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research using neutrons.” 



The European Spallation Source ERIC 
Project Commitments 

 5 MW accelerator capability, 2.8ms long pulse, 14Hz 

 Innovative instrument suite with initially 16 instruments 

 Construction cost of 1,843 B€; Steady-State Ops at 140 M€/year 



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

2014 
Construction work 
starts on the site 

2009 
Decision: ESS will 
be built in Lund 

2025 
ESS construction 
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 



Construction ongoing 

July 2014 Dec 2015 Dec 2014 



Evolution of neutron sources 



The unique ESS long pulse of cold neutrons  
(E = 2.5meV) 

more cold neutrons per second than any steady state source …  
… with higher brightness than any other spallation source 
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Possibilities of pulse shaping 



The ESS Neutron Instrument Suite 

ODIN 

DREAM 

NMX 

MIRACLES 

BEER 
C-SPEC 

T-REX 

MAGIC 

BIFROST 

HEIMDAL 

FREIA 

LoKI SKADI 

VESPA ESTIA 

VOR 
15 (+1) Neutron 

Instruments (2025) 

50 m 100 m 150 m Proton  beam 

HR-NSE 

Instrument Layout (Jan 2016) 



Science Drivers for the  
Reference Instrument Suite 

Multi-Purpose Imaging 
ODIN 

General-Purpose SANS 
SKADI 

Broadband SANS 
LOKI 

Surface Scattering 

Horizontal Reflectometer 
FREIA 

Vertical Reflectometer 
ESTIA 

Thermal Powder 
Diffractometer HEIMDAL 

Bispectral Powder 
Diffractometer DREAM 

Monochromatic Powder 
Diffractometer 

Materials Science 
Diffractometer BEER 

Extreme Conditions 
Diffractometer 

Single-Crystal Magnetism 
Diffractometer MAGICS 

Macromolecular 
Diffractometer NMX 

Cold Direct Geometry 
Spectrometer C-SPEC 

Wide Bandwidth Direct 
Geom. Spectrometer VOR 

Bispectral Direct Geometry 
Spectrometer TREX 

Cold Crystal-Analyser 
Spectrometer CAMEA 

Vibrational Spectrometer 
VESPA 

Backscattering 
Spectrometer MIRACLES 

High-Resolution Spin-Echo 

Wide-Angle Spin-Echo 

Fundamental & Particle 
Physics 

life sciences magnetism & 
superconductivity 

soft condensed matter engineering & geo-sciences 

chemistry of materials archeology & heritage 
conservation 

energy research fundamental & particle 
physics 
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Outside ESS construction scope: 
• Fast neutron application (BNCT, chipIR) 
• neutron- antineutron oscilaations 
• Isotope production, material irradiation 
• µSR, neutrinos 
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Neutrons are special 

• charge neutral: deeply pene-trating 

... except for some isotopes 

• nuclear interaction: cross  section 

depending on isotope    (not Z), 

sensitive to light elements. 

• spin S = 1/2: probing magnetism 

• unstable n → p + e + νe  with life 

time τ ~ 900s , I  =  I0  e- t/τ 

• mass: n ~p; thermal energies 

result in non-relativistic velocities.  

E = 293 K = 25 meV,                   

v = 2196 m/s , λ = 1.8 Å 
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! Catalyzes the reduction of glucose to sorbitol, the first step in the alternative ‘polyol 
pathway’ of glucose metabolism 

! Highest resolution X-ray structure for a medium-sized protein (36kDa) 

! Overall more than half (54%) the H-atoms were seen, while in the active-site 77% 
of H-atoms were visible 

! Some of the key H-atoms were not seen due to their mobility (high B-factors) hence 
the protonation states of key active-site residues were unknown 

Tertiary structure of 

hAR 
Active-site region of hAR 

Plot of % visibility of H-

atoms in hAR vs B-factor of 

bonded atom  

Blakeley et al 

MAGNETISM
SCIENTIFIC HIGHLIGHTS

Coexistence of long-ranged magnetic order
and superconductivity in the pnictide
superconductor SmFeAsO1− xFx (x = 0, 0.15)

6000 barns, nearly 2.5 times that of cadmium) yields a 1/e 

thickness for SmFeAsO of about 80 mg/cm2, precluding the use 

of conventional sample holders. 

We used a recently developed large-area single-crystal flat-

plate sample holder [4] to place about 1.6 g of material in the 

neutron beam. The scattering measurements were carried out at a 

wavelength of 2.417 Å on the D20 thermal powder diffractometer 

at the ILL. For each sample, data sets were obtained at 1.6 K and 

10.0 K with counting times of 10 hours (SmFeAsO) and 15 hours 

(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 

patterns at 10 K (figure 1a) were fitted to establish scale factors, 

lattice parameters and the instrument profile function. These were 

then fixed while the difference patterns (1.6 K−10 K) were fitted 

to obtain the magnetic structure. All refinements of the neutron 

diffraction patterns employed the FullProf suite [5, 6].

The samarium moments were found to order antiferromagnetically 

along the c−axis in a G-mode which has a + − + − moment sequence. 

This structure corresponds to the Cm'm'a' group. Figure 2a shows 

a representation of the derived magnetic structure of SmFeAsO at 

1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 

yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 

yields a closely related magnetic structure (Shubnikov magnetic 

space group: P4/n'm'm') and a Sm moment of 0.53(3) µB.

The most significant aspect of the pattern shown in figure 1d 

is not that SmFeAsO and SmFeAsO0.85F0.15 adopt closely related 

magnetic structures, but rather, that the samarium moments are 

magnetically ordered in a superconducting sample (this sample 

exhibits a Tc of 53.5 K) and that the samarium moments are 

essentially the same in both compounds. This provides direct 

confirmation that antiferromagnetic order and superconductivity 

co-exist in the SmFeAsO/F system [7]. 

We will be extending this project to the GdFeAsO system which 

should be easier to work with as while gadolinium has a much 

higher absorption cross-section it also has a larger moment, 

making the magnetic signal much easier to see.

High-intensity two-axis diffractometer D20
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Figure 2: (a) The samarium magnetic structure of SmFeAsO at 1.6 K.

The layered nature of both the chemical and magnetic structures

is emphasised by showing two unit cells in the b direction. 

(b) A projection of the magnetic structure onto the basal plane shows 

the relationship between the magnetic structures of SmFeAsO

and SmFeAsO0.85 F0.15 at 1.6 K. The black discs mark the samarium 

atoms on the z = 0.137 plane that have their moments pointing “up”,

while the green discs denote samarium atoms on the z plane that 

have their moments pointing “down”. Four unit cells of the smaller 

(tetragonal, P4/n'm'm') form of SmFeAsO0.85 F0.15 each containing 

two samarium atoms (one each of black and green) are shown by 

the magenta lines, while the relationship to the larger (orthorhombic, 

Cm'm'a') cell of SmFeAsO that contains four samarium atoms is 

shown by the grey lines.

Note: The orthorhombic basal lattice parameters differ by only

0.7 % and cannot be distinguished here.
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E. Ressouche -  Ecole Neutrons et magnétisme – JDN 20 (18 - 22 mai 2012) 

EXEMPLE : TPV FREE RADICAL 

• TPV : free radical made of C (green), N (blue) and H (yellow). Carries a spin !  

Where is the spin ? 

MAGNETISM
SCIENTIFIC HIGHLIGHTS
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Coexistence of long-ranged magnetic order
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superconductor SmFeAsO1− xFx (x = 0, 0.15)
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(SmFeAsO0.85F0.15 ) for each temperature. The purely nuclear 

patterns at 10 K (figure 1a) were fitted to establish scale factors, 
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then fixed while the difference patterns (1.6 K−10 K) were fitted 
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The samarium moments were found to order antiferromagnetically 
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a representation of the derived magnetic structure of SmFeAsO at 

1.6 K. Fitting the section of the diffraction pattern shown in figure 1b 

yields a samarium moment of 0.60(3) µB for SmFeAsO at 1.6 K. 

A similar analysis of the SmFeAsO0.85 F0.15 data shown in figure 1d 
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WHERE ARE THE ATOMS 
AND WHAT DO THEY DO? 



Scattering based on  
Momentum and Energy conservation 



Length and Energy Scales 

Partner(Day(Belgium

February(2014

5

4

Figure2.1: Usingneutronsand complementary techniquestoexploredi↵erent length and timescales. The

horizontal axes indicatereal and reciprocal length scales, while thevertical axesrefer to timeand energy

scales. Scientific areas falling within di↵erent length and time scales are indicated along the edges.The

experimentally accessible areas of the various neutron-based techniques available at ESS are shown as

polygons in strong colours. Those techniques that are sensitive to both time and length scales are rep-

resented abovethemain horizontal axis; those that measureonly length-scalesbelow. In addition to the

neutron-based techniques covered by ESS, the analogous areas for a selection of complementary experi-

mental techniques are shown in grey. Areas labelled “Hot Neutrons” refer to neutron-based techniques

which will not beavailableat ESS.

dynamics in parallel, and in thepurely structural methodsfound below thehorizontal axis.

Techniques are often complementary rather than competitive when their temporal and spatial scales

overlap, becausespatial and temporal needsarenot thesoledeterminantsof usefulness. Di↵erent probes

accessdi↵erent kindsof information, sothemethodsof Figure2.1areoftenused incombination, unleashing

powerful synergies. The particular strengths of neutrons include sensitivity to light elements such as

hydrogen, the ability to distinguish between di↵erent elements, the non-destructiveness of the beam in

terms of sample integrity, the power to probe magnetic structure, and the capability to penetrate many

materials, making possible the investigation of samples in a wide range of relevant sample environment

set-ups that would stop other forms of radiation. These strengths are discussed further in Section 2.2.

A combination of di↵erent approaches and techniques is necessary to answer many scientific questions.

Moreover, the continuously evolving landscape of available tools drives the continuing need to try and

test new combinationsof experimental techniques. Multi-probeexperiments that combinedi↵erent probe

techniques on the same site are becoming increasingly possible – for example, using both Raman and

neutron scattering. Therearemany examplesof combined studies.

Studies of polymer relaxat ion processes that exploit neutron spin-echomethods, light scattering,

Saturday, April 26, 14
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North 
America 

Australia 

Asia 

Europe 

Russia 

European Community 
 5000 - 6000 researchers 
 2000 publications per year 

data: ESFRI, KFN 



Neutron use per science topic  
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structure + 
chemistry 

materials 

magnetism 

Liquids + glasses 

soft matter 

Life Science 

nuclear 
physics 

applied + 
instrumental 

theory 

data: ILL 



 Formation of nano-MOF-5 in the 
 presence of a modulator 

Zacher et al. (ILL 2014) 

Metal organic frameworks (MOF): hybrid materials with organic and inorganic components 
 
Large internal surfaces: promising candidates for gas storage, gas separation and catalysis. 
 
Contrast matching  using (partly) deuterated compounds reveals shell around the MOF 
 
The modulator wraps around nanoparticle. 
 

environment, energy 



 Neutrons for Energy Research 

Real-time neutron diffraction studies of electrode materials for Li-ion batteries. 
 
Neutrons are sensitive to light elements light lithium. 
 
High intensity powder diffraction reveals lithium extraction / insertion in electrode material. 

Bianchini and Suard (ILL 2014) 

energy 



 Stress around fatigue cracks 
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 / 1e-6

Fatigue + Creep Crack in 25mm Austenitic steel 

Exploring the boundaries of spatial 

resolution achievable in real materials 

engineering components.  

 

Using combinations of in-situ 

techniques: imaging & diffraction, in-

situ loading, high-temperature…   

A Steuwer et al, J Appl Crysts (2004) 

new materials, mobility 



Neutron use per science topic  
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structure + 
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materials 

magnetism 

Liquids + glasses 

soft matter 

Life Science 

nuclear 
physics 

applied + 
instrumental 

theory 

data: ILL 



• Neutron scattering techniques are unique and 
complementary to lab methods and other scattering 
probes. 

 

• Neutron scattering techniques have answered many 
questions in many science areas  

• … addressing the grand challenges of our society 

• … and the science case for neutrons is freshly written 
every day.  

 

• Strong European Scientific Community is mobilized and .... 

• … we are building ESS together now to meet our needs.  
 

Conclusions 


