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What is Neutron Scattering Science?

Complexity

Details/Resolution

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

ESS high intensity allows 
studies of
– complex materials
– weak signals
– important details
– time dependent phenomena

Thermal and Cold Neutrons:
meV, NOT MeV!
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High-intensity 
spallation sources

J-Parc, Tokai-Mura 2008

SNS, Tennessee 2008

ESS, Lund 2019

Plus many reactor sources, including ILL, 
Grenoble - worlds leading research reactor

(Note that many existing sources 
planning upgrades presently)
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2011

The ESS Site
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z

23 October 2012 

The ESS Site
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ESS Technical Design Report

ESS Conceptual Design Report

Editor: S. Peggs.

Contributors: K. Andersen, D. Argyriou, K. Batkov, C. Böhme, S. Bousson, I. Bustinduy, C. Carlile, P. Carls-
son, L. Celona, M. Comunian, H. Danared, C. Darve, P. Deen, M. Dell’Anno Boulton, R. De Prisco, G. Devanz,
R. Duperrier, D. Ene, M. Eshraqi, S. Gammino, M. Göhran, S. Gysin, H. Hahn, R. Hall-Wilton, H. Hassan,
K. Hedin, W. Hees, P. Henry, A. Hiess, A. Jackson, P. Jacobsson, A. Jansson, A.J. Johansson, C. Kharoua,
O. Kirstein, E. Laface, G. Lanfranco, R. Linander, M. Lindroos, S. Molloy, J. Malovrh, D. McGinnis, F. Mezei,
P. Nilsson, E. Noah, E. Oksanen, C. Oyon, S. Pape-Møller, T. Parker, J. Persson, S. Petersson Årsköld,
F. Plewinski, B. Pottin, A. Ponton, P. Radahl, K. Rathsman, M. Rescic, T. Rod, R. Ruber, P. Sabbagh,
R. Seviour, S. Skelboe, A. Steuwer, J. Stovall, M. Strobl, A. Takibayev, L. Tchelidze, A. Tibbelin, G. Trahern,
H. Wacklin, L. Zanini, R. Zeng.

Figure credits: Advanced Cyclone Systems, Australian Nuclear Science and Technology Organisation, G. Cas-
tro, A. Class, T. Davenne, Ch. Densham, M. Christensen, Deutsches Elektronen Synchrotron, Dresser Roots,
European Organisation for Nuclear Research (CERN), J. Fetzer, Forschungszentrum Jülich GmbH, J. Gardner,
S. Gordeev, G. Hees, A. Houben, Institute of Complex Systems, Institut Laue-Langevin, M. James (ANSTO),
Japan Atomic Energy Research Institute, Karlsruher Institut für Technologie, W. McHargue (SNS), National
Institute of Standards and Technology, National Physical Laboratory, T. Oku (RIKEN), M. Puls, Rutherford
Appleton Laboratory, SKF Magnetic Bearings, Spallation Neutron Source, R. Stieglitz, Technical University
München, TESLA, XFEL.

Feb ’12

•(700 page) TDR released: available on ESS website
•Will serve as a baseline for construction

ESS Technical Design Report

Release 2.0
February 5, 2013
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The Reference 
Instrument Suite

protons

W target
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ESS Timeline

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Design	  Update

Construc2on

TDR

P2B	  Instrument	  Development

P2B	  S&T	  Infrastructure
Opera2onspecifications for conventional 

facilities

3

3
2

1
2

3

3

5

7

1
1

2
3

3 5
Depth of this is a 
capacity of 12-14 

instruments at once(!)

14

2019: First 7 instruments on-line
2025: Full suite of 22 instruments on-line
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Little or None Available

Old News Now...He-3 Crisis ....an appropriate 
initial reaction ... 

Sin
ce

 ca
. 2

00
9

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

eg rate, resolution reaching the 
limit ... 

Figure 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 efficiency
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 difference 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 effective interaction length, whilst not adversely affecting the escape
efficiency. 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 efforts:
There are presently more than 10 ongoing R+D efforts, equally directed towards designs with “normal” ge-
ometry, and “inclined” geometry configurations. The discussion below will concentrate on three illustrative

5

Crisis or opportunity ... ? 

(comment: seems to be some naivety at the 
moment as stocks are being emptied rapidly) 
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Detector Requirements for Baseline TDR Suite
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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 Diffractometer 20 0.6-6 <10 2x2
Bi-Spectral Powder Diffractometer 20 0.8-10 <10 2.5x2.5
Pulsed Monochromatic Powder Diffractometer 4 0.6-5 <100 2 x 5
Material Science & Engineering Diffractometer 10 0.5-5 10 2
Extreme Conditions Instrument 10 1-10 <10 3x5
Single Crystal Magnetism Diffractometer 6 0.8-10 100 2.5x2.5
Macromolecular Diffractometer 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
efficiency 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 difference 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:
•Resolutions cm to 
microns
•Rate: mHz - MHz
•Size: few cm^2 
to 100m^2

•Superior to what 
is state-of-the-art at 
existing neutron 
sources

•MPGD’s 
probably have a 
role to play for 
res< few mm and 
high rates
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B-10 Thin Film Detectors:
Where are we with prototypes?

900 45

Angle of incidence of neutron to converter layer
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An array of prototype designs at the moment (>10)
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This really is the ideal time to investigate all 
possible options and geometry

A lot of ongoing R+D now: a lot of prototyping and results 

•	  	   10B	  has	  a	  neutron	  absorp2on	  of	  	  
	   70%	  compared	  to	  3He	  at	  λ =	  1.8	  Å

•	  	   natB	  contains	  
	   80	  at.%	  11B	  and	  
	   20	  at.%	  10B

•	  	   10B	  +	  n	  →	  7Li	  +	  α	  +	  2.3	  MeV
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10-Boron Carbide Thin Films for Neutron Detection

DC	  magnetron	  spu/ering:	  natB4C,	  10B4C

•	  2-‐side	  coated	  substrates,	  Good	  adhesion	  on	  Al,	  Si,	  etc.

•	  High	  density,	  Minimal	  impuriEes,	  Thickness	  control	  and	  uniformity

•	  Large	  area	  deposiEons,	  Patent

•Boron	  Carbide	  has	  high	  internal	  stress:	  Many	  a/empts	  by	  other	  groups	  
failed

•ExperEse	  of	  Linkoping	  thin	  film	  group

•3	  publicaEons	  from	  this	  collaboraEon,	  several	  in	  preparaEon

•Also	  working	  on	  CVD	  processes,	  Gd	  deposiEon,	  ...	  
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Si

~3	  µm	  10B4C

1	  µm

Interested in samples? 
Please contact us!

ESS - Linkoping U collaboration

interdisciplinary

Purchasing deposition machine now: aim >>1000m^2/year
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The ESS Detector Group       (July 2013)
x
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Anton Khaplanov

Isabel Llamas
Xiao Xiao Cai

Thomas Haraldsen

Richard Hall-Wilton (group leader)
Kalliopi Kanaki

Thomas Kittelmann
Scott Kolya
Luis Ortega
+1 (Sep13)

Carina Höglund
Mewlude Imam

Björn Nilsson
Julius Scherzinger

(31 Dec 2010, detector group comprised of ... Carina!)
RED colour: 100% of salary comes from ESS

BLACK colour: 50% from ESS, 50% local
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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

!""#$%&'()*#+,-./)#

011#2344,&5

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 effects 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 effects (SEE) in the atmosphere. Such effects 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

effectiveness 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.

7 full ESS employees today
Expect to be 12 next year

detector lab space in Lund exists
about to acquire electronics and mechanical workshops
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What is our interest in RD51?
•To us, it appears that there is a significant role for MPGDs in future detectors for neutron 
scattering
•There are synergies to be gained by joining RD51

•Present involvement in MPGDs through in-kind contributions to ESS: 
•b-GEMs (group led by Milan-Bicocca)
•Gd-MSGCs (Helmholz-Zentrum Berlin)

•Looking to expand what is being done

Look to actively investigate prototypes and application developments:
•Neutron detectors for cold and thermal neutrons
•To begin with, have started a discussion with CERN PH/DT that ESS fund a CERN 
fellow on this topic starting soon

Request Membership for:
•Richard Hall-WIlton
•Scott Kolya
•Carina Hoglund

Look forward to contributing in the future ... 

•Kalliopi Kanaki
•Thomas Kittelmann
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thank you ... ?

15fredag den 5 juli 2013


