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Neutron2Science2Pushes2the2Boundaries

ESS intensity allows 
studies of
– Complex materials
– Weak signals
– Important details
– Time dependent phenomena
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Why Neutrons?

1)  Ability to measure both energy and momentum transfer   
 Geometry of motion   

 

2)  Neutrons scatter by a nuclear interaction => different isotopes   
     scatter differently      H and D scatter very differently 
 

3)  Simplicity of the interaction allows easy  
     interpretation of intensities 

 Easy to compare with theory and models 
 

4)  Neutrons have a magnetic moment 
 
 H 

D O 
Si 

C 

Neutrons are
– low energy
– non-damaging
– penetrating
– broad wavelength range

thermal and cold neutrons 
meV

“with a small m”
wavelength ca. Å
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Neutrons2are2special
Charge neutral

 

Deeply penetrating 

Li motion  in fuel cells

Help build electric cars

Nuclear scattering 

Sensitive to light 
elements and isotopes 

Active sites in proteins

Better drugs

S=1/2 spin
  

Directly probe magnetism

Solve the puzzle of High-Tc 
superconductivity

Efficient high speed trains

Test AdS/CFT correspondence

Urate&oxidase
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Japan)2008:
JPARC2(<1MW)

Europe)2019:)The2European2SpallaHon2Source2
(<52MW)

USA)2006:
SNS)(<1.42MW)

• One2of2Europe's2largest2planned2research2
infrastructures.21.8432B€.

• For2physics,2chemistry,2life2science2and2more.

• For2academia2and2industry.

• 172countries2plan2and2build2together.2

• The2world's2most2powerful2linear2proton2
accelerator,2and2the2most2powerful2source2of2
neutrons2for2science.2

• GroundYbreak/site2preparaHons2June22014.

• Neutrons2&2first2instruments2by2the2end2of2the2
decade.

• ~25002employees;2~25002users/yr.

Lund,)Sweden)

What2is2the2European2SpallaHon2Source?
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Sweden, 
Denmark and Norway: 
50% of construction
15-20% of operations

European partners:
50% of construction

European)Joint)Ownership

Plus)discussions)with)countries)that)might)join)aLer)construcMon)start
Belgium,2Finland,22Israel,2Portugal,2Russia,2Singapore…..?
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Layout,2Planning2&2Budget2&2InYkind2
potenHal

7

Total2construcHon2cost:2
€21,842billion Target2staHon

€2154M

Accelerator
€2522M

Instruments
€2350M

InYkind

Cash
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The2ESS2Site2Covers2752Hectares

~"1,2"km
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Target2and2Instruments

• Baseline:2222instruments

• Scope2for2addiHonal2instruments2in2
the2future
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The2road2to2realizing2the2world’s2leading2
facility2for2research2using2neutrons

2014
ConstrucMon)work)starts)
on)the)site

2009
Decision:)ESS)will)be)
built)in)Lund

2025
ESS)construcMon)
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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Seminar@Julich |  2013-05-24  |  Detectors: The Story so far ... 

2011

The ESS Site
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HEPTECH RD51 |  2013-10-15  |  Detectors: The Story so far ... 

z

23 October 2012 

The ESS Site
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Steel
shielding

Monolith
liner June)12,)2014

Vision)2020
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Current2status

• 32instrument2concepts2have2entered2ConstrucHon2Phase212–2preliminary2
engineering2design.

• 162new2instrument2concepts2have2been2proposed2and2reviewed2by2our2
independent2advisory2bodies,2the2STAPs2and2the2SAC.2The2SAC2will2soon2be2making2
a2recommendaHon2on2which2ones2to2build2and2in2what2order.

• The2construcHon2licensing2process2is2in2its2end2
stages.

• NaHonal2funding2negoHaHons2are2nearly2finished;2
countries2are2commiied.

• The2archaeological2survey2of2the2land2has2been2
completed,2and2test2piling2etc.2is2onYgoing.

• SiteYpreparaHon2has2started;2contractors2onYsite
• Official2ground2breaking2end2of2the2summer!

Ready)to)go)...)

14Monday, June 23, 14



The2Challenge2for2Neutron2Detectors2at2ESS
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•Lets start by looking back to pre--history ... 
•... where were we in 2011 ... start of the design 
update ...
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HEPTECH RD51 |  2013-10-15  |  Detectors: The Story so far ... 

Basic Principles of Neutron Detectors

photons
or chargen

collect 
charge or 
photons amplify,

digitise, 
algorithm

gain

write to disk

For gases at 1 bar, the atomic density Ad  is  2.7 10
19 [1/cm3] and for solids and liquids

its value is about 1000 times higher. In general, the atomic density is given by 

Ad = ρ * Na / Mv [1/cm
3] where

ρ is the volumetric weight [ g/cm3],  Na= 6.25 10
23 the Avogadro number

[atom/ mol ] and Mv the molar weight of the absorber-material [g /mol].
Sometimes the absorption is also expressed in terms of the mass-absorption-

coefficient γ = µ * ρ [ g / cm2]. With the surface mass density Md =x*ρ [g/cm2] of
an absorber of  x [cm] in thickness, the law reads:

J= Jo e 
–(Md / γ )

The absorption length, cross section and mass absorption-coefficient for thermal
neutrons for some materials used in neutron experiments are indicated in Tab (2)

The cross-section σ for thermal neutrons is inversely proportional to their velocity v. 

where E is kinetic energyσ σ ∼ /    ∼ 1 /  1 v or E

3.3-3

Figure 2: Neutron cross-section as function of the kinetic energy for the
isotopes commonly used in thermal neutron detection.

•Not possible to directly detect slow neutrons
•Use nuclear reactions to convert neutrons

•Count neutrons: all other information lost in nuclear reaction

Detectors for Thermal Neutrons

A.Oed

Introduction
The particle- or radiation-detection is based on the measurement of electric currents. 
Thermal neutrons with their low velocity and without an electric charge can only
be measured subsequent to a nuclear reaction with target atoms which emit either
ionizing radiations or ionizing particles. The target isotopes commonly used for
thermal neutron detection are indicated in Tab (1). Except for Gd, all the other
reactions are fission processes where two fission particles are ejected in opposite
directions randomly oriented in space.
The Maxwell distributions of thermal neutrons are shown in Fig (1).

3.3-1

Table 1: Commonly used isotopes for thermal neutron detection, reaction
products and their kinetic energies.

Figure 1: Velocity-, energy- and wave-length-distribution for neutrons at 300 o K.

converter
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Seminar@Julich |  2013-05-24  |  Detectors: The Story so far ... 

2011

The ESS Site
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HeliumY32Crisis

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

18

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 

Learn2the2lessons2from2
other2faciliHes

19Monday, June 23, 14



20

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

Example2of2Challenges:2Rates2for2Reflectometry

Factor2>100Y10002higher2than2
stateYofYart2detectors2today

(preliminary)

NEUTRONS@ESS: RATE IS AS BIG A 
PROBLEM AS HELIUM-3 AVAILABILITY
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HeliumY32Update

21
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3He2Supply2Forecast

22

!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

!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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Detector2Requirements2and2Strategy

23
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Science"Drivers"for"the"Reference"Instrument"
Suite"from"the"Technical"Design"Report
MulHYPurpose2Imaging

GeneralYPurpose2SANS

Broadband2SANS

Surface2Scaiering

Horizontal2Reflectometer

VerHcal2Reflectometer

Thermal2Powder2
Diffractometer

Bispectral2Power2
Diffractometer

Pulsed2MonochromaHc2Powder2
Diffractometer

Materials2Science2
Diffractometer

Extreme2CondiHons2Instrument

SingleYCrystal2MagneHsm2
Diffractometer

Macromolecular2
Diffractometer

Cold2Chopper2Spectrometer

Bispectral2Chopper2
Spectrometer

Thermal2Chopper2
Spectrometer

Cold2CrystalYAnalyser2
Spectrometer

VibraHonal2Spectroscopy

Backscaiering2Spectrometer

HighYResoluHon2SpinYEcho

WideYAngle2SpinYEcho

Fundamental2&2ParHcle2Physics

life2sciences magneHsm2&2superconducHvity

sot2condensed2maier engineering2&2geoYsciences

chemistry2of2materials archeology2&2heritage2
conservaHon

energy2research fundamental2&2parHcle2physics
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The2reference2suite2–2a2guide

These2instruments2are2gradually2being2replaced2by2
instrument2concepts2selected2for2construcHon.

TDR Reference Suite of Instruments
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Instruments2Will2Move2into2ConstrucHon2
a2Few2at2a2Time

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

1-3

4-11

12-14
15,16

17,18
19,20

21,22
23,24

25,26
27,28

29,30
31,32

“Tranche 1”

“Tranche 2”

“Tranche 3”
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Simply2put:2

“get2it2done”2(x22++)
“get2it2done2well”
Keep’em2working2

build2a2technology2and2service22
group2and2faciliHes2capable2of2

doing2this

27

IN5@ILL
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Scope:2Detector2Requirements2for2Instruments
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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 accepted instrument concepts submitted in this proposal round
28Monday, June 23, 14
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ESS#is#a#Long+Pulse#Source#
38

Figure 2.19: Single-pulse source brightness as a function of time at a wavelength of 5 Å at ESS, ILL,
SNS, J-PARC and ISIS target stations 1 and 2. In each case, the cold moderator with the highest peak
brightness is shown.

the world’s leading neutron facilities is made in Figure 2.19. The peak brightness at ESS will be higher
than that of any of the short pulse sources, and will be more than an order of magnitude higher than that
of the world’s leading continuous source. The time-integrated brightness at ESS will also be one to two
orders of magnitude larger than is the case at today’s leading pulsed sources.

The designs of instruments at ESS will be less limited by the time-structure of their long-pulse source
than are instruments at short-pulse sources. They will benefit from a substantially higher peak brightness,
combined with a time-average brightness which is much higher than that at any short-pulse source, while
retaining much of the flexibility of continuous-source instruments.

Many of the instruments will be substantially longer than their counterparts at short-pulse sources.
The underlying reason is the requirement for good wavelength resolution; the pulse length at the source
represents the uncertainty in the emission time of the neutrons, which can be reduced compared to their
time-of-flight by making the instrument longer. However, the instrument length also directly a↵ects the
bandwidth; that is, the longest wavelength that can be measured from a particular source pulse before it
overlaps in time with the shortest wavelength emitted from the following pulse. Pulse-shaping choppers
are an alternative method of improving wavelength resolution. Placed close to the source, they e↵ectively
reduce the pulse length, and hence the resolution, without making it necessary to increase instrument
length. A large part of the optimisation of the instrument suite consists of balancing resolution and
bandwidth considerations through appropriate combinations of instrument lengths and chopper systems.

2.3.1 White-beam instruments

The majority of the instruments at ESS will use a substantial part of the full white beam. Their bandwidth
will be limited by their length and choice of pulse suppression, and it will be possible to tailor their
resolution using a pulse-shaping chopper. They fall into two categories – large pulse width and small pulse
width – depending on the required pulse width compared to the intrinsic length, ⌧ = 2.86 ms, of the
neutron pulse.

Large pulse width = ⌧

SANS, spin-echo, macromolecular crystallography, and particle physics: There are seven instruments in
this category in the ESS reference suite, all of which are well suited to the long-pulse time structure.
They can use the full ESS pulse width and thus benefit from the high peak and time-average brightness.
The ESS instruments will significantly outperform equivalent present-day instruments, due to the often
unnecessarily good wavelength resolution of those instruments at contemporary short-pulse sources, and
to the inherently lower peak brightness available to instruments at continuous sources.

29Monday, June 23, 14



ESS 2013-09-26

Detector Technologies for Baseline Suite
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2.4. INSTRUMENT SUPPORT AND NEUTRON TECHNOLOGIES 97

Instrument Detector Technology

10B Thin Films Scintillators 3 He Micropattern
� ⇥ WLS Anger Rate Resolution

Multi-Purpose Imaging - - - - - o +

General Purpose Polarised SANS o + - + o + -
Broad-Band Small-Sample SANS o + - + - + -
Surface Scattering o + - + o + -
Horizontal Reflectometer - o - + + o -
Vertical Reflectometer - o - + + o -

Thermal Powder Di�ractometer o + + - - o -
Bi-Spectral Powder Di�ractometer o + + - - o -
P-M Powder Di�ractometer o + + - - o -
MS Engineering Di�ractometer o + + - - o -
Extreme Conditions Di�ractometer o + + - - o -
Single Crystal Di�ractometer o + + - - o -
Macromolecular Di�ractometer - o o o - + +

Cold Chopper Spectrometer + o o - - - -
Bi-Spectral Chopper Spectrometer + + o - - - -
Thermal Chopper Spectrometer + + + - - - -

Cold Crystal Analyser Spectrometer - o - + + - -
Vibrational Spectrometer - o - o + - -
Backscattering Spectrometer - o - + + - -

High-Resolution Spin Echo - o - o + + -
Wide-Angle Spin Echo - o - o + + -

Fundamental & Particle Physics - - - - + + +

Table 2.6: Appropriate detector technology options for the 22 reference instruments. The detector tech-
nologies are grouped into perpendicular- and inclined- neutron incidence geometries for 10B Thin Film
detectors, Wave-length shifting fibers (WLS) and Anger Cameras for Scintillator detectors, 3He detectors
and high count rate and high resolution detectors for microstructure and imaging detectors. In the matrix
of options, ‘+’ indicates that this technology is presently seen as a high possibility, ‘-’ indicates that it is a
disfavoured technology for this instrument, and ‘o’ means that it is considered an option, though not the
primary one.

•Most instruments 
have “He-3-free”  
options
•Requirement for 
He-3 significantly 
reduced

•An array of 
technologies will 
be used

•dependent upon 
a wide range of 
sources for 
detectors

+ = favoured option
o = option
- = disfavoured option

Collaborative and In-Kind needed to fulfill these needs

30Monday, June 23, 14
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The2ESS2Detector2Group
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Group2Strategy

32

•“No prototypes installed in ESS”
•Standards developed to evaluate detectors
•Sufficient expertise to be able to engage with in-kind

•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

32Monday, June 23, 14
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2Efficiency2limited2at2~5%2(2.5Å)2for2a2single2layer
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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

W::'V128$,R'X")./,'

6MM'5099"2&

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!
1.  European Spallation Source ESS AB, http://www.europeanspallationsource.se!
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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And it works! Signs of success for a 
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The technique has been developed in collaboration with the ESS and is destined to replace current 3He-
based technology. 
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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 
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Results shown at ECNS (poster and talk) ... and ... 
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Xiao Xiao CAI

BEng PhD MIEEE

7 St. Marks Road, Preston

UK, PR1 8TL

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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Curriculum Vitae  
  

Personal information  

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
BLACK colour: local collaborators

(+5 bachelors/Masters Projects+2 interns)
4 PhD Students (*)

Francesco 
Piscitelli

Yashika 
Bansal* 
(Bergen)

2014 – 06 – 02  13 

Blades: preparation for assembly 

2014 – 06 – 02  14 

Grid assembly 
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High2quality2faciliHes2a2priority2(reminder:2green2field)
Synergies2between2groups

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
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CoaHng2Facility2in2Linkoping
Turnkey2Handover:2next2week

37

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

High quality enriched boron carbide coatings
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Developments2and2Standards
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“No2Prototypes2installed2in2ESS”:2
ensuring2quality

39

Several competing technologies: Need to compare like-with-like

Develop Measurement Standards
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

39Monday, June 23, 14



HeY32Efficiency

40

Figure 3: 3He gas e�ciency vs. distance from the center of the tube for a selection of wavelengths (upper panel).
Same calculations repeated including the iron walls (lower panel).

Figure 4: 3He gas e�ciency vs. wavelength for a selection of distances from the center of the tube (upper panel).
Same calculations repeated including the iron walls (lower panel).

The neutron path is represented by the distance of the neutron track from the center of the
tube as defined in figure 2. No angular dependence has been considered for these calculations.
The neutron always hits the tube perpendicularly. The counting gas is pure 3He. Alternatively,
the same e�ciency can be plotted as a function of wavelength as depicted in figure 4. In
both figures 3 and 4, the upper plots at the central position represent the e�ciency figures
traditionally quoted for Helium-3.
The reduction of the e�ciency from the addition of the material e↵ect on the calculation becomes
more pronounced, if the average e�ciency is depicted (see figure 5).
So far the e�ciency of a single tube has been considered. Looking at the bigger picture, it

5

Figure 5: Average e�ciency of a 3He tube as a function of neutron wavelength including the wall e↵ects.

is also important to include the e↵ects of the Cd foils placed between the detector tubes and
study the impact thereof on the total geometrical acceptance of the detector setup and how this
e↵ectively scales the e�ciency further down. Assuming a typical Cd foil thickness of 1-2 mm, by
simple geometrical considerations in the case of 1” tubes, it turns out that there is an additional
reduction e↵ect of about 3-7%. Also, considering the assembly of the single tubes into groups
of e.g. 8-32 units, as is often done in real instruments, it is necessary to further account for the
loss of geometrical acceptance in the average e�ciency. The e↵ect is presented in figure 6. In
total, the reduction amounts to about a factor 0.8-0.9. The impact of any entrance window or
of threshold e↵ects due to charge division has not been evaluated here.

Figure 6: Average e�ciency of a 3He tube as a function of neutron wavelength including the wall e↵ects and
the reduction in geometrical acceptance from the Cd foils and the assembly of the tubes.

The figures shown in figure 6 do not directly relate to any current-day instrument, but are
representative of the e↵ects that need to be considered in the design. The e�ciencies in figure 6
can be considered as the detection e�ciency of a neutron at the sample entering the solid angle
subtended by the detector system towards the sample. This is particularly pertinent here,
for the design of detectors for such applications at ESS, as with the new technologies, these
compromises in the engineering design will di↵er. Therefore, this definition of e�ciency is the
one that is more appropriate for comparison between di↵erent technology choices, as it is the
e�ciency which more closely represents the e↵ect on the eventual instrument performance.

6

Example of typical large area application:

“efficiency” as calculated 
from conversion 
probability in He-3 gas

“efficiency”, taking into 
account some of the 
material and dead 
space effects

Important to compare like-with-like, in particular when looking at different technologies
40Monday, June 23, 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

Standards2definiHon2key2part2of2ensuring2best2cost/quality2detectors
Especially2necessary2with2commercial2suppliers,2to2define2what2we2want2measured 41

vs “boundary conditions matter”

cartoon:
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10BZbased)Neutron)Detectors:)Gamma)SensiMvity

3He 10BNeutrons
Neutrons

Gamma-rays Gamma-rays

10B3He

<10$6<10$6

Gamma2sensiHvity

A.)Khaplanov),)F.)Piscitelli)et)al.,))JINST,)v.)8,)p.)10025,)2013)
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CollaboraHons

43•Everyone2should2play2to2their2strengths
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MulHgrid2Design:2ILL/ESS/LiU2CollaboraHon

•This year: produce an IN5 equivalent 
module with the ILL Multigrid design
•Collaboration: ILL/LiU/ESS
•>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

44

Full scale unit for IN5: 3x0.8m

44Monday, June 23, 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 # 
32 channels
• Wires Xn & Xn+1 connected with 
resistors # 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 # 32 channels

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

(slide from B. Guerard)
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MulHgrid2Design:2IN62Demonstrator
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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 2013:
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

46Monday, June 23, 14



MulHgrid2Design:2IN52Demonstrator
Mass2producHon2possible?

47

•Full IN5-like module (3x0.8m)
•To be completed by Sep’14
•Coatings complete 
•104m^2
•All other items on track
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MulHgrid2Design:2IN52Demonstrator
Large2area2neutron2detectors2possible2again

48

Report on the IN5 demonstrator:

single-column-vessel tests on the first assembled column

F. Piscitelli, M. Ferraton, S. Jonchery

May 27, 2014

1 Introduction

The first column has been assembled. It contains 128 grids of 1µm 10B4C deposited on Nickel
plated blades. The blades still continue to peel o↵.
The column was inserted in one guide of the 8-column vessel without any problem: spacers hold
and the column fits (see Figure 1). Some of the columns (at least 2 out of 8) have some problem
to enter because of two major issues: the back-bone is not straight the walls of the 8-column
vessel are not straight. The second problem can be solved. About the back-bones, we kept 2 of
them that seemed the more straight the others will be sent back to the supplier. The one we
kept have 1mm of bending in the middle over 3m.
We checked that once in the 8-column vessel the back-bone returns straight because of the force
of the vessel. We have also tested the first column in the single-column-vessel in order to check

Figure 1: Insertion of the first column inside the 8-column-vessel.

the mechanical issues (see Figure 2). A displacement of the wire inside the rectangular cell can
cause a non homogeneous gain along the detector.
Since this vessel is not sealed we first checked the gas flow in order to assure a constant response
of the detector. Ar/Co2 (90/10) is flushed constantly inside the vessel.

1

Figure 2: Single-column-vessel.

The questions we want to answer are the following:

(a) gas flow to assure a constant response;

(b) operational voltage;

(c) gain variation as a function of the mechanical bending of the back-bone;

(d) amplifier gain and time constant;

(e) right electrical insulation between adjacent grids;

(f) uniformity along the anodes.

We have started placing 3 wires per PCB (see Figure 3). The four anodes are electrically
independent and read out independently (W1,W2,W3,W4). Each anode output is the sum of
a wire in the front of the detector, one in the middle and one at the back. We have connected
20 grids together at the top (C1 or Up), in the center (C2 or Center) and at the bottom of the
column (C3 or Down), to have 3 cathode outputs. The remaining grids are just grounded.
The gas inlet is on the side of the upper grids (C1) and the outlet close to the grid at the bottom
(C3). With this configuration of the column we can answer to the questions: a, b, c, d and f. A
di↵erent setup is needed to answer to e.
All the tests have been performed using an AmBe source.

2 Results

2.1 Stability and gas pollution

Figure 4 shows the PHS for anodes and cathodes once the gas is well clean and the detector
stable. Figure 5 shows the anode PHS degradation during night due to the not su�cient gas
flow. The next day the measurement was repeated during night and the gas was not clean but
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Figure 7: The counting curve of the detector for the cathodes (C2) and for the 4 anode outputs (left) without
any shielding of the source. The counting curve of an anode wire when the source is shielded with lead (almost
only neutrons), with B4C (almost only gammas) and without any shield (right).

the center of the column. We can explore a range of about ±2.5mm around the straight position
of the back-bone. The rest position (without any correction) of the column is in +1mm. Moving
the regulation also the wire in the middle of the rectangular cell formed by the grids changes
and the gain changes consequently. Figure 8 shows the setup used to control the back-bone
bending.

Figure 8: The setup used to control the back-bone bending.

We expect that when the wire is in the middle of the rectangular tube formed by the grids the
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Diffractive add-on for Geant4
● Out of the box, Geant4 includes no 

capability for crystal diffraction.

● A new plugin, NXSG4, is provided 
which enables proper neutron 
diffraction in arbitrary polycrystalline 
materials:

● Based on the nxs library (used 
already in McStas, Vitess)

● Based on basic unit-cell parameters, 
just low-energy neutron scattering is 
overridden. All other Geant4 
capability is retained, resulting in a 
rather complete tool for 
investigations of a multitude of 
phenomena at neutron facilities.

● Plugin freely available for non-
commercial purposes at 
http://cern.ch/nxsg4) and 
documented in paper (submitted).

T.)Ki_elmann,)M.)Boin
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Higher2ResoluHon2Detectors
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•Helium-3 detectors typically limited to a resolution of many mm - 5mm or greater typical
•Demand until recently for better resolution detectors was limited:
•Sample size typically large, so better resolution not needed
•ESS flux is likely to reduce sample size

•Safe to say that demands on resolution will increase: for proposed ESS instruments
•Reflectometry: mm resolution or better 
•Neutron Macromolecular Crystallography: 200-500 um
•Imaging: 10-100um

•Availability of such detectors, with timing resolution, limited at the present
•Existing detector-types being pushed in this direction
•Gd(+CsI) MSGC detector (by HZB), with 200-500um resolution
•MCP, Coated silicon detectors: sub 10 um possible

•With time, and availability of such detectors, expect more demanding requirements on 
resolution
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Mood2Message2for2the2R+D2so2far2...2
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from2here2in220102...2

to2here2in22014...2
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CollaboraHons2for2ConstrucHon2Phase
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Challenge: select collaborative partners to build performant detectors
Instrument construction started for first 3 instruments
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CollaboraHons2for2the2ConstrucHon2Phase
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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++
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Instruments2Will2Move2into2ConstrucHon2
a2Few2at2a2Time

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

1-3

4-11

12-14
15,16

17,18
19,20

21,22
23,24

25,26
27,28

29,30
31,32

“Tranche 1”

“Tranche 2”

“Tranche 3”•11 instruments are in 
construction by next year
•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
•we will enable as needed
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Summary
•Construction phase for ESS has started

•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
•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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