelling and analysis, I successfully identified those mechanisms [4].
Knowledge acquired in [4] contributed to benchmark a new spallation neutron beam line in
the TSL (The Svedberg Laboratory), Sweden [3]. Later, a more accurate model of neutron and
CCD interactions has been published [5]. In collaboration with the Lancaster University, an
alternative gaseous detector with better performance for natural cosmic ray field measurements
has been proposed [6].

Education
2006–2010 PhD, University of Central Lancashire.
2003–2006 BEng, University of Central Lancashire, Digital communication, upper second class.

Joint course. First two years in Bejing Institute of Technology, China. Final year in University
of Central Lancashire.
I won the “Younger Members’ Short Presentations Evening, 2006” organized by the IEE
Lancashire and Cumbria Branch. Please see the last page of this file for details.
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First name(s) / Surname(s)  LUIS ALBERTO ORTEGA SALAZAR  
Address (Spain) FORUA 10 2A, 48450 ETXEBARRI (BILBAO) 

Address (Sweden) BLÅVINGEVAGEN 44, SE 247-35, SODRA 
SANDBY 

Telephone(s) Mobile Spain: +34 619 980 196 

 Mobile Sweden: + 46 72 573 69 06 

E-mail(s) luis.alberto.orsa@gmail.com 

LinkedIn Luis Alberto Ortega Salazar 

Nationality Spanish  

Date of birth 21/06/1982 

Gender Male  
  

Work experience  
  

Dates 

Occupation or position held 

Main activities and responsabilites 
 

 
 

 
 

Dates 

21/05/2013 ! 

CONSULTANT “PLANNIFICATION & PRODUCTION DEVELOPMENT” 

DEVELOPMENT OF INDUSTRIAL PROJECT FOR BORON-10 IN-HOUSE PRODUCTION 
SEARCH OF STRATEGIC SUPPLIERS 
NEGOTIATION WITH SUPPLIERS 
TECHNICAL SUPPORT IN PUBLIC PROCUREMENT PROCESS 
BUDGETING AND PLANNIFICATION 

 

20/11/2012 – 20/05/2013 

Occupation or position held INTERNSHIP ON BUSINESS DEVELOPMENT & INTELLECTUAL PROPERTY 

Main activities and responsibilities DEVELOPMENT OF BUSINESS PLANS 
DEVELOPMENT OF INDUSTRIAL MODELS 
NEGOTIATIONS WITH PRIVATE & PUBLIC INVESTORS 
DEVELOPMENT OF BUSINESS STRATEGY GUIDELINES FOR INTELLECTUAL PROPERTY 

Name and address of employer EUROPEAN SPALLATION SOURCE ESS AB 
Tunavägen 24 223 63 Lund Sweden,  

Type of business or sector Neutron Scattering Resarch 
  

  

Dates 16/07/2012 - 31/10/2012  

Occupation or position held SALES EXECUTIVE 

Main activities and responsibilities PROJECT QUOTATIONS 
SALES & COMMERCIAL RELATIONS 
DEVELOPMENT OF NEW PAYMENT COLLECTION POLICY 
AFTER SALES SERVICE 

Name and address of employer GEOSIDER SA 

Type of business or sector PUBLIC WORKS SUPPLIER 
 
 

  

RED colour: ESS persons
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Yashika 
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2014	
  -­‐	
  Labs	
  -­‐	
  “Real	
  things”

20

High	
  quality	
  facili<es	
  a	
  priority	
  (reminder:	
  green	
  field)
Synergies	
  between	
  groups

Detector&Lab&(Kelly&et&al.)'

Currently'in'Mhus'bld'next'to'MaxLab'south'Hall.'Access'tricky!!'
Likely'to'move'to'LU'Physics'–'more'space,'direct'access'to'sources.'
Needs'to'be'somewhere'where'detectors'can'be'built'and'tested.'More'space'needed??'

5'

Joint'Mechanical'Workshop'(Embla)'

6'

600'Sqm'

'Lots'of'nice'machines'for'general'purpose'fabrica2on'
Status of
R2D2

Xiao Xiao Cai,
Isabel

Jansa-Llamas

Introduction

The plan
Floor
Tuning table
Mounting rail

Components
Shutter
Collimator
Monochromator
He-3 detectors
Camera
Rack
Scalers
Blade holder
Digitizers
Oscilloscope
Computers

The testing beam line at channel 6

The softest beam available from the JEEP II reactor. Ge
monochromator. Flux of the 511 peak is 1.046⇥ 105 s−1 cm−2

±2.446%. 1

1gold foil measurement without any collimator at the end of 2012. see
elog.

2 / 26

•Beamline 
at IFE

•Sources at 
Maxlab/
Lund U

Detector Lab at Maxlab

Joint Neutron Technology Mechanical Lab

Joint Electronics Labs with BI, ICS, EE

20Wednesday, June 4, 14



Coa<ng	
  Facility	
  in	
  Linkoping
Turnkey	
  Handover:	
  July

21

Linköping&Coa;ng&Facility&(Luis/Carina)&

Special'purpose'facility'for'
coa2ng'with'thin'films,'in'
par2cular'Boron\10.'
'
Will'be'operated'by'a'
dedicated'team.'
'
Not'a'facility'that’s'likely'
to'be'useful'for'more'
generalised'ac2vi2es.'

'

0

1250

2500

3750

5000

2011 2012 2013 2014 2015 2016

Cost of B4C Coatings

Target: 
Pre-2009 
price He-3 
detectors

Capacity: >1000m^2/year
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Developments	
  and	
  Standards

22
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“No	
  Prototypes	
  installed	
  in	
  ESS”:	
  
ensuring	
  quality

23

Formally monitor development and availability as part  of the strategy
This is addition with quality/requirement matching and cost

Develop Measurement Standards
Numbers quoted can be “economical with the truth”
Between neutron sources defines requirements are not defined in the same way
We will write down draft standards, open for critique by Autumn 2014

Prototype development also too long for instrument schedule 
(10 years from start to on beam)
Divide the technological developments out to support classes of instruments

Everything fully prototyped and demonstrated BEFORE constructed and installed for ESS

23Wednesday, June 4, 14



“No	
  Prototypes	
  installed	
  in	
  ESS”:	
  
ensuring	
  quality

24

Cost

AvailabilityTechnology 
Readiness

Performance/
Quality/
Reliability

Detector
Technology
Evaluation

Formalise the approach

•Availability in supply or 
capacity a key issue 
•Helium-3 is an obvious issue
•Collaborators/Suppliers have 
limited capacity ... 
•.Designs developed may be 
“lost”

•Standards
•Close Collaboration
•inc. background, lifetime, 
maintainance costs, etc

24Wednesday, June 4, 14
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IN6, He3
B10, 30 layers, 1um

•Helium-3 is the gold standard, in 
particular in terms of detection 
efficiency
•However, efficiency numbers have 
rarely compared like-with-like

•Arrow indicate effect of dead regions into 
account with He-3 tubes
•Alternate technologies starting to approach raw 
efficiency numbers
•There is a need to compare like-with-like for the 
detailed instrument operating conditions
•Gamma rejection is a similar issue

calculation, no dead 
areas taken into account

compare like-with-like

Quality and Standards:Detection Efficiency

Standards	
  defini<on	
  key	
  part	
  of	
  ensuring	
  best	
  cost/quality	
  detectors
Especially	
  necessary	
  with	
  commercial	
  suppliers,	
  to	
  define	
  what	
  we	
  want	
  measured 25

vs “boundary conditions matter”

cartoon:

25Wednesday, June 4, 14



800 850 900 950 1000 1050 1100 1150 1200
10

−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

Voltage

E
ff
ic

ie
n
cy

1200 1300 1400 1500 1600 1700 1800
10

−9

10
−8

10
−7

10
−6

10
−5

10
−4

10
−3

10
−2

Voltage
E

ff
ic

ie
n
cy

Figure 8: Plateau measurement with the Multi-Grid 10B detector (left) and a Multi-Tube 3He de-
tector (right) with a strong 137Cs source.

main uncertainty is in the flux of g-rays incident on the detector. In addition to the uncertainty in
the solid angle of the detector in the field of view of the source, the exact position and extent of the
source within its cylindrical encapsulation were not known. These parameters are constant for all
points in each plot and represent an uncertainty in the overall scale of the curves, that we estimate
to be not higher than factor 2.

Results in figures 7 and 8 show that, as expected, the nature of the neutron converter does
not influence the response to g-rays. For both detectors, a sensitivity on the order of 10�9 per
tube is found for the 137Cs source for reasonable operation settings. Both detectors would have an
efficiency on the order of 1% (over the whole detector) if they were to be operated as g detectors.

5.3 In-beam Measurement

A new version of the Multi-Grid detector has been built in a configuration that can be mounted
in the IN6 time-of-flight chopper spectrometer at the ILL. This detector contains 96 frames in 6
assemblies of 16 frames, resulting in an active area of 0.15m2. The detector replaces 25 3He tubes
of the standard compliment of IN6.

The main goal of the tests on IN6 has been the characterization of neutron detection side-
by-side with conventional 3He detectors, and these results will be presented elsewhere. For our
purpose here, it is interesting to note that in a chopper spectrometer, neutrons arriving at the detector
show a time structure. Those scattered elastically in the sample form a distinct peak in the time
spectrum, while those scattered inelastically arrive earlier or later than the elastic peak (depending
on the energy transfer to or from the neutron). In particular, it is possible to chose a sample which
will only create an elastic signal with essentially no neutrons arriving at other times.

As already alluded to in the introduction, a large g-ray background is generated by the instru-
ment itself as well as the surrounding equipment. The background originating in the instrument
also shows a time structure. When the chopper is open, a neutron pulse starts traversing the fol-
lowing beam line elements. There are collimators, sample environment and sample and finally a

– 12 –

Quality and Standards: Gamma Sensitivity

Quote gamma sensitivity at same working point as detection efficiency

arXiv:1306.6247
A. Khaplanov et al, J Inst 8 (2013) 10025

Working	
  on	
  standards	
  defini<on	
  for	
  other	
  backgrounds	
  and	
  beam	
  monitors
26
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Collabora<ons

27

CMS
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Mul<grid	
  Design:	
  ILL/ESS/LiU	
  Collabora<on

•This year: produce an IN5 equivalent 
module with the ILL Multigrid design
•Collaboration: ILL/LiU/ESS
•Detailed overview from Mathieu’s talk
•>70m^2 B-10 coating
•IN6 demonstrator results showed that 
performance roughly equivalent to 
Helium-3

•NB started ca. 2009: if this is used on a 
tranche 1 ESS instrument, it is a 10 year 
development to beam cycle

28

Full scale unit for IN5: 3x0.8m

28Wednesday, June 4, 14



10B4C thin film Multi-Grid detectors

The goal of the CRISP / WP15 work package is to show that the Multi-Grid 
concept + B4C thin film converters is an alternative to 3He for large area detectors

Participants: ESS, ILL, LiU

96 Grids and 60 wires readout 
individually

Single column prototype
200 cm x 8 cm

• 50% efficiency measured @2.5 Å
•B4C coating process validated
• Film characterization
• Simulation of the detector
• Centre Of Gravity localization in Y
• Gamma sensitivity measured
• Ar-CO2 & CF4 tested at [0.2 - 1] Bar

What has been achieved since then Where we want to be next yearWhere we were last year

IN6 prototype
32 cm x 50 cm

• 96 grids and 360 wires
• Grids of same Y connected by 3 à 
32 channels
• Wires Xn & Xn+1 connected with 
resistors à 24 channels

• Measurements on IN6
• Background observed, solved
• back scattering measured
• Electronics validated
• Demonstrator in fabrication

demonstrator
300 cm x 80 cm

1024 grids/ 512 wires
• 256 x (4Grids) cath channels
• Wires Xn & Xn+1 connected with 
resistors à 32 channels

• Pressure vessel tested
• Mass production of B4C (70 
m2 !) and detector components
• real detector operational

(slide from B. Guerard)

29Wednesday, June 4, 14



Mul<grid	
  Design:	
  IN6	
  Demonstrator

30
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standard Al
improvement, all 12 frames
improvement, middle 6 frames

•Efficiency - OK
•Data - OK
•Scattering - OK
•Gamma rej - OK
•t resolution - OK
•x,y resolution - OK

YGarnet(@4.1(Å( Si(@4.6(Å(

Ra#o%of%integrated%rates%in(Bragg(peaks(:(
7(4.1(Å(:(rate(10B)(/(rate(3He)(=(1.08(
7(4.6(Å(:(rate(10B)(/(rate(3He)(=(0.97(

Since Feb:
background 
improved by factor 
100

•background from alpha’s in Al seen
•Plating or ultrapure Al solves it: now ok

•Performance basically matches Helium-3
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Mul<grid	
  Design:	
  IN5	
  Demonstrator
Mass	
  produc<on	
  possible?

31

•Full IN5-like module (3x0.8m)
•To be completed by Sep’14
•Status as of today:
•Coatings complete 
•104m^2
•All other items on track

31Wednesday, June 4, 14



Mood	
  Message	
  for	
  the	
  R+D	
  so	
  far	
  ...	
  

32

from	
  here	
  in	
  2010	
  ...	
  

to	
  here	
  in	
  2014...	
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Collabora<ons	
  for	
  Construc<on	
  Phase

33

Challenge: select collaborative partners to build performant detectors
Instrument construction started for first 3 instruments

33Wednesday, June 4, 14



Collabora<ons	
  for	
  the	
  Construc<on	
  Phase

34

In-Kind, Design Update In-Kind, Construction Phase (so far ...)

Commercial Partners

Collaborative Partners

Need partners to build detectors

Remember: front weighted

Working with many commercial partners

Focus no longer on R+D but rather on advanced stage development and building 
detectors for instruments

In-kind will be competitive: oversubscribed by factor 2++

34Wednesday, June 4, 14



Collabora<ons	
  for	
  Construc<on	
  Phase

35

What is in-kind?
•In-Kind is a non-cash contribution to the ESS project
•Needs to be identified by ESS as useful for the ESS construction project
•Value will be identified by the ESS cost book and reviewed by the independent in-kind review 
panel 
•This is not about sucking present resources from your present budgets, but rather opening 
up new resources (manpower, costs) for yourselves to do the scope of the work

•In-kind can be detector systems, detector parts (mechanics, electronics, etc), personal 
secondments or a particular study / tool
•In-kind can be from research institutes, universities, or industry (country dependent)
•From a partner country

•How does it work?
•We start a dialogue with a partner. 
•If we can identify useful contribution(s) that fit both ESS needs and your capability, we start 
to draft it
•This gets reviewed by ESS and by your country contacts
•In-kind review committee reviews it 
•The ESS detector group works in partnership to help you deliver this contribution
•You are funded through your national funding partner. 
•In-kind credit is given on agreed deliverables and milestones
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From#ConstrucQon#to#OperaQons#

6#

•  14#proposals#were#evaluated#in#May#
•  RecommendaQon#of#evaluated#
######instruments#for#entering#phase#1#in#
######2015#will#follow#

•We need in-kind partners
•Remember: 70% of detector 
construction cost will be in-kind
•ie ESS will build a small 
fraction of detectors ourselves
•You will do most of the build, 
we will enable as needed

•We need specialists not generalists
36Wednesday, June 4, 14
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
2013-4 Proposal Round

Conceptual Design Work
Instrument Submission

2013-4 Proposal Selection
Instrument Decision

Instrument Construction

Phase 1: Conceptual Design
Tollgate 2

Phase 2: Detailed Design
Tollgate 3

Construction
Installation

Commissioning
Ready For Hot Commissing

Detector

Multi-Grid Development

Proof of Concept
Prototype 2

Report
Design Optimisation

IN6 Demonstrator
IN5 Demonstrator

Performance and Costing Report
Optimisation for Bispectral Instrument

Design for ESS Instrument
Report

Technology Demonstrator
Ready for Deployment

Detector Construction

Final Design Verification
In-Kind Contracts

Coatings
Mechanics
Assembly
Testing

Final Electronics Design
Electronics Production

Electronics Testing
Detector Integration and Calibration

Installation and Commissioning
Detector Ready For Neutrons

Figure 11: Simplified schedule for a hypothetical tranche 1 bispectral direct spectroscopy instrument at ESS - a
”day one” instrument - and in particular the timeline for the detector development and technology choices for this
instrument. The top part of the schedule shows the design update phase of the instrument and the instrument
construction timeline for this instrument, assuming that it is chosen in this proposal round. The bottom part of
the schedule shows how the timing of the detector development and the necessary prototyping stages fit in with
the detector construction for this instrument. The MultiGrid design is taken here as representative of the various
developments underway.

12

•You saw a timeline for SANS (Loki) 
from Kelly yesterday
•Here is the equivalent for a thermal 
chopper spectrometer: “aggressive”
•We will be very focused on the first 
tranche of instruments that get 
accepted: “early success”

•Developments will be central: 
technologies which are ready and 
proven will be chosen
•Narrowing down the list of choices for 
the tranche 1 instruments
•2019 is tomorrow: it means that any 
detectors built for then are well 
progressed with developments now

•We benefit and rely from the depth of 
expertise across our European 
partners: vast majority of work will be 
collaborative 
•ESS will NOT be doing a large 
number of developments alone

“just in time”
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HOW DID IT START? 
Research on radiation detectors is truly multidisciplinary and does 
not fit into any call of the framework programmes of the European 
Union 
 
There are several common challenges in detector development but 
the different communities tend to work on their own. 
 
Each community is too small to influence the policies of the 
European Commission and the national funding agencies 
 
There is strong tension between different organisations and different 
organisation networks. 
 
 

slides from Christer Frojdh
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THE IDEA 
Create a bottom-up network with leading scientists in the field of 
radiation detection and imaging to exchange information between 
different application areas and to promote research in relevant fields 
at the European Commission and national funding agencies. 

•individual based, not institute
•academia and industry
•will not run projects, nor administrate funding 

slides from Christer Frojdh
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ERDIT MISSION STATEMENT 
The mission of the European Radiation Detection and Imaging 
Technology Platform is to promote the research on radiation detectors 
and imaging at European level. The aim of this platform is to 
synergistically implement a common strategy across research 
infrastructures involving research laboratories, academy and industry, 
which would benefit fundamental science, promote innovation in 
industry and would feed into the crucial European societal challenges. 
This would be implemented through a process of guidance, 
prioritization and promotion of research, innovation and education with 
respects to fundamental science principles and contemporary benefit 
to society and growth of global competitiveness of European industries  

http://erdit.eu

slides from Christer Frojdh
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Summary
•Huge progress from the community as a whole for solving the Helium-3 
crisis
•Very significant challenges still ahead for detectors ... 
•Instrument construction started ... 

•We are just about ready for it for detectors ... 
•Core of detector group and facilities exists ... 
•Looking forward to facing the challenge together ... 

•We need to utilise the considerable expertise that exists across Europe
•Challenge is only achievable using in-kind

•Level of parallism needed for detector construction is suited to in-kind 
model
•In-kind partnerships needed to complete bring the range of 
developments needed  to the point that they can be installed on 
instruments
•In-kind is about opening up extra resources for yourselves for 
synergetic benefit
•Need to build up centres of excellence in Europe rather than a large 
numbers of all-rounders

•Single take-away message:  the ESS project needs extensive 
collaboration and partnership on detectors for success
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Simulation

•GEANT4 is essential for detailed design of all 
these detectors
•Have a common framework for ourselves, 
centred around DMSC
•Primarily aimed at Boron-10 detectors initially

Thomas Kittelmann1, Irina Stefanescu2, Kalliopi Kanaki1,
Richard Hall-Wilton1, Karl Zeitelhack2

1: European Spallation Source ESS AB
2: FRM2, Technische Universität München

Geant4 Based Simulations for Novel Neutron Detector Development

eKin <1eV

7Li+

�+

n + 10B � �+ + 7Li+ (+�)
10B rich coating

Counting gas

Substrate/cathode
(aluminium)

(B4C, few micron thick)

(with anode wires)

Custom multi-user coding framework
� Primary languages C++/python (with boost-python bindings).
� SW kept in interdependant logical units ("packages"), providing libraries, 
applications, scripts, python modules, etc.
� Con�guration based on CMake.
� Optionally use one single command to (re)con�gure and build on demand.
� No need to "install everything and the kitchen sink" in order to access a few 
speci�c features: Gracefully and automatically disable relevant packages in case of 
missing external dependencies such as ROOT, Geant4, OpenSceneGraph, HDF5,etc.
� Integrated unit testing.
� Supported platforms: Linux, OSX, GCC, LLVM/Clang, 32bit, 64bit.
� Main branch kept in Mercurial repository at ESS/DMSC
Geant4 framework 
� Users supply geometry and generator modules, written in C++, loaded via python
� Parameters (including for materials) can be set and queried in python or from the 
command-line, facilitating easy scanning of parameter space.
� Easy dumping of x-sections and choice of physics list
� Generic object oriented �lterable output, GRIFF. Allows for fast and robust OO C++/
py analysis of whole-event (see inset on right)
� Custom 3D OpenSceneGraph viewer
� Multiprocessing support
� Intend to make relevant parts available for external users.
GRIFF
� Optimized for easy, fast and reliable analyses of low-multiplicity physics, but 
supports �ltered output in case of scenarios involving higher multiplicities or 
statistics
� Format heavily optimised for on-disk size and reading speed. Read w.o. Geant4.
� Allows e�cient object-oriented analysis of whole event from python or C++ (see 
box for contained event data)
� Contains metadata such as geometry and generator parameters
Neutron di�raction in polycrystals -
� For neutrons with � = O(1Å), di�ractive scattering becomes important.
� Physics not included in Geant4 out of the box
� Functionality achieved by integration with polycrystal library NXSLib (see box).
� This augments the existing rich feature set of Geant4 to become a complete tool 
for investigations of a multitude of phenomena at neutron scattering facilities

Neutron di�raction in polycrystals (Al, Cu, ...)

Example: Novel Small Angle Scattering Instrument
� Completely new detector concept
� Di�ractive scattering in support materials a major challenge
� Simulations essential to investigate and improve competing designs

Example: Small prototype in test setups
� Collect test-beam data from radioactive sources or existing facilities
� Simulations necessary to fully understand data and for proper planning
� Test data essential for tuning of simulation

Level 3: Step

Name/CopyNbr of volume
Volume hierachy
Detailed material information
Energy deposition
Kinetic energy at segment ends
Global time at segment ends

Energy deposition
De�ning process name
Integrated step length
Status �ag
At both step ends:
   - Global coordinates
   - Local coordinates
   - AtVolumeEdge �ag
   - Momentum
   - Global time
   - Kinetic energy

Unique Track ID
Particle type
PDG info: mass, name, charge, ...
Kinetic energy at creation
Global time at creation
Creator process name
Weight

Level 1: Track

Level 2: Segment

Event/job level meta-data:
  Event random seed
  GRIFF version
  G4 setup details
  Geometry parameters
  Generator parameters
  

Geant4 Results In Friendly Format
GRIFF

Sample
position

�

The European Spallation Source
� Will open in Lund, Sweden in 2019 with an initial instrument 
suite of 7 instruments, growing to 22 in 2025.
� Through spallation induced by the worlds most powerful proton 
beam (5MW), it will become the worlds most intense source of 
thermal neutrons.
� Will facilitate a versatile scienti�c and technological programme 
in areas encompassing material science, chemistry and biology.

Principles of detection
� Detection of Ekin<1eV neutrons must necessarily proceed through destructive nuclear processes 
in which energetic secondaries are created.
� Only a few isotopes such as 3He, 10B, 6Li, Cd, ... have signi�cant cross-sections
� Highest X-section (and typical detector choice so far): n+3He�3H+p
� But 3He now unavailable for all but smallest detectors � Intensive R&D needed!
 
10B detector: Solid state converter + gaseous wire chamber

proton accelerator
5MW 2.5GeV beam

sample

target station
spallation + moderation

instruments detectors

� Cheap, high rate capability
� Good suppression of gamma backgrounds
� Decay products only travel a few microns
  � Converter must be ~ 1 �m thick
  � Low per-surface e�ciency at 90°
� Good e�ciency requires many surfaces and/or 
low angles of incidence
� Scattering in substrate & support a concern
� All in all, complex to access performance
  � high need of realistic simulations.

� Neutrons with � 	 1Å scatters 
coherently on crystal planes at angles 
given by Bragg condition:

� A�ects X-section and angular distribution:

thermal
neutrons

� NXSLib provides �rst principle 
calculation of relevant quantitues, 
based on crystal unit cell de�nition:

� Unit cell must be associated to 
G4Material during geometry 
construction.
� Details of Geant4/NXSLib 
integration to be described in joint 
paper with NXSLib author M. Boin, 
Helmholz-Zentrum Berlin

thomas.kittelmann@esss.se
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•As Kelly said yesterday: Triangle of 
Analytical Calculations, Simulation, 
Measurements complimentary 
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Simulation

•implemented diffraction 
(via NXSLIB) in GEANT4

Thomas Kittelmann1, Irina Stefanescu2, Kalliopi Kanaki1,
Richard Hall-Wilton1, Karl Zeitelhack2

1: European Spallation Source ESS AB
2: FRM2, Technische Universität München

Geant4 Based Simulations for Novel Neutron Detector Development
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Counting gas

Substrate/cathode
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(B4C, few micron thick)

(with anode wires)

Custom multi-user coding framework
� Primary languages C++/python (with boost-python bindings).
� SW kept in interdependant logical units ("packages"), providing libraries, 
applications, scripts, python modules, etc.
� Con�guration based on CMake.
� Optionally use one single command to (re)con�gure and build on demand.
� No need to "install everything and the kitchen sink" in order to access a few 
speci�c features: Gracefully and automatically disable relevant packages in case of 
missing external dependencies such as ROOT, Geant4, OpenSceneGraph, HDF5,etc.
� Integrated unit testing.
� Supported platforms: Linux, OSX, GCC, LLVM/Clang, 32bit, 64bit.
� Main branch kept in Mercurial repository at ESS/DMSC
Geant4 framework 
� Users supply geometry and generator modules, written in C++, loaded via python
� Parameters (including for materials) can be set and queried in python or from the 
command-line, facilitating easy scanning of parameter space.
� Easy dumping of x-sections and choice of physics list
� Generic object oriented �lterable output, GRIFF. Allows for fast and robust OO C++/
py analysis of whole-event (see inset on right)
� Custom 3D OpenSceneGraph viewer
� Multiprocessing support
� Intend to make relevant parts available for external users.
GRIFF
� Optimized for easy, fast and reliable analyses of low-multiplicity physics, but 
supports �ltered output in case of scenarios involving higher multiplicities or 
statistics
� Format heavily optimised for on-disk size and reading speed. Read w.o. Geant4.
� Allows e�cient object-oriented analysis of whole event from python or C++ (see 
box for contained event data)
� Contains metadata such as geometry and generator parameters
Neutron di�raction in polycrystals -
� For neutrons with � = O(1Å), di�ractive scattering becomes important.
� Physics not included in Geant4 out of the box
� Functionality achieved by integration with polycrystal library NXSLib (see box).
� This augments the existing rich feature set of Geant4 to become a complete tool 
for investigations of a multitude of phenomena at neutron scattering facilities

Neutron di�raction in polycrystals (Al, Cu, ...)

Example: Novel Small Angle Scattering Instrument
� Completely new detector concept
� Di�ractive scattering in support materials a major challenge
� Simulations essential to investigate and improve competing designs

Example: Small prototype in test setups
� Collect test-beam data from radioactive sources or existing facilities
� Simulations necessary to fully understand data and for proper planning
� Test data essential for tuning of simulation

Level 3: Step

Name/CopyNbr of volume
Volume hierachy
Detailed material information
Energy deposition
Kinetic energy at segment ends
Global time at segment ends

Energy deposition
De�ning process name
Integrated step length
Status �ag
At both step ends:
   - Global coordinates
   - Local coordinates
   - AtVolumeEdge �ag
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Kinetic energy at creation
Global time at creation
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Event/job level meta-data:
  Event random seed
  GRIFF version
  G4 setup details
  Geometry parameters
  Generator parameters
  

Geant4 Results In Friendly Format
GRIFF

Sample
position

�

The European Spallation Source
� Will open in Lund, Sweden in 2019 with an initial instrument 
suite of 7 instruments, growing to 22 in 2025.
� Through spallation induced by the worlds most powerful proton 
beam (5MW), it will become the worlds most intense source of 
thermal neutrons.
� Will facilitate a versatile scienti�c and technological programme 
in areas encompassing material science, chemistry and biology.

Principles of detection
� Detection of Ekin<1eV neutrons must necessarily proceed through destructive nuclear processes 
in which energetic secondaries are created.
� Only a few isotopes such as 3He, 10B, 6Li, Cd, ... have signi�cant cross-sections
� Highest X-section (and typical detector choice so far): n+3He�3H+p
� But 3He now unavailable for all but smallest detectors � Intensive R&D needed!
 
10B detector: Solid state converter + gaseous wire chamber

proton accelerator
5MW 2.5GeV beam

sample

target station
spallation + moderation

instruments detectors

� Cheap, high rate capability
� Good suppression of gamma backgrounds
� Decay products only travel a few microns
  � Converter must be ~ 1 �m thick
  � Low per-surface e�ciency at 90°
� Good e�ciency requires many surfaces and/or 
low angles of incidence
� Scattering in substrate & support a concern
� All in all, complex to access performance
  � high need of realistic simulations.

� Neutrons with � 	 1Å scatters 
coherently on crystal planes at angles 
given by Bragg condition:

� A�ects X-section and angular distribution:

thermal
neutrons

� NXSLib provides �rst principle 
calculation of relevant quantitues, 
based on crystal unit cell de�nition:

� Unit cell must be associated to 
G4Material during geometry 
construction.
� Details of Geant4/NXSLib 
integration to be described in joint 
paper with NXSLib author M. Boin, 
Helmholz-Zentrum Berlin

thomas.kittelmann@esss.se
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•See Proc. CHEP’13

•Paper submitted
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