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A Nordic Neutron Science Programme  
- competence, capacity and attractivitiy  

 

 
 
1 Background 
During the next couple of years, one of the world’s largest, most advanced re-
search facilities – The European Spallation Source – will be built and established 
in Lund, Sweden together with an ESS Data Management, and Software Center 
located in Copenhagen, Denmark. ESS is a neutron scattering facility and can 
best be described as a large microscope looking into physical, chemical, geologi-
cal and engineering materials as well as biological materials. 
 
The ESS will create a wide range of new possibilities to advance and strengthen 
research, innovation and education in the Nordic region. Experiences from other 
international research facilities clearly show that close geographical proximity to 
a large international facility opens up new exciting opportunities for regional 
research environments, universities and industry. 1 However, it is equally clear 
from previous experience that the effects will not appear without strategic efforts, 
substantial investments and a broad and active local user-community. Therefore, 
close collaboration between universities and industry in the broader Nordic re-
gion and ESS is needed as well as strong neutron science research community 
within a broad range of academic fields.  
 
This proposal is put together by a working group established in March 2013 by 
the Board of NordForsk to prepare a joint Nordic Neutron Initiative. The Work-
ing group consists of representatives from the Swedish and Norwegian research 
councils, the Danish Agency for Science, Technology and Innovation and Nord-
Forsk.  
 
This proposal has two major parts. First we take stock on the status for neutron 
science in the Nordic Countries and describe some of the on-going Nordic and 
national activities in the field. Secondly, we describe the framework for a new 
joint Nordic Neutron Science program, including a more detailed description of a 

                                                      
1 This has been discussed in several reports in relation to the establishment of other international 
facilities. For an overview, see for example the reports from the Swedish so called TITA-project 
(http://essmax4tita.skane.org/) and “European Spallation Source – verdens største mikroskop til 
Øresundsregionen” from the Danish Agency for Science, Technology and Innovation 
(http://fivu.dk/publikationer/2012/european-spallation-source-verdens-storste-mikroskop-til-
oresundsregionen). 
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Nordic Research School initiative as a pilot activity. 
 
 
2 Material Science in Nordic Countries 
 
Materials science is the study of relationships between the structure and proper-
ties of different kinds of materials. Materials are part of our everyday life and as 
such a “key enabling technology” of paramount importance in providing stable 
foundation for scientific breakthroughs, innovation and growth. It is estimated 
that 70 per cent of all technological innovations can be related to developments in 
the materials that are used. By 2020, it is estimated that 65-70 per cent of growth 
within energy and biotechnology can be related to the development of advanced 
materials.2  
 
The recent years’ breakthroughs within the materials technology area has opened 
the way for new opportunities to study analyze and manipulate hard physical 
materials as well as soft and biological materials, where developments on the 
nanometer scale in particular have been groundbreaking. Together with the revo-
lutionary development in micro-electronics and information and communication 
technology (ICT) within storage, handling, visualization and simulation of large 
quantities of data, this has enhanced the strengths and capabilities for developing 
and using new flexible, durable and innovative materials that can be used within 
many application areas and sectors. 
 
Seen from a broader bibliographical perspective, material science in the region 
consists of a relative small community with high quality and big impact.3 Other 
analysis concludes that there are intra-Nordic variations indicating a weaker de-
velopment in terms of publications in Norway (Indikatorrapporten 2012), while 
Denmark has a relatively small publication volume, but with a high academic 
impact (Forskningsbarometern 2012). Sweden and Finland is relative stable in 
terms of publications and impact (see figure 1)4.  
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                      
2 Sanford M. Moskowitz, The Advanced Materials Revolution, 2009 
3 Room for increased ambitions? Governing breakthrough research in Norway 1990 – 2013 
Report to the Research Council of Norway, 2014. 
4 There is need for some caution here since the field of “material science” in this analysis is very 
narrowly defined, in the Danish context mainly containing metallurgy, excluding large areas such 
physics, chemistry and molecular biology.  
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Figure 1. Scientific Impact for different scientific fields in the Nordic Region.  
 

 
 
Source: Forskningsbarometern 2012 
 
Neutron Scattering techniques are one of the core experimental methods for 
modern material science. The broad scope of the scientific activities related to the 
use of neutrons can be illustrated by the scientific use of the present neutron sci-
ence facilities in Europe (for example ILL, PSI and ISIS). As can be seen in fig-
ure 3 and 4 the forthcoming ESS will cross the traditional material science bor-
ders entering into life science (for example structural biology), energy and envi-
ronmental science. The figure below presents the thematic distribution (in terms 
of applied beam time) at the larger European facilities.  
 
 
Figure 2.Requested beam time at ISIS, ILL and LLB per thematic area. 

 
 
 
Source: Report from ILL Associates´ Working group on neutrons in Europe for 
2025 
 
It should also be noted that several neutron user groups, particularly within life 
science and energy, use a broad range of techniques studying complex materials.  
 
 
 
Figure 3. Scope of modern neutron based science 
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3 What is neutron science and why is it important? 
 
James Chadwick discovered the neutron in 1932, but it took some decades before 
it was realized that neutrons could become a powerful tool to study the structure 
and properties of matter, not unlike X-rays. The neutron interacts with the nu-
cleus, and the absorption depends on the nature of nucleus, where X-rays interact 
with the electron cloud surrounding the atomic nucleus. The penetration of matter 
by neutrons is very different from X-rays, neutrons turn out to be a powerful tool 
for studying hydrogen atoms, and in contrast to X-rays they are nondestructive 
towards soft and biological materials. See Figure 5 for an illustration of the com-
plementarity between the two techniques. 
 
 
Figure 4. Left: Comparative example between neutron scattering and x-rays from 
the wood industry. Right: Scattering cross-section as fct. of atomic number, for 
X-rays and Neutrons respectively. 
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Neutron sources with flux densities adequate for neutron scattering investigations 
of materials are based on one of two principles: 
 
• Fission: A high continuous flux of neutrons is produced in the core of a con-
ventional fission-based nuclear reactor. 
 
• Spallation: A pulsed production of neutrons is obtained by bombarding a target 
of heavy elements with high-energy particles, typically accelerated protons 
 
The figure below gives an overview of the development of neutron science over 
the last decades.  
 
The historical developments of the different techniques are shown in figure 5 
below. 
 
 
Figure 5. Historical development of Neutron Reactors and Spallation sources  
 

 
 
 
Neutron and X-ray scattering represent the two most powerful experimental 
methods to study the structure and dynamics of materials at the atomic and 
nanometer scale. The scope of the application of X-ray and neutron scattering is 
continuously increasing as illustrated by the increasing demand for access to the 
neutron and synchrotron facilities. They have grown from being a tool in solid 
state physics and crystallography to serve communities as diverse as biology, 
biomedicine, earth sciences, planetary science, engineering, polymer chemistry, 
and cultural heritage. 
 
The unique properties of neutrons (as shown in figure 7) together with the break-
through technologies at ESS will open up a broad scope of new scientific oppor-
tunities for neutron-based science. 
 
 
 
Figure 6. The unique properties of neutrons 
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Source: ESS Technical Design Report 2012 
 
These unique properties give neutron science a broad scientific scope, with neu-
trons you can… 
 

 
 
 
Both neutron and synchrotron sources are built as dedicated facilities hosting tens 
of instruments. All major sources are international user facilities, meaning that 
they serve a research community much larger than the staff affiliated with the 
facilities. More than 20 neutron facilities are in operation worldwide, the largest 
European facility being the reactor source ILL, Grenoble, France, and the spalla-
tion source ISIS, Didcott, UK. However, the European dominance in neutron 
science is challenged by two powerful, newly commissioned spallation sources: 
Spallation Neutron Source (SNS), Oak Ridge, USA, and Japan Proton Accelera-
tor Research Complex (J-PARC), Tokai, Japan. 
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A 1994 OECD Megascience Forum Analytical Report on the future of neutron 
scattering facilities pointed out that potential closure of existing research reactors 
would impose a risk of global “neutron drought”, and it was recommended to 

 Upgrade existing first class neutron sources 
 Construct an entirely new MW-class spallation source in each of the 

Asian, North American and European regions 
 
Following the OECD recommendation, the completion of the European Spalla-
tion Source (ESS) will ensure that all of the main developed continents will have 
access to a MW-class spallation source, and ensure that Europe is not left behind 
by Asia and the US on this important scientific scene.  
 
Looking at the historical development of neutron sources it should also be added 
that due to the comparatively low brightness of neutron sources. X-ray sources, 
the deployment of neutron methods has historical been limited by the need to 
produce relatively large samples for investigation. Even though recent instrument 
improvements at e.g. ILL, J-PARC and SNS directly target smaller samples than 
in the past, we are in scientific age where exploring systems of higher complexity 
and phenomena covering many different time and length scales simultaneously is 
increasingly important. To some extent, the need for large samples has held back 
the usability of neutrons in several fields of science, however, with the new gen-
eration of neutron sources this will no longer be the case. Depending on the spe-
cifics of the experiment, ESS instruments will, for example, enjoy 10-100 times 
gain in performance compared to what is available today. Important materials 
will therefore become viable for investigation with neutrons and a range of dy-
namic and extreme conditions experiments will be possible for the first time. 
 
The life sciences is a here another good example. While neutron sources today 
are relatively uncompetitive in this field, the use of neutrons for studying bio-
logical systems is growing, and ESS will edge closer to the level where neutron 
experiments can be made in a timely manner without the concern of sample sta-
bility and quality over time. With this bright neutron beams and purpose-built lab 
infrastructure, ESS will enable investigations of rare biological samples in small 
quantities, both crystallised and in solution. Unlike X-rays, the non-invasive neu-
trons leave the sample undamaged, enabling single-sample time-resolved investi-
gations. 
 
Indeed, to address the fundamental challenges in current biomedical research, 
access to advanced instrumentation and infrastructure has become progressively 
important together with cross-disciplinary interaction with other scientific disci-
plines such as physics and chemistry. Of pivotal and increasing importance is the 
ability to dissect and visualize the atomic and molecular structure of bio-
molecules, including not only individual proteins and protein complexes but also 
biomolecular structures involving DNA, lipid membranes and carbohydrates. 
This requires easy access to a broad array of different methodologies that all re-
quire large-scale instrumentation facilities such as X-ray and neutron scattering, 
nuclear magnetic resonance (NMR) or electron microscopy. 
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Figure 7. A nuclear scattering length density map of the drug acetazolamide in 
the active site of human carbonic anhydrase II, showing the unambiguous identi-
fication of hydrogen atom locations using neutron crystallography 

 
 
 
Source: ESS Technical Design Report 2012 
 
 
Neutrons and the grand challenges 
Because of a growing global population of increasing average age and high de-
mands on living standards, humanity is facing daunting challenges related to 
supply and sustainability.  Tools of science are being deployed to find smart solu-
tions, aiming to maintain living standards within the finite resources with which 
we are endowed, and to pass a healthy planet on to future generations.  
 
Neutron Science and the ESS-facility will be able to play a role in addressing and 
solving the grand challenges of society, as many of the emerging smart solutions 
are based on insights at the molecular or atomic level of matter, an area in which 
neutron science offers unique investigative powers.  
 
Selected important examples on how the use of neutron science can contribute to 
the solution of our grand societal challenges are:  
 
Energy. In the face of diminishing fossil fuel reserves, we are in urgent need of more 
renewable energy sources, more effective engines, materials for lower heat loss and less 
energy spill and the use of green chemistry in industry and households. Neutrons are an 
important analytical tool that aids the understanding and development of promising 
novel materials for solar cells, batteries, fuel cells, thermoelectric materials for waste-
heat recovery and refrigeration, and reversible hydrogen storage materials for safe us-
age of hydrogen as an energy carrier. Neutrons are a unique probe to get insight into 
magnetic materials, which are responsible for conversion between electrical energy and 
motion in electromotors and dynamos. Neutrons science will also assist the accelerating 
development of more efficient enzymes for green chemistry. 
 
Climate. The developments towards carbon-neutral energy options also address the cli-
mate challenge brought on by large-scale consumption of carbon-based fuels. Neutron 
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Scattering at ESS will provide important advances in the development of carbon seques-
tration solutions. 
 
Health. Our ageing population brings with it a changing disease landscape, calling for 
better treatments of illnesses such as cancer, diabetes, and Alzheimer’s disease. Further-
more, multi-resistant bacterial strains are a growing threat to our collective health and 
safety. Neutrons further our understanding of the mechanisms of disease helping us to 
develop new efficient therapeutic molecules, contribute to the formulation of drugs into 
effective pharmaceuticals delivery systems and the development of drug delivery systems. 
Neutron techniques are also used to develop potential new materials for implants and 
health-care devices. 
 
Agriculture. The neutron methods that serve the health sciences also address the agri-
cultural challenges: the large environmental footprint, the demand on crop production 
for biofuels as well as food and feed, and global food security. By elucidating the mo-
lecular intricacies of plant metabolism and of pest, disease and drought resistance, these 
issues can be addressed. Neutron methodologies can decipher vital molecular mecha-
nisms through structural and dynamic analysis of complex assemblies and neutron imag-
ing shows promise for whole-plant water-uptake analysis.  
 
 
To be able to meet these challenges and to benefit from the new possibilities, new 
and “untraditional” neutron user-communities must be supported. There are today 
a number of challenges or barriers for these new groups including (1) lack of 
knowledge of the relevant techniques and (2) lack of expert knowledge and ex-
perience in designing in-situ sample environments, planning and conducting ex-
periments and data analysis.  
 
 
4 Neutron Scattering in Europe and in the Nordic Countries 
The neutron community in the Nordic countries is today small on the European 
scale (less than 5% of the European user community), yet healthy when taking 
the population size into account. As can be seen in figure 8, France, Germany and 
the UK have the largest user-community in Europe followed by Italy, Switzer-
land and Spain. The Nordic community includes about 275 active researchers, 
mainly in a small number of established research groups (see table 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Neutron users in Europe 
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Source: Report from the ILL Associates’ Working Group on Neutrons in Europe 
for 2025 
 
 
As can be seen in figure 8 and table 1, Sweden and Denmark has the largest neu-
tron scattering communities in the Nordic region, followed by Norway.5 All three 
countries have active national collaborative member organizations for neutron 
users that represent the countries in the European Neutron Scattering Association 
(ENSA); DAnsk Neutron Sprednings SelsKab (DANSSK), Swedish Neutron Scat-
tering Society (SNSS) and NoNSA (The Norwegian Neutron Scattering Associa-
tion).  In Denmark, there is also the Danish Centre for the use of Synchrotron X-
ray and Neutron facilities (DANSCATT) that effectively gathers the neutron and 
X-ray user groups. DANSCATT is a center funded by the Danish Agency for 
Science, Technology and Innovation. 
 
 
 
 
 
 
 
 

                                                      
5 It should be noted that the data presented in this report is based on a publication analysis of all 
available neutron scattering based articles in web of science (WoS) made for the workgroup. Other 
types of survey-based data differ somewhat from the numbers presented here. An survey made by 
the Swedish SNSS identify around 50 Swedish PI:s producing around 100 articles annually. The 
above-mentioned Report from the ILL Associates’ Working Group on Neutrons in Europe for 2025 
also uses WoS, but without the individual scrutinization of the identified articles as we have done 
in the Nordic analysis. 
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Table 1. Neutron users in the Nordic Countries6 
 
Author type Infrequent (2-4) Frequent (5-9) Expert (10+) SUM 
Denmark 58 21 10 89 
Norway 31 11 5 47 
Sweden, excl. ESS 78 14 10 102 
Sweden, ESS only 13 6 0 19 
Finland 18 0 0 18 
Iceland 0 0 0 0 
SUM 198 52 25 275 
 
Source: Nordic Neutron Scattering Communities 2008-2013 - a bibliometric 
study 
 
The main difference between the Swedish and Danish user groups is found in the 
larger group of “infrequent” users in Sweden. It could also be noted that all Fin-
nish users are classified as “infrequent” users indicating a rather small and young 
user community. 
 
The 275 Nordic neutron users have during the last 5 years published over 600 
scientific articles, including around 300 articles in “high profile journals”. The 
numbers of articles per country follow the relative size of the scattering commu-
nity with Sweden and Denmark producing a vast majority of the articles (see 
Table 2). There is a tendency for an increasing number of publications after 2011. 
Indications suggest that the full year of 2013 will be the strongest year so far and 
the growth in publications is expected to continue. 
 
Among the 100 or so active Swedish neutron users, roughly 30-50 are established 
research group leaders (PI:s), mainly within soft matter, magnetic materials (nano 
structures), energy and hydrogen. The Danish community includes roughly 30-50 
permanent users organized around a few very active “expert” users within bio-
physics and biotechnology, energy/materials, superconductivity / magnetism and 
biotechnology. In total there are close to 100 active neutron users in Denmark.  
The Norwegian community is around half the size of the Swedish and Danish 
communities and mainly focused on hard matter sciences. 

                                                      
6 Table 1-3 is based on a bibliometric investigation of the publications in the five Nordic countries: 
Denmark, Norway, Sweden, Finland, and Iceland. The analysis considers publications dealing with 
neutron scattering, including instrumentation, sample preparation, data taking, and data analysis. In 
addition, theoretical work is included if it lies close to the experiments, i.e. prediction or modeling 
of experimental data. However, the analysis excludes use of neutrons for fusion, nuclear and parti-
cles physics, and for element analysis by nuclear activation (known as PGAA). The analysis in-
cludes all peer-reviewed articles for each country within each year, and the analysis further 
counted how many of these are published in “top 20% high-profile” journal, decided by the Danish 
official “authority list” from 2010. Most data has been found using ISI Web of Science using a 
selection of neutron-related keywords. Abstracts were read to remove false searches, and potential 
articles were studied to be classified according to the type of neutron science, and for the use of 
neutron sources. In addition, the Journal of Neutron Research has been searched manually, since 
this journal does not appear in Web of Science. Below we list the total number of publications, 
divided into country and publication year. Only numbers in bold face (2009-2013) are considered 
further in this investigation. In the sum, publications with contributors from more than one Nordic 
country are counted only once. This correction is seen in the row labeled “double count”. The 
categorization in the table 1 refers to number of published articles. 
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Table 2. Number of Nordic Neutron publications 200-2013. Number of high pro-
file papers within brackets. 
 
Year 2008 2009 2010 2011 2012 2013 SUM 

Denmark 34 (14) 34 (28) 34 (21) 55 (30) 41 (18) 30 (12) 228 (123) 

Norway 23 (3) 20 (6) 10 (4) 25 (9) 22 (5) 11 (5) 111 (32) 

Sweden 48 (24) 45 (24) 51 (29) 59 (20) 58 (29) 33 (16) 294 (142) 

Finland 11 (2) 7 (1) 7 (5) 10 (5) 11 (4) 3 (1) 49 (18) 

Iceland 0 0 0  1 (0) 0 1 (0) 2 (0) 

- Double 

Count 

7 (2) 8 (5) 9 (5) 27 (10) 14 (4) 8 (2) 73 (28) 

SUM 109 (41) 98 (54) 93 (54) 123 (54) 118 (52) 70 (32) 611 (287) 

 
Looking at cooperation within the Nordic Region in terms of co-publications, one 
can see in table 3 that there are well-established collaborative patterns in the re-
gion. There are clear links between Norway and Sweden and in particularly be-
tween the two big user-countries Sweden and Denmark. The later collaboration is 
potentially also driven the establishment of the ESS in Lund and Copenhagen. 
 
 
Table 3. Nordic Co-Publications 
 
 2008 2009 2010 2011 2012 2013 SUM 

Denmark - Norway-  

Sweden 

   2 (1) 1 (0) 1 (0) 4 (1) 

Denmark - Norway  1 (0)  1 (0) 4 (2)  1 (0) 7 (2) 

Denmark - Sweden 2 (2) 2 (2) 6 (4) 14 (4) 7 (1) 2 (0) 33 (13) 

Denmark - Finland  1 (0) 1 (0)    2 (0) 

Norway - Sweden 3 (0) 5 (3)  2 (1) 3 (1) 2 (2) 15 (7) 

Norway - Finland 1 (0)   1 (0)   2 (0) 

Sweden - Finland   1 (1) 2 (1) 2 (2)  5 (4) 

Sweden - Iceland      1 (0) 1 (0) 

SUM 7 (2) 8 (5) 9 (5) 25 (9) 13 (4) 7 (2) 69 (27) 

 

Double count  

correction 

 

7 (2) 

 

8 (5) 

 

9 (5) 

 

27 (10) 

 

14 (4) 

 

8 (2) 

 

73 (28) 

 
 
It is also interesting to note that the scientific publications are largely driven by 
access to instruments at the established facilities. Danish scientists mainly use 
ILL in Grenoble and PSI in Switzerland for their experiments, while Norwegian 
experiments are mainly done at their “home facility” Kjeller and ISIS in the UK. 
Swedish scientists have their closest links with ILL and ISIS. 
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5  Forecasting the necessary growth of the Nordic research effort 
 
In what follows we intend to describe a target for the required intensification of 
the research effort by Nordic countries before and during full operation of the 
ESS. We have achieved this by combining past performance indicators, in terms 
of peer review publication, in the Nordic countries and past experience of publi-
cation output of neutron research facilities. 
 
The bibliometric review reveals that between 2008 and 2013 the Nordic research 
communities produced approximately 100 publications annually from the com-
bined effort of around 275 scientists. These publications were led by approxi-
mately 75 experienced neutron scatters of whom most have formed their own 
research groups (PIs). 
 
By 2025 the ESS will be in normal operation and deducing from previous experi-
ence at ILL in Europe and SNS in the USA the scientific performance of a typical 
fully commissioned and normal operating neutron scattering instrument can be 
estimated to be approximately 30 publications per year.7 
 
In the ESS technical design report (TDR) a reference suite of 22 instrument has 
been proposed which leads to an expected publication output of 22 instruments x 
30 publications per year = 660 publications per year. Given the possibility of 
additional 10 instruments, the high flux of the ESS source and the uniqueness of 
the source characteristics this is deemed to be the minimum estimate of the publi-
cation output. 
 
The financial contribution to the operations of ESS by Nordic countries is esti-
mated to be between 10 and 20% so one would expect that typically 15% of the 
experimental time could in the long run be reserved for experiments by Nordic 
PIs. This equates to the expected additional production of at least 100(15%*660) 
publications per year by Nordic countries. 
 
As the current production of publications by Nordic countries is 100 publications 
per year this would suggest that at minimum a doubling of the publication output 
is to be expected by 2025. This is of course assuming that scientists will continue 
to use other sources and that additional publication effort is clearly needed to 
take full advantage of the reserved experimental time for the Nordic countries. 
 
A doubling of the current publication effort can be achieved by a combination of 
tools: 

1. Funding of planning and outreach grants to make neutron scattering ac-
cessible to enhance collaboration, attract new users and include industry. 

2. Funding of neutron summer schools, workshop grants and final year pro-
jects to make neutron scattering known at undergraduate level. 

3. Supporting Bachelor and Master level courses in Neutron scattering 
4. Funding of new PI’s and their groups where neutron scattering can bene-

                                                      
7 This is a very conservative estimation. With the high flux at ESS, these numbers will most likely 
be doubled. 
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fit their research in a significant manner 
5. Funding of existing PI’s with grants to expand their group and support 

PhD students and postdoctoral scientists. 
 
If we assume that 30% (or 30 publications) can be sought for by intensifying the 
implementation of points 1-3, then 70 additional publications will be still re-
quired to meet the ESS Nordic contribution capacity. 
 
Currently 75 frequent and expert neutron scientists and their groups produce ap-
proximately 1.33 publications per PI per year. Considering this, approximately 70 
publications/1.33 or ca 53 additional frequent and expert scientists and their 
groups are needed to meet capacity. A typical young research group is composed 
by 1 PI, 1or 2 PhDs, 1 or 2 Postdocs and 2-4 Bachelors and Master level students. 
 
In a typical scenario 53 PI’s (existing and new) would require additionally 50-
100(75 average) new Postdoctoral level scientists, 50-100 (75 average) new PhD 
students and 100 to 400(250 average) new Master and Bachelor level students. In 
addition, if 30 existing PI’s receive additional funding to expand their group also 
the funding of 23 new PI positions should be considered. 
 
Conclusion – a target goal for a joint Nordic Neutron Program  
In order to promote excellent science that benefits from the use of neutrons it is 
crucial that a significant increase of the Nordic wide effort should be imple-
mented in the next 5 years in terms of university training, workshops and out-
reach activities, collaborations and building new/expanding existing research 
groups. 
 
We foresee that to be able to take full advantage of the allocated ESS capacity by 
2025 an additional 75 PhD and 75 Postdoctoral scientists as well as 20 new PI’s 
should be in employment and be distributed between existing and new groups.  
 
By 2025 we expect at least 150 frequent and expert scientists in permanent or 
temporary employment per year working with neutron scattering in 100 research 
groups and publishing in excess of 200 papers a year. 
 
This effort would bring the Nordic community to approximately the same level as 
Switzerland  - a documented very successful neutron science country. 
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6 Existing research programs and memberships 
There are already today a number of existing research programs within the field 
in the region. The Swedish Research Council handles the Swedish membership at 
ILL as well as supports three instrument/CRG programs, one at ILL (”Super 
Adam”) and two instruments at ISIS (”Polaris” and “HRPD”). There are also 
other bilateral programs, administered by the Swedish Research Council, the 
Swedish-German collaborative program ”Röntgen-Ångström Cluster” aiming at 
supporting material science and structural biology using neutrons and/or synchro-
trons and the Swedish-French program, were Sweden finances instrumentation at 
LLB a French, national neutron source.  
 
There is also a summer school organized by a Swedish-German-Russian collabo-
ration. It is called the RACIRI summer school (http://www.raciri.org/), and in 
2014 Sweden organizes the summer school.  The RACIRI summer school is 
driven by scientific frontier themes and challenges in the field of materials sci-
ences with a strong connection to the analytical potential at current and future 
research infrastructures (synchrotron radiation, X-rays and neutrons) in the Baltic 
region. There is also an initiative, funded by the Swedish Research Council, to 
stimulate the use of neutron scattering as an experimental technique. The first 
call, in this initiative, takes place 2014, a second call is planned 2016.  
  
The Norwegian Research Council runs a synchrotron- and neutron research pro-
gram called SYNKNOYT aiming at, among other things, long term competence 
building in relation to Norwegian participation in ESS. SYNKNOYT has a 10 
MNOK annual budget. In Norway, The Institute for Energy Technology annually 
organizes every second year a winter school (“The Geilo School”). The objective 
of the School is to bring together researchers with various interests and back-
ground including theoretical physicists, condensed matter experimentalists and 
biological physicists to learn about new areas where synergism between modern 
physics and biology may be most fruitfully applied. 
 
In Denmark, ESS and material science technology is prioritized in the 
FORSK2020 catalog for investments in strategic research as well as in the new 
“Inno+”- catalogue for challenge driven innovation initiatives. The center fund-
ing for DANSCATT should also be mentioned in this context. Denmark is also 
coordinator for the "Virtual Neutrons for Teaching” actions within the NMI3-
network. The objective of the project is to educate future and present neutron 
users without borders though best didactic practice by use of interactive online 
learning tools such as exercises and quizzes based on Monte Carlo simulations 
developed specifically for neutron scattering. DANSCATT is for example sup-
porting post doc and technical staff at PSI (and Max-Lab in Lund) to ensure pre-
ferred access for Danish user groups to these facilities. 
 
Looking at national user strategies and plans we see that the Swedish SNSS last 
year adopted a strategy document analyzing the present status of the community 
and also presenting a number concrete recommendations to strengthen neutron 
science in Sweden to be able to better exploit the new opportunities that ESS 
brings. Four main action lines are proposed: 
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 Establish a Swedish Graduate School to support increased number of doc-
toral students to exploit neutron techniques and co-ordinate training 

 Encourage and fund participation in substantial new instrument projects. 
 Encourage existing expert groups in neutron scattering to mentor new user 

groups in emerging fields by creating an ear-marked funding mechanism. 
 Develop strategic research in materials for neutron detectors and optics to 

strengthen Swedish industry in the field 
 
This central strategic elements that is important to incorporate in the development 
of a joint Nordic program. 
 
 
Table 5. Nordic memberships and collaborations 
 
 ILL XFEL PSI ESRF ISIS 
Denmark MS MS IC MS - 
Sweden MS MS - MS IP 

Norway    MS 
IP 

 

Finland    MS  
Iceland      

 
MS= Membership 
IC=Instrument collaboration 
IP=Instrument program
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7 Educational activities at Nordic Universities and existing Nordic networks 
 
Educational activities 
There are a number of educational activities on B.Sc. and M.Sc. levels, as well as 
course work during the PhD studies relating directly or in-directly to neutron 
scattering in the Nordic countries. A previous mapping in the Øresund region for 
example recorded a list of in total 52 relevant courses and schools, of which 20 
are dedicated to neutron or X-ray science, and the topic is touched upon in the 
remaining courses which have a broader focus.8The courses are mainly accessible 
to physics and to some extent chemistry students. 

 
Other examples of dedicated neutron scattering course at the Nordic universities 
include: 
 
 University of Aarhus - "Neutron scattering techniques" 7 week master/Ph.D. level 

course running in the 3rd quarter giving 5 ECTS. The course gives a broad overview 

of different techniques applied in neutron scattering. 

 

 Uppsala University - 'Neutron scattering' course for Ph.D. and masters students.  

Additional courses for 2 or 3 pts that are given on specialist topics such as small an-

gle scattering, reflectivity etc. There are other courses that include aspects of neutron 

scattering as a small component.  These include a 'Diffraction' course that covers 

primarily crystallography for chemists, a course on amorphous materials etc. 

 

 University of Oslo - Neutron scattering methods for materials research (master and 

Phd-level, 3 credits). Laboratory course consisting of lectures and an experimental 

section. The lectures will encompass an introduction to neutron sources, into 

scattering theory and instrumentation 

 

 IFE - Together with ESS for the last 3 years, IFE organizes a one-week course in 

neutron scattering for Master and PhD students. The course is registered at 

University of Oslo (FYS5440) and gives 3 study points. It includes lectures and lab-

experiments using the instrumentation at the JEEP II reactor at IFE. IFE staff are 

also contributing with neutron scattering in the course MENA3100 at the University 

of Oslo, with typically 15-20 students. 

 

 Linköping university - Residual Stress Measurement by Diffraction and Interpreta-

tion  (PhD course) 

 
 KTH - Characterization Techniques in Materials Physics using Neutron and 

Synchrotron Radiation (7.5 credits, Post-grad) 
 

                                                      
8 ÖMIC EDUCATIONAL MAPPING REPORT 2012 
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Existing Nordic networks 
NordForsk have previously supported a number of small scale material science 
activities including summer schools for ”X-Ray” users at the Max-lab in Lund, 
Sandbjerg Estate, Sønderborg,  and, research networks in magnetism and super-
conducting materials. In addition, there are established Nordic collaborative ef-
forts both in relation to soft biological and hard physical materials.  
 
Over the last year we have also seen an increasing number of new Nordic net-
works and activities in the field being developed. These important efforts could 
be further developed in scale and scope through a broader Nordic neutron initia-
tive. 
 
Case: SOFT MATTER  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To sum up, there is a need and potential to strengthen, develop and broaden the 
neutron user community in the Nordic Region to optimize the establishment of 

Recent experience in Sweden has shown that groups could be easily en-
couraged to start performing neutron experiments.  The presentation of 
information about relevant opportunities in focused areas was made by 
proposing seminars to specific specialist groups by an expert user.  In the 
broad field of soft matter this has led to six new groups starting work 
with neutrons in the last two years.  Studies have included materials for 
peptide/protein therapy, properties of pollutants in the environment, new 
wood based materials and novel surfactants for mineral processing.  This 
effort initiated in Uppsala has shown that there are substantial opportuni-
ties for competitive and leading research areas that are not yet making 
full use of neutron facilities.  These groups require expert assistance for a 
substantial period so as to make exploit the techniques.  Soft matter is not 
unique as a field that can expand, but the position in the research land-
scape with close contact to the science of biomaterials, environment, 
pharmaceutics, as well as many easily recognized personal care and 
household products makes it an important bridge between disciplines 
such as chemistry, physics and biology, and allows for ready transfer of 
skills and expertise to subjects of high impact and societal relevance.  
Support for new groups stretches the resources of existing users.  It is 
important to plan that these activities provide good opportunities and 
career paths for young researchers is essential. 
 
The Nordic community working with scattering and soft matter has also 
been co-operating in a number of ways: since 2004 annual meetings have 
brought together users of neutrons and photons from across the Nordic 
region.  This activity has provided for regular exchange of ideas, pro-
moted post-doc. mobility and provided an impetus for developments for 
example of beam lines for SAXS at MAX-LAB.  These examples show 
that there are substantial opportunities to continue expansion of the use 
of facilities in soft matter if funding is available. 
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the European Spallation Source (and the MAX IV facility) in the Nordic Region. 
The discussions above also show that there are active collaborative networks and 
organization that can support and facilitate a new Nordic neutron program.  
 

Educational activities at the larger international facilities 
At all the larger international neutron facilities there are on-going different types 
of educational activities, mainly focusing on younger scientists (PhD and Post-
Doc level) aiming at growing the number of neutron users and to broaden the use 
of neutron scattering into new academic fields. Looking at table 6, this is particu-
larly present at SNS ORNL in the US and at ISIS in England.  
 
From a Nordic perspective, it is important that we learn from good examples and 
experiences from the other international facilities.   
 
Knowing that there is a broad range of international activity in the field also, 
opens up for Nordic support to young scientist to be able to participate in and 
benefit from these programs. To be able to participate in this kind of courses 
together with other Nordic colleagues could bring the Nordic community closer 
together and lower the barriers for collaboration.   
 
 
Table 6. Educational activities at larger neutron facilities including the nmi3-
driven VNT course 
 

 
 
 
 
At the European level, the Integrated Infrastructure Initiative for Neutron Scat-
tering and Muon Spectroscopy (NMI3) aim to facilitate the pan-European coor-
dination of neutron scattering and muon spectroscopy research activities, by inte-
grating all the research infrastructures in these fields within the European Re-
search Area. NMI3 is a consortium of 18 partner organizations from 12 countries, 
including 8 facilities. NMI3 supports a broad range of educational activities, 
mainly as short term “Summer Schools” or equivalent course activities.  
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Table 7. Neutron Schools within the NIM3 network, incl. 'e-learning schools' 

 
 
 
8 Workshop conclusions 
On November 18th 2013, the Working Group hosted a Workshop with more than 
30 representatives from all the major Neutron user groups at Nordic Universities 
and Institutes and guests from ESS and active Neutron Uses from the Baltic 
Countries to discuss and develop our draft proposals with a particular focus on 
the Research School concept. The Workshop came out with three main conclu-
sions: 
 
1. There is strong need and support for joint Nordic actions in Neutron Science 
to make use of the new opportunities created by the establishment of ESS 
 
2. The overall aim should be to increase the number of neutron users and in-
crease competence in neutron scattering in the region with a special focus on 
young scientists, and new user fields and communities. 
 
3. The Neutron Scattering associations in the Nordic countries (SNSS in Sweden, 
NoNSA in Norway and DanScatt in Denmark) are ready to take responsibility for 
designing and jointly running a Nordic Neutron Research School 
 

General schools 

 

 Baltic School on Application of Neutron and Synchrotron Radiation in Solid State 

Physics and Material Science, October, Latvia 

 Berlin School on Neutron Scattering, February, Germany 

 Bombannes summer school, June, France 

 Central European Training School on Neutron Scattering, May, Hungary 

 Fan du LLB, December, France 

 HERCULES Annual Session, February/March, France 

 Giornate Didattiche/SISN school, June, Italy/France 

 HZG autumn school, October, Germany 

 Jülich Centre for Neutron Science: Laboratory Course Neutron Scattering, September, 

Germany 

 Oxford Summer school on Neutron Scattering, September, U.K. 

 Muon school at ISIS, March, U.K. 

 

Thematic schools 

Specialist neutron schools focusing on a specific neutron technique, analysis tool or scientific 

discipline are necessary to attend scientists looking for a more specific type of training. 

 

 Advanced Seminar on Perspectives for Neutron Science in Novel & Extreme condi-

tions, May, Spain 

 Fullprof school, November, France 

 PSI summer school, August, Switzerland 
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In relation the Research School concept, the workshop agreed on a number of 
concrete needs and actions: 
 

• Depending on educational level, activities relating to both specialist 
fields and more general introductions are needed.  

• Activities should not be too general, but focused on specific needs 
• «Hands-on» training activities are much needed, particularly in relation 

to new user fields. 
• Supporting network building between young researchers is extremely 

important 
• Strategic coordination with Synchrotron users is needed  
• Hands on coaching/mentoring is very important when attracting new user 

groups in for example life science and biology 
• Course activities must have a balance between experiments, theory, and 

analysis 
• Teaming (collaboration) between expert and new users (both academic 

and industrial) and twinning (mentoring) between traditional user groups 
and new scientific fields. 

 
 
9 Conclusions  
The analysis above can be summarized into a few main points, all leading to the 
conclusion that there is a potential added value for the Nordic countries to in-
crease their collaboration within neutron science: 
 

1. The Countries have user profiles focusing on different academic fields 
and areas. 
 
2. The Countries have access to different instruments both nationally and 
at the international facilities 
 
3. There are already established collaborations and co-publications at the 
user level. 
 
4. There are already ongoing educational and training activities for young 
researcher in the countries that can be opened up for joint use giving a 
critical mass and increased efficiency 
 
5. All countries face the same challenge of strengthening and broadening 
the user-base and need to create new links between universities and indus-
try so as to maximize the benefits of ESS.   
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10 Proposal for a 5-year Nordic Neutron program 
Based on the conclusions above, the working group recommends that NordForsk 
together with research funding councils and agencies in the Nordic Countries 
starts a joint Nordic Neutron program aiming at supporting the long term use and 
benefit of the establishment of the European Spallation Source in the Nordic re-
gion.  
 
Main points for the program:  
 
Goal and key program elements 
 

 The overall and long-term goal of the program is to double the number of 
neutron users in the Nordic region and increase competence in neutron 
scattering in the region with a special focus on young scientists, and new 
user fields and communities 
 

 Key elements of the program could include: 
 
1. Broad scope of Research School activities,  
 
2.  Competitive funding of joint networks and collaborative projects as 
well as, PhD and Post-doc positions across the countries and scientific 
fields to build critical mass in highly specialized fields and areas and to 
support new user groups. (To be linked to the Research School). 
 
3. A post-doc mobility and support scheme to strengthen knowledge cir-
culation and support for opening up and joint use of national instruments 
and training facilities. 

 
Scope and budget  

 To have a substantial effect, the working group proposes a 5-year pro-
gram matching the scheduled start of operations at the ESS. 
 

 A budget level of approximately 50-65 MNOK is needed for the program 
to have expected impact and bring substantial Nordic added value. The 
program should be co-funded between NordForsk (1/3) and the Nordic 
research funding organizations (2/3).  A tentative budget with frontload-
ing the NordForsk contribution could have the following composition in 
MNOK. 
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Governance 
 

 The program should be led by a steering committee with members ap-
pointed by participating funders with an option to appoint observers from 
relevant actors. The governing structure of the program should also in-
clude the three national neutron scattering organizations, either directly 
in the steering committee or as a reference group.  
 

 The SC is given its terms of reference by the NordForsk board. The ToR 
should be goal oriented, broadly formulated giving the SC a broad scope 
to design and define relevant and efficient activities.  

 
 The Steering Committee appoints a chair. Based on the experience from 

other Nordic programs it should be considered appointing an active “pro-
gram director” to increase program efficiency and impact. 
 

 The program should be implemented in a flexible way through competi-
tive calls organized by NordForsk or through collaboration between na-
tional organizations. 
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A Nordic Neutron Research School as a pilot initiative 
The working group proposes that NordForsk, as soon as possible, grants support 
to a Nordic Neutron Research School as a pilot initiative to kick-start the long-
term research program. There is strong support from the user community for an 
intensified Nordic collaboration in this area. A strong focus on the training of 
young scientist in the next couple of years fits very well with the opening of ESS 
around 2020.   
 
The main elements for the research school are described in the box below:  
 
 
 
 
 
 
 
 
 
 
 
 
 

PROPOSAL FOR A NORDIC NEUTRON RESEARCH SCHOOL 

 

Scope: 

‐ 3‐5 year grant, start up in 2014/15  
‐ 1,5‐2 MNOK per year (excluding funding of PhD and Post‐doc posi‐

tions, see above) 

‐ Virtual/distributed collaboration between Nordic research environ‐

ments coordinated by a larger active research environment or one of 

the national organizations  

 

Goals: 

‐ Increase the number of young users 

‐ Stimulate the use of neutrons among new groups and fields and in‐

dustry 

 

‐ Increase collaboration, efficiency and mobility in and between exist‐

ing educational efforts 

‐ Strengthen the networks between the Nordic environments, the 

new international facilities and international research groups.  
 

Potential activities: 

‐ Strengthen collaboration between Nordic educational institutions 

by systematically sharing information and ”opening up” national 

courses, programs, facilities and activities  

‐ Grant support to develop, organize and run courses 

‐ Grant support to organize summer schools, workshops, seminars 

and conferences.  

‐ Development of e‐learning and training 

‐ Development of teaching material 


