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Abstract

We propose to build an interdisciplinary platform for non-destructive analysis 
and imaging with neutrons. The project regroups an instrument already 
available at ILL, SALSA, with a new one for Neutron Tomography coupled to 
Prompt-Gamma Neutron Activation (PGNA) as well as partial usage of another 
proposed instrument, FIPPS. The focus of the proposition is the versatility of 
high spatial resolution and energy-selective neutron tomography to provide 
a rapid and precise 3D morphological map of an object as well as indirect 
information on its 3D elemental and structural composition through the scan of 
Bragg-edges in transmission. Coupled to PGNA imaging and the strain analysis 
power of SALSA, the aim of the platform is to answer key questions occurring 
in geological, metallurgical, engineering and medical fields, material research 
and cultural heritage. 

Motivation

The analysis of material often requires the combination of several 
different methods and the ILL offers very powerful instrumentation for 
many fields and questions. But when it comes to the inspection of real 
objects, such as engineering components, medical implants, archaeological 
artefacts, geological samples and many more, 2D or 3D analysis with well-
defined spatial resolution is required. Except for strain imaging (SALSA) there 
is a lack of experimental tools at the ILL. Additionally to spatial resolution, 
more and more experiments at the same time require time resolved acquisition 
for in-situ studies. For instance tracing of infiltration processes, thermal 
treatment, solidification processes, and all this performed in large objects.  
Therefore we propose to extend the non-destructive analytical power of the ILL 
to 3D and 4D (position and time resolved) imaging by setting up a platform 
combining existing and new instruments. This would be done by: (i) extending 
SALSA to three-dimensional strain, phase and texture analysis; (ii) setting up 
a world-class imaging station for high resolution radiography and tomography 
coupled to a PGNA station for element analysis on the same beam line; (iii) a 
partial exploitation of the detection power of the instrument FIPPS for element 
imaging of large and complex objects; (iv) exploiting the resources of FAME38 for 
surface imaging, sample alignment, experiment preparation and performance. 
Some examples shall illustrate how user communities would take advantage of 
this instrument suite:

Stress and texture. Additional to strain scanning, materials engineers need to 
know the crystallographic texture map inside a component, because it influences 
the mechanical properties and has to be taken into account for stress-analysis. 
Texture changes arise from forming processes, heat treatments and welding. The 
other way round, texture gives information about manufacturing. A texture map 
is therefore very interesting in the field of cultural heritage, and also in geology.

Tomography. Imaging plays a significant role in material engineering (crack 
grows, creep damage, component integrity), archaeology or cultural heritage 
(identification of production techniques), medical applications or geophysics. 
Users demand high spatial resolution. We want to achieve better than 50 
micrometres. A tomographic station with neutron energy selectivity will offer 
additional advantages. Bragg-edges strongly change the attenuation and reflect 
the structural composition of the object. Bragg-edge tomography provides 
therefore a fast 3D access (though indirect) to the structure and composition 
of the object. 

Element analysis. Prompt-gamma neutron activation (PGNA) and neutron 
diffraction (ND) offers two different aspects of the sample composition: PGNA 
provides the elemental composition of the major, minor and trace elements. ND 
provides the different crystalline phases. We propose to extend both methods to 
3 dimensional techniques. This has already been proven successful in the field 
of cultural heritage. But it offers unique insight into diffusion processes as they 
appear in materials treatment (i.e. welds, hardening) or into non-destructive 
and non-invasive characterisation of rare samples in geology or archaeology 
(i.e. meteorites, fossils) or in engineering process where interfaces in complex 
objects must be analyzed in-situ.     

In-situ studies play an important role in the characterisation of materials 
behaviour and there is a clear trend to do more such studies on components. 
It comprises temperature dependencies, dilatometry, tensile testing etc. This 
requires fast data acquisition and of course suitable sample environment. There 
is still a need of developments, since ILL equipment is only suited for small 
samples.  

Due to the already existing instrumentation, the ILL is an ideal structure for 
a full non-destructive analysis with neutrons. For the proposed applications 
neutron flux together with neutron optics are critical factors and the high flux 
available at ILL is obligatory in order to achieve the requested high spatial 
resolution, enable fast in-situ experiments and penetrate large and dense 
material. By comparison, flux available at ILL is about 25 times higher than 
at the best tomographic station on a neutron guide, where monochromatic 
radiograph requires an exposure time of about 2-5 minutes [3,4].

Description of the instruments

We propose to build a neutron tomography station with a spatial resolution 
better than 50 micrometers, at the limit of the current detection systems. 
To achieve this resolution, the neutron beam divergence must be strongly 
reduced (e.g. by placing a neutron aperture in the beam path). The size of 
the final neutron beam should not be smaller than 15 cm x 15 cm and a full 
tomography with this high spatial resolution should not exceed few hours. High 
speed radiography (< 1ms) and tomography with lower spatial resolution will 
be possible by increasing the size of the aperture or by removing it. In order to 
perform Bragg-edge tomography, we propose to add a double monochromator 
in the beam path. A possible solution is detailed in [4]. 
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We plan to install at the same beam-line a station for elemental composition 
analysis. PGNA is a non destructive nuclear method for performing both qualitative 
and quantitative multi-element analysis of major, minor, and trace elements in 
samples. It requires mainly a high-resolution gamma-ray spectrometer. It is 
essential to setup PGNA at a position with very low background of fast neutrons 
and gamma-rays. Such conditions are available at the exit of bent neutron 
guides. Different ways to extend PGNA to a full 3D technique were described 
in [1,2]. PGNA tomography is optimal in terms of beam-time and directly 
benefits from a large amount of gamma detectors surrounding the sample. 
Our proposition is therefore to add the instrument FIPPS proposed by the NPP 
group and its large detection power in our integrated platform to inspect large 
and complex objects.
SALSA provides already spatially resolved stress analysis with high resolution 
(down to 40 microns) and in large components (1m). However, it is optimized, 
and at the same time very much restricted to this application. In order to 
meet the more and more demanding requests of the materials community, the 
instrument must further develop. 
Increasing data acquisition speed is a first concern. By replacing the relatively 
small 80mm high detector by a 240mm one, already provides a gain factor of 
3 without deforming peak shape.  
Changing the data acquisition mode, such that every neutron event is stored 
with time stamp and co-ordinate, allows continuous scanning. This brings 
many advantages for e.g. temperature dependent studies (finding phase 
transformations) and is even necessary for tensile testing, which must be 
performed at constant speed. For spatial resolved texture analysis or diffraction 
tomography a set of new collimators is required. The feasibility of using a straw-
collimator has been demonstrated at T13C in 1999 [5]. A more efficient solution 
would be a collimator made of stacked cones, since it would accept larger 
divergences. Additional monochromators are required to increase the intensity 
for texture imaging (i.e. pyrolitic graphite) and extend the wavelength range 
(0.35nm) for new materials.  The position of SALSA needs to be rethought. 
Being in line with VIVALDI inhibits wavelength changes and optimisation of 
the monochromator while experiments are running on VIVALDI. This is a huge 
drawback and limits SALSA’s performance strongly. 
The development of sample environment for large samples has already been 
mentioned above. The materials science laboratory (today: FaME38) can 
maintain, organise and provide the equipment to the various instruments. 
It is therefore an important part of “neutron-CSI”.The required budget for 
“neutron-CSI” lies around 1.3 M€. This does not include neutron delivery and 
infrastructure.
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Abstract

A new technique of refractive encoding for specular reflectometry is described 
that uses the full white beam without the need for choppers.  Depending on 
the resolution, gains of many orders of flux are possible opening a new area of 
sub-second kinetics in interface research or allowing very small sample areas 
to be studied.

Motivation

A gain in exploited flux of neutrons would be of immense benefit in a 
number of ways.  At present routine measurements typically require 1 or 
a few  μg of material at an interface or in solution and this is a challenge 
for studies that would exploit proteins isolated from natural sources or even 
synthetic peptides that can be more readily prepared in amounts of 10 ng.  
Reducing the amount of sample material will be key in opening new fields 
of research in natural products, biomedical science and related fields.
A further obvious area that would benefit is in the study of time varying 
processes such as inter-diffusion and reaction kinetics.  At present reactions at 
an interface can be studied with a time resolution of 1 second can be obtained 
on Figaro at the ILL.  A gain of more than an order of magnitude in time 
resolution would allow new classes of experiments, for example with the higher 
concentrations of reagents that might be found in solutions rather than in a gas 
phase study.

Technique

The principle of refractive encoding has been outlined previously [1] and 
simply involves exploiting the dispersive power of refraction to measure the 
wavelength of neutrons.  The technique has been recently demonstrated to 
work in low resolution on the AMOR reflectometer at PSI.  The main reason for 
this was the longer sample to detector distance available there, as compared 
to ILL instruments.  There is no need to have a complex prism shape.  In this 
experiment, we used a very flat single surface of MgF2.  The layout of the 
technique is shown in Figure 1. First, in standard TOF mode, the main beam 
was measured through the prism and obtained a calibration of the deflection 
as a function of wavelength. Then we stopped the chopper open and measured 
the intensity again, this time with a gain of about 30x in intensity.  The sample 
was positioned before the prism and the reflected beam was passed through 
the prism at the same angle.
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