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ESS	construcOon	status	
milestone:	20%	construcOon	complete	



ESS	construcOon	status	

A	recent	milestone	–	tunnel	ready	for	installaOons	
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ESS	Timeline	and	Milestones	

2014	
Construc.on	work	
starts	on	the	site	

2009	
Decision:	ESS	will	
be	built	in	Lund	

2025	
ESS	construc.on	
complete	

2003	
First	European	design	
effort	of	ESS	completed	

2012	
ESS	Design	Update	
phase	complete	

2019	
First	beam	on	target	

2023	
ESS	starts	
user	program	



ESS:	A	European	Science	Project	



Project	Commitments	

þ  5	MW	pulsed	neutron	source,		
brightest	neutron	source	

þ  22	world	leading	instruments	

þ  Construc.on	cost	of	1,843	B€	

þ  Steady-State	Ops	at	140	M€/year	
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ESS	–	A	science	tool	
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But	why	neutrons,	what	can	they	do	for	us?	
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ESS	-	Bridging	the	Neutron	Gap	

•  ESS	will	be	more	powerful	and	several	Omes	brighter	than	exisOng	faciliOes	
•  Complements	exisOng	neutron	scalering	faciliOes	
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The	ESS	Neutron	Instruments	

ExperOse	in	neutron	scalering	and	instrumentaOon	



Small	neutron	sources	

250kW	TRIGA	Mark-II	Reactor	
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present recent progress on a data analysis software and application activities of the Bragg-edge 
transmission imaging at HUNS. 

HUNS is a compact accelerator-based short-pulsed cold neutron source. A coupled moderator is 
usually used to increase neutron flux at sample/detector position. For this reason, the wavelength 
resolution is not so good, about less than 3% for 0.4 nm wavelength neutrons. Thus, it is not so easy to 
observe shift of a Bragg “edge” caused by strain. On the other hand, it is relatively easy to observe shape 
change of a Bragg-edge transmission spectrum caused by change of crystal orientation distribution 
(texture), and also increase of transmission intensities due to the primary extinction effect (multiple 
diffraction inside a crystallite) caused by coarse crystallites. Therefore, through pulsed neutron 
transmission experiments at HUNS, we developed a data analysis software, RITS (Rietveld Imaging of 
Transmission Spectra), for both investigation of reasons of the shape/intensity change and quantitative 
estimation of texture/crystallite size [15]. Fig. 2 shows Bragg-edge transmission spectra of various α-irons 
measured at HUNS, and the profile fitting curves obtained by the RITS code. The changes of 
shape/intensity due to texture/crystallite size are experimentally observed. Furthermore, transmission 
spectra calculated by the RITS code follow experimental data with good agreement. Through such profile 
fitting analyses with the RITS code, we successfully evaluated material parameters on texture (preferred 
orientation and degree of crystallographic anisotropy) and microstructure (crystallite size) at HUNS. Then, 
the RITS code was continuously improved, and was also adapted to strain analysis [5, 8] and crystalline 
phase analysis [16], experimentally performed at J-PARC MLF. 

So far, various applications of the 
Bragg-edge transmission imaging are also 
in progress at HUNS; for example, 
qualitative observation/imaging of phase 
transformation of Pb [17] and LBE (Pb-Bi 
eutectic) [18]. As examples using the RITS 
code, quantitative texture/microstructure 
imaging of welded α-iron plates [15], 
cultural heritage such as a Japanese sword, 
a Mg alloy and a quenched steel rod etc. 
have been already performed. It is expected 
that such application activities at 
HUNS/CANS become more active in near 
future owing to new development of 
neutron imaging detectors and data analysis 
codes. 

3.2. Neutron resonance absorption spectroscopy 

Neutron resonance absorption spectroscopy (N-RAS) using the neutron time-of-flight (TOF) technique 
is a technique to distinguish the dynamics of individual nuclides with resonance peaks on epithermal 
neutron region. The technique makes it possible to observe a motion of a particular nuclide with 
measuring the neutron resonance absorption spectrum. In the measured spectrum, the line width of the 
peak is affected by the thermal motion of the target nuclide. This ability makes N-RAS as a unique 
material research technique of an individual observation of plural nuclide [19, 20].  

One of the advantages of N-RAS is higher sensitivity than the normal neutron scattering spectroscopy 
since resonance absorption cross sections take sometimes large values. Then it was considered as suitable 
for a compact neutron source such as at Hokkaido University 45 MeV electron linac facility (HUNS). The 

Fig. 2. Bragg-edge transmission spectra measured at HUNS, and the 
profile fitting curves obtained by RITS. 
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3.3 Fundamental experiments for magnetic field imaging 

By using polarized neutron we can obtain the spatial distribution of magnetic field [23,24]. The 
magnetic field is evaluated by measuring the rotation of a neutron spin as the change of the neutron 
polarization after passing the magnetic field. With use of a 2-dimensional position sensitive detector 
coupled with the time-of-flight method we can map the spatial dependent magnetic field. The neutron 
spin rotation angle M due to the Larmor precession in a magnetic field B is expressed by following 
equation,  

 ߮ ൌ ఊ
௩ ׬ ௣௔௧௛ݏ݀ܤ         (1) 

where J is the gyromagnetic ratio of the neutron and v the neutron velocity. Therefore, a path integrated B 
value is measured from the information of M. One of unique characteristics of the pulsed neutron method 
is that one can evaluate more easily than the steady sources the absolute value of the magnetic field. So as 
to check the feasibility of the quantitative evaluation we have performed a simple coil measurement. The 
experimental setup is shown in Fig. 4.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Experimental setup of magnetic field measurement. 
 
Polarizer and analyzer are stacked bent supermirrors. The detector is 5inch-RPMT with ZnS(Ag)/6LiF 
and its pixel size is 1 mm. The flight path length is 7.78 m, and the beam size is 10 mm (W) and 20 mm 
(H). Measuring time was 30 min per measurement. The magnetic field was measured by a Hall probe, and 
the value was 3.56 mT at a current of 1.5 A. Fig. 5 shows the polarization as a function of neutron 
wavelength at three different orientations. The polarization 
was expressed by following equation. Here, O�is the neutron 
wavelength, and ni is direction cosine of the magnetic field, 
and i corresponds to x, y and z. 
 
      (2) 
 
   (3) 
  
The period of each direction is almost the same as shown. 
The magnetic field evaluated by polarizer neutron 
transmission was 3.636 ± 0.032 mT. The value is within 
95% of the Hall probe value.   

 

Fig. 5. Polarization of the three directions. 

)cos1)(1(1 2
0 M��� ii nPP

OZM P ):( frequencyonPolarizatiPZ

 
Spin Flipper Spin Rotator Spin Rotator

Sample AnalyzerPolarizer

Collimator

2D-Detector

y
x

z

Sample AnalyzerPolarizer 2D-Detector

x

172   Michihiro Furusaka et al.  /  Physics Procedia   60  ( 2014 )  167 – 174 

3.3 Fundamental experiments for magnetic field imaging 

By using polarized neutron we can obtain the spatial distribution of magnetic field [23,24]. The 
magnetic field is evaluated by measuring the rotation of a neutron spin as the change of the neutron 
polarization after passing the magnetic field. With use of a 2-dimensional position sensitive detector 
coupled with the time-of-flight method we can map the spatial dependent magnetic field. The neutron 
spin rotation angle M due to the Larmor precession in a magnetic field B is expressed by following 
equation,  

 ߮ ൌ ఊ
௩ ׬ ௣௔௧௛ݏ݀ܤ         (1) 

where J is the gyromagnetic ratio of the neutron and v the neutron velocity. Therefore, a path integrated B 
value is measured from the information of M. One of unique characteristics of the pulsed neutron method 
is that one can evaluate more easily than the steady sources the absolute value of the magnetic field. So as 
to check the feasibility of the quantitative evaluation we have performed a simple coil measurement. The 
experimental setup is shown in Fig. 4.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Experimental setup of magnetic field measurement. 
 
Polarizer and analyzer are stacked bent supermirrors. The detector is 5inch-RPMT with ZnS(Ag)/6LiF 
and its pixel size is 1 mm. The flight path length is 7.78 m, and the beam size is 10 mm (W) and 20 mm 
(H). Measuring time was 30 min per measurement. The magnetic field was measured by a Hall probe, and 
the value was 3.56 mT at a current of 1.5 A. Fig. 5 shows the polarization as a function of neutron 
wavelength at three different orientations. The polarization 
was expressed by following equation. Here, O�is the neutron 
wavelength, and ni is direction cosine of the magnetic field, 
and i corresponds to x, y and z. 
 
      (2) 
 
   (3) 
  
The period of each direction is almost the same as shown. 
The magnetic field evaluated by polarizer neutron 
transmission was 3.636 ± 0.032 mT. The value is within 
95% of the Hall probe value.   

 

Fig. 5. Polarization of the three directions. 

)cos1)(1(1 2
0 M��� ii nPP

OZM P ):( frequencyonPolarizatiPZ

 
Spin Flipper Spin Rotator Spin Rotator

Sample AnalyzerPolarizer

Collimator

2D-Detector

y
x

z

Sample AnalyzerPolarizer 2D-Detector

x

408 H. Leeb et al .

Fig. 3. Experimental set up for neutron magnetic tomography. The arrangement is in
principle the same as for three-dimensional depolarisation measurements, except for the sample
holder which must allow rotations and shifts of the sample with respect to the beam.

3. Experimental Feasibility

(3a) Parallel Beam Method
The experimental set up that is necessary to perform tensorial neutron magnetic

tomography is in principle similar to three-dimensional neutron depolarisation
facilities which are routinely used for domain structure studies of magnetic
substances (Rekveldt 1973). However, the actual implementation of this novel
technique depends crucially on the availability of a sufficiently high neutron flux.
Therefore it is meaningful to install such a set up, which is shown schematically in
Fig. 3, at a high flux neutron source such as the one at the Institute Laue–Langevin
(ILL) in Grenoble. To obtain a realistic estimate of the time needed to perform a
tomographic determination of the magnetic structure within a layer of the sample
we use the well-known parameters of the three-dimensional neutron depolarisation
instrument which is installed at the 250 kW TRIGA reactor of our university
in Vienna. In this set up the incident neutron beam is monochromatised by
Bragg reflection at a pyrolithic graphite single crystal and polarised parallel to
a static magnetic guide field B0 by a Co–Ti supermirror assembly. The degree
of polarisation of the transmitted beam is very high (about 99%). Activation of
a DC spin flip coil allows inversion of the orientation of the polarisation relative
to the field direction. The sample under investigation is placed in a field-free
region between two spin turn coil systems which by controlled Larmor spin
rotation allow orientation of the incident polarisation Pi successively in all three
directions of space and to project any component of the final polarisation vector
Pf onto the analysing direction of a second supermirror. By this procedure one
can measure successively all nine elements of the depolarisation matrix D which
connects the incident and the final polarisation vector via Pf = DPi. Confining
the beam to a small diameter and rotating the sample about a vertical axis in
principle allows one to determine the depolarisation matrices for a large number
of sample orientations, thereby yielding the set of data which is required for
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Figure 4.1 7. The HUNS facility: (left) electron linac, (right) experiment hall. 

4.1.8 iThemba in South Africa 

Quasi-monoenergetic and white neutron beams with a maximum energy of 200 MeV are produced at the 
neutron beam facility of the iThemba Laboratory (iTL) in Somerset  West, South Africa for accelerator-
driven sciences through (p, n) reactions on Li, Be, and C targets. [40] The iTL separated-sector cyclotron 
can accelerate protons from 25 to 200 MeV. TOF measurements can be carried out by increasing the time 
separation between proton bunches up to 500 ns with a beam pulse selector. Dosimeter calibrations, 
irradiation of samples, and cross section measurements can be performed at the iTL neutron facility with 
reliable monitoring and a neutron beam characterization traceable to Physikalisch-Technische 
Bundesanstalt standards. The iTL facility has been used for detector development, cross section 
measurements, and radiation biology experiments. [41] 

Table 4.1.8 Parameters of the iThemba neutron facility 

Proton cyclotron Target station Major activities 

Proton energy ranging between 25 
and 200 MeV 
200 MeV, 300 nA (selected mode at 
26 MHz) 
100 MeV, 5 PA (unselected mode ) 
Short pulse, width 1 ns  

7Li(p,n)7Be or 9Be(p,n)9B 
Quasimonoenergetic 
spectra 
1.0u104 n/s/cm2 at 
irradiation positions 

Nuclear physics 
Medical radiation 
Neutron metrology 
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specific characterization, we can design an instrument appropriate for the specific length scale. The 
Intermediate-Angle Neutron Scattering instrument, iANS, is one of such instruments. It focuses to the 
nanoscopic structure studies in metal materials. 

In Fig. 1, SANS in steel samples with and without nanoscopic precipitates are shown. 
Small/medium-angle neutron scattering was measured with good enough statistics in the Q-range of 0.2 to 
5 nm-1 with the measuring time of about 6 hours. Of course Q below 0.2 nm-1 cannot be measured by this 
instrument as expected. 

The design of iANS is as the 
followings: by using a natural 
collimation defined by the moderator 
(120 mm) and sample size (14 mm), 
the incident collimation is about 10 
mrad using about 5 m of incident flight 
path. The scattered path length is also 
quite short, about 460 mm, far less than 
those of conventional small-angle 
neutron scattering instruments. Because 
this instrument uses time-of-flight 
(TOF) method, it can utilize a good 
wide wavelength band, from about 0.1 
nm and up to about 1.5 nm. By 
utilizing such wide lambda-range, it 
can measure minimum Q of around 
0.2-0.3 nm-1, and a Bragg-diffraction 
region simultaneously. 

The half-inch diameter linear 
position sensitive detector tubes 
(LPSD) made by General Electric (GE) 

are used. As a beam stop, a piece of cadmium plate is put at the center of one of the LPSD tubes. The 
beam stop has small pinholes such that very small portion of direct beam can pass through it and 
transmission can be measured simultaneously with small/wide-angle scattering. 

Instead of using a vacuum chamber for the scattered path, a helium gas chamber is put in between the 
sample and the detector. A proper vacuum chamber is also under development. 
 

3. New developments for pulsed neutron imaging 

3.1. Crystallographic structure analysis 

The pulsed neutron Bragg-edge transmission imaging is expected to be a new 
crystallographic/metallographic analysis tool that can obtain different information from SEM-EBSD, 
X-ray/neutron diffraction and synchrotron radiation microtomography. This is because this method can 
non-destructively visualize bulk material information over large area with reasonable position resolution. 
The key technologies, 2D position-sensitive neutron detectors and data analysis software, have been 
developed at HUNS, and they were exported to J-PARC [5-9]. As new 2D detectors, a 
wavelength-shifting fiber detector [10], direct-readout pixel-type detectors [11, 12], a boron-type GEM 
detector [13] and neutron image intensifier [14] were developed/tested at HUNS. Now, in this section, we 

 
Fig. 1. SANS in steel samples with (filled markers) and without (open 
markers) nanoscopic precipitates. 

 

to highlight the other segment. A comparable picture results from NT of granite (Fig. 4). The 
mineral biotite is shown while the other mineral components such as quartz and feldspar show 
properties similar to that of the pumice glass. 
 

 
Fig. 3: 3D reconstructed NT images of pumice from different views (240 projections taken with 
10 seconds exposure time each); first and fourth images (from left side) taken from different 
views are without segmentation, the further images are with two segmentations indicating pumice 
(grey) and biotite (yellow, the pumice segment was cut slice by slice to show only the biotite 
segment in the last image).  
 
Fig. 4a shows the radiography images of neutrons and X-rays respectively. Biotite is seen in both 
radiographies due to its Fe and hydrogen content. Therefore, no specific difference can be 
visualized between both radiography images in Fig. 5a. Fig. 5b shows the distribution of biotite 
within the granite step by step from left to right. 
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Fig. 5. Electron microscopy image (left) of a cellulose fibre and neutron scattering data obtained 
by ultra-small-angle neutron scattering at the set-up in Vienna with a sample of a few hundred fi-
bres (right). 

 
 
 

   
 

Fig. 6. Electron microscopy image (left) of a periodic grating at the surface of a silicon wafer and 
corresponding neutron diffraction pattern obtained at the set-up in Vienna (right). 

 
 
 

  
 

Fig. 7. Layout of a Bonse-Hart camera with neutron polarization option (PUSANS) provided by 
magnetic prisms (left). Separation of the two neutron spin states is caused by their different neu-
tron-optical index of refraction within the magnetic field. Instrument curves, which exhibit a dou-
ble-peak structure where each peak consists of polarized neutrons, are shown on the right for one 
and two magnetic prisms inserted and compared to the single-peak instrument curve without po-
larization option. 
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specific characterization, we can design an instrument appropriate for the specific length scale. The 
Intermediate-Angle Neutron Scattering instrument, iANS, is one of such instruments. It focuses to the 
nanoscopic structure studies in metal materials. 

In Fig. 1, SANS in steel samples with and without nanoscopic precipitates are shown. 
Small/medium-angle neutron scattering was measured with good enough statistics in the Q-range of 0.2 to 
5 nm-1 with the measuring time of about 6 hours. Of course Q below 0.2 nm-1 cannot be measured by this 
instrument as expected. 

The design of iANS is as the 
followings: by using a natural 
collimation defined by the moderator 
(120 mm) and sample size (14 mm), 
the incident collimation is about 10 
mrad using about 5 m of incident flight 
path. The scattered path length is also 
quite short, about 460 mm, far less than 
those of conventional small-angle 
neutron scattering instruments. Because 
this instrument uses time-of-flight 
(TOF) method, it can utilize a good 
wide wavelength band, from about 0.1 
nm and up to about 1.5 nm. By 
utilizing such wide lambda-range, it 
can measure minimum Q of around 
0.2-0.3 nm-1, and a Bragg-diffraction 
region simultaneously. 

The half-inch diameter linear 
position sensitive detector tubes 
(LPSD) made by General Electric (GE) 

are used. As a beam stop, a piece of cadmium plate is put at the center of one of the LPSD tubes. The 
beam stop has small pinholes such that very small portion of direct beam can pass through it and 
transmission can be measured simultaneously with small/wide-angle scattering. 

Instead of using a vacuum chamber for the scattered path, a helium gas chamber is put in between the 
sample and the detector. A proper vacuum chamber is also under development. 
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