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Introduction 

This report underlines the progress realized by the Neutrons For Science collaboration since 
June 2008, date of the submission of the detailed technical proposal. A few words on the collaboration 
are given in paragraph �I. A project for an Irradiation cell for interdisciplinary research, previously 
included in the SRI project, is presented in paragraph �II. Then three studies are described: neutron 
transport calculation for the design of the facility (see paragraph �II), a low energy neutron production 
source (see paragraph �IV) and the development of a detector for the neutron beam monitoring (see 
paragraph �V). 

I Collaboration 

The collaboration was extended, since some physicists from the CIMAP (Caen) have joined the 
NFS collaboration in order to perform material irradiations in the converter room (see paragraph �IV). 

The signature of the SPIRAL-2 Preparatory Phase has allowed hiring two young physicists with 
post doctoral positions. 



 

 

Alan Takibayev was hired the first of December 2008 at CEA/DSM/IRFU/SPhN (Saclay) for 
1 year. Nine months are funded by the SPIRAL-2 PP and 3 months by the COPHYNU agreement 
(between CEA/DIF/SPN and CEA/DSM/SPhN). He will perform simulations in order to define the 
collimator and neutron beam dump designs.    

Stefan Herber was hired first of October 2008 at FZK/IRS (Karlsruhe) for 1 year. Five months 
are funded by the SPIRAL-2 PP and seven months by the FZK. He will collect existing data on neutron 
production, testing available reaction and transport codes and finally to design/optimize the neutron 
production with beam/energy/heat deposition/radioprotection constraints specific for NFS at SPIRAL2. 

II Irradiation cell for Interdisciplinary research at Spiral-2 

E. Balanzat, S.Bouffard, S. Guillous, J. M. Ramillon, CIMAP, Caen 

The GANIL is certainly a large installation for nuclear physics in which the interdisciplinary 
researches have a privileged situation because firstly of the presence of a dedicated laboratory 
(CIMAP) who is in charge of welcoming and of favouring the development of these researches and 
secondly, of the very wide offer of high quality beams (from the eV to GeV). The interdisciplinary 
researches cover the entire domain from the ion – atom collisions to the relaxation of materials under 
irradiation whatever is their nature and, of course, the applications of the induced effects and the tests 
of materials and components. Several important results for the understanding of matter under 
excitation directly come from the experiments performed with the ions of the GANIL. All these results 
can’t have been obtained without dedicated apparatus such as the irradiation chambers and the 
scanning magnets insuring homogeneous irradiation fluence. 

The main interests for interdisciplinary researches of the stable ion beam delivered by SPIRAL II 
are its very high flux of light ions. The design and the specifications of the converter room of the NFS 
project are well adapted for some of these experiments with the condition of extending the available 
ion beams from proton and deuterons up to carbon. 

The experiments which must need higher fluxes than these presently deliver by GANIL concern 
the production of highly damage materials in reasonable times for parametric studies. These 
researches concern mainly the experimental simulation of the aging of nuclear materials under 
irradiation. The direct beams of the linac will create homogenously with a great efficiency a large 
number of dpa (approximately 0.1 dpa/day for deuterons, 0.4 dpa/day for alpha and 0.5 dpa/day for 
carbon ions) on thicknesses of the order of one millimetre (170 µm for alpha and 100 µm for Carbon). 
This damage production is limited by the maximum flux acceptable in the cave for safety reasons 
(2 kW) and the heating of the target, with an efficient cooling. This creation of defects will be 
accompanied with a very high production of gas which, even if the rate of production is stronger than 
in the case of the neutrons, will allow the study of the effects on the mechanical properties of the 
nucleation and the growth of bubbles. For the studies of the evolution under irradiation of the 
mechanical properties, the dose should at least reach the value of several dpa: ~one irradiation weeks 
generally at high temperature. See for example the review on radiation effects on spallation targets [1]. 

Some equivalent experiments have been performed with the 23 MeV He beam delivered by the 
Jülich cyclotron on 9Cr martensitic steel which was degraded by a rotating wheel with 24 Al foils of 
different thicknesses, in order to achieve a homogeneous implantation throughout the thickness of the 
specimens. For this experiment, the samples were irradiated at 250°C up to 0.4 dpa and He content of 
about 0.25 at.% [2]. In an other experiment, EUROFER were irradiated with 34 MeV 3He to produce 
0.8 at.%/dpa [3]. 

What we need for these researches: first a point in the beam line where apparatus including an 
irradiation chamber and scanning dipoles can be implanted.  

 
[1] Radiation effects in structural materials of spallation targets  

P. Jung; Journal of Nuclear Materials, 301, (2002) 15-22 
[2] Effect of a high helium content on the flow and fracture properties of a 9Cr martensitic steel  



 

 

J. Henry et al, Journal of Nuclear Materials 367–370 (2007) 411–416 
[3] Tensile properties of candidate structural materials for high power spallation sources at high helium contents  

P. Jung et al, Journal of Nuclear Materials 343 (2005) 275–284 
 

III Neutron transport calculation for facility desi gn  

V. Blideanu, CEA/DSM/IRFU/Senac, Saclay, France 

The neutron beam quality is of prime importance for the NFS facility. The signal over 
background ratio is one of the most crucial parameter. A special attention was given to the cave maps 
that were successively proposed by the INGEROP firm. Several neutron transport calculations were 
performed in order to validate or to improve the proposed solutions. The Figure 1 and the Figure 2 
illustrate the impact of the design on the neutron background in the time-of-flight hall. Two hot points 
appear clearly: the access to the converter room from the time-of-flight hall and the neutron beam 
dump. The Figure 1, representing a preliminary option, shows the dramatic effect of a bad design on 
the neutron background. The result obtained with an improved implantation is illustrated by the Figure 
2. It appears clearly that a heavy door and a small corridor to access the converter room allows 
decreasing the neutron background in the time-of-flight hall. This map is adapted to the goal of our 
facility but an optimization of the design of the heavy gate and the neutron beam stop is needed. 

 

 

Figure 1 : Neutron flux in the converter and time-o f-flight rooms with 50 µA.  

 

 

Figure 2: Same as figure 1 with an improved geometr y . 

  



 

 

During the same period, the physicists of the SENAC have performed a study on the 
radioprotection and waste production for the SSER of SPIRAL-2.  

IV Low energy neutron production by p + Ta reaction   

A. Takibayev, CEA/DSM/IRFU/SPhN, Saclay, France 

Fast reactors play a rather important role in contemporary development of nuclear engineering 
especially in nuclear power generation and nuclear waste transmutation studies. Three out of six 
reactor designs envisioned under Generation IV are of fast reactor type. Fast reactors are among 
leading candidates to implement transmutation of nuclear waste at industrial scale due to neutron 
surplus production unattainable in typical thermal reactors. The current emphasis on fast reactor 
technologies produces a large demand for nuclear data in fast spectrum environment. The energy 
range and conditions offered by SPIRAL-2 appear to be suitable for incorporation of this task into the 
agenda of the NFS facility. 

The results to be presented are obtained by means of MCNPX Version 2.4.0 computer code 
with nuclear interaction model option ISABEL and JENDL3.3 libraries for < 20 MeV neutron transport. 

In order to produce neutrons in the fast reactor energy range one can utilize proton induced 
reactions on high atomic mass converters (Ta, W). Neutron yield of 30 MeV p + Ta reaction integrated 
over all directions is shown in Figure 3 and compared with neutron yield of 40 MeV d + C stripping 
reaction. Corresponding angular distributions are compared in Figure 4. One can see that angular 
distribution produced by p + Ta reaction is 'flatter' than angular distribution produced by d + C reaction. 
Spectra in different directions produced by 30 MeV + 0.5 cm Ta reaction are compared with those of 
40 MeV d + 2.0 cm C reaction and typical fast reactor (grey area) in Figure 5. One can observe that 
part of the spectrum below several MeV does not change significantly with direction while > 10 MeV 
part of neutron spectrum would become gradually lower. 
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Figure 3: Total neutron yield versus target thickness  

 

High atomic mass converters being incorporated into the NFS facility will enable one to perform 
integral measurements of nuclear data under the conditions close to fast reactor neutron environment. 
The quality of the neutron spectrum produced by such converters is better than that of other 
converters producing 'white' spectra (such as C and Be) due to much lower contribution from > 10 



 

 

MeV neutrons. Note that very similar results are obtained with a tungsten converter, and the final 
material will be chosen by taking into account safety constrains. 
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Figure 4: Neutron angular distribution 

 

Figure 5: Neutron spectra in different directions p roduced by 30 MeV p + 0.5 cm Ta 
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V Status of the development of the neutron flux det ector 

S. Andriamonje, R. De Oliveira (CERN)  
E. Berthoumieux, A. Giganon, I. Giomataris, F. Gunsing, M. Riallot, CEA/DSM/IRFU/SPhN, Saclay, France 
 

We have used a MicroMegas-based fission chamber as a starting point to develop a neutron 
flux monitor for NFS in order to measure the relative energy distribution of the neutron flux. The 
235U(n,f) cross section is considered as a standard at thermal energy and in the energy range from 
0.15 to 200 MeV, so covering the NFS neutron range. 

The MicroMegas technology in gaseous particle detectors, initially developed for high energy 
experiments, is nowadays successfully used in many other types of experiments. Its more recent 
application as a neutron detector requires a neutron to charged particle converter based on the 
reactions as 6Li(n,a), 10B(n,a), or fission reactions, for exemple 235U(n,f). A latest development is the 
the use of a so-called Micro-bulk concept, where an ensemble of a copper anode covered with 
insulating kapton pillars is topped with a copper micromesh. The mesh and the kapton pillars are 
created by chemically processing a doubly copper coated kapton film of typically 50 µm. Usually the 
microbulk is used on an support. We have tried for the first time to remove the epxoxy support and 
only use the 50 µm thick microbulk. The drift electrode with the neutron converter deposit is placed 
typically at a few millimeters from the microbulk. 

In Figure 6 we show the principle of the MicroMegas-based neutron flux detector. 

 

Figure 6: The principle of the MicroMegas-based neu tron flux detector. 

 

 

We have constructed a prototype of this detector with a deposit of 235U and one of 10B, shown in 
Figure 7, and tested it at the pulsed white neutron source GELINA in Geel, Belgium. 

 



 

 

 
Figure 7: A schematic view of the detector and a fi rst prototype. 

 

 
Figure 8: The first results of a test measurement w ith the prototype neutron flux detector, 

measured at GELINA in October 2008. A clear separat ion between the alpha activity and the 

fission fragments can bee seen. In the time-of-flig ht spectrum, the thermal neutron peak as 

well as the Na neutron filter are well distinguishe d. 

 
 

This very first measurement has demonstrated to work as expected. In Figure 8 we show the 
first results measured at GELINA in October 2008 from the detector with the 235U deposit in the form of 
a two-dimensional counting spectrum, showing the events as both a function of the time-of-flight and 
of the amplitude. Similar results have been obtained with a deposit of 10B. In November 2008 we have 
mounted the prototype detector at the n_TOF facility at CERN were we have measured the neutron 



 

 

flux shape during the test beam of a few hours. We plan to mount longer term experiments with the 
detector both at n_TOF at CERN and at GELINA in 2009 and 2010. More tests with this detector have 
still to be performed, in particular the geometry and adaption to the NFS neutron beam and the 
coupling to the data acquisition system to be used at NFS.  

Part of this work has been funded by the FP7 programme SPIRAL2-PP (workpackage 5.6). 

 

 


