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An overview is presented of the European Fusion File (EFF) and the European Activation File
(EAF) efforts which aim at developing qualified nuclear data bases and validated computational
tools for nuclear calculations of fusion systems tailored to the specific needs of the European fusion
programme. The related tasks are conducted in the frame of the Fusion for Energy (F4E) work
programme and are devoted to the evaluation, processing, testing and benchmarking of required
nuclear cross section and uncertainty data, the development of computational tools for sensitivity/uncertainty calculations, and to conduct integral benchmark experiments exploiting also new
measurement techniques. The data evaluations are integrated into the Joint Evaluated Fission
and Fusion File (JEFF) after having passed a series of qualification tests including their validation
through computational analyses of integral benchmark experiments.
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I. INTRODUCTION
The long-term aim of the fusion programme is to make
available, as early as possible, fusion power as a source
of electric energy [1]. The roadmap leading to a commercial fusion power plant (FPP) assumes the operation of the ITER experimental [2] device as the essential
next step, followed by a demonstration (DEMO) power
plant with no commercial objectives. The succeeding
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PROTO would then be designed as a credible prototype
for a power producing fusion reactor. The IFMIF intense neutron source [3] is assumed to be constructed
and operated in parallel with ITER with the objective
to test and qualify the materials for the high neutron
fluences anticipated for DEMO and PROTO. Breeding
blanket concepts developed for DEMO and FPP will be
tested in ITER to check and verify the design concepts
and prove their performance for fusion power operation.
ITER and IFMIF are thus considered as essential “next
step” devices in the broader approach (BA) to fusion
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power [4].
Neutronics and nuclear data have an essential role
to play in this strategic approach. The availability of
qualified computational tools and nuclear data for the
neutron transport simulation and the calculation of relevant nuclear responses is a pre-requisite to enable reliable design calculations. The European Fusion File
(EFF) and the European Activation File (EAF) efforts
aim at providing such tools and data tailored to the specific needs of the European fusion programme. The related task areas are devoted to the evaluation, processing, testing and benchmarking of required nuclear cross
section and uncertainty data, the development of computational tools for sensitivity/uncertainty calculations,
and to conduct integral benchmark experiments exploiting also new measurement techniques. The data evaluations are finally integrated into the Joint Evaluated
Fission and Fusion File (JEFF) [5] after having passed
a series of qualification tests including their validation
through computational analyses of integral benchmark
experiments.
The following overview describes the recent European
efforts in this field conducted previously in the frame
of the integrated fusion materials and technology programme of the European Fusion Development Agreement (“EFDA”), and lately (since 2009) in the frame
of the work programme of the European Joint Undertaking for ITER and the Development of Fusion Energy
(“Fusion for Energy, F4E”).
II. NUCLEAR DATA FOR FUSION
TECHNOLOGY APPLICATIONS
1. Nuclear Cross Sections for Fusion and IFMIF

Neutron cross section data must be available for all
nuclides constituting the materials to be used in a fusion device and must cover the neutron energy range up
to 14 MeV. A major feature is the importance of inelastic neutron reactions, which require the use of doubledifferential cross-section data to properly describe the
energy-angle distributions of emitted secondary neutrons. Photon production and interaction data must be
included in the nuclear data libraries for use in coupled
neutron-photon transport calculations. In addition, specific nuclear response data are required such as tritium
production, kerma factors, gas production and radiation damage. Activation and transmutation cross section data must be available for the isotopes of all stable
elements that may be present in the materials including
impurities and tramp elements. Covariance data are required to enable the assessment of uncertainty margins
of the important nuclear responses.
Specific requirements for IFMIF nuclear analyses relate to the availability of neutron cross section data in
the high energy tail of the neutron spectrum which extends up to 55 MeV. Special care must be devoted to
data which are of highest importance for the material

behaviour under irradiation in IFMIF such as gas production data and the recoil spectra required for the displacement damage calculations as well as activation and
transmutation data. This includes also the deuteroninduced activation cross sections. Since IFMIF utilizes
the d-Li reaction for the neutron generation, d+6,7 Li
cross sections are required up to the incident deuteron
energy of 40 MeV.
2. Materials

There is a variety of materials present in a complex
fusion device such as ITER. This includes e.g., materials of the Test Blanket Modules (TBM), the plasma
facing components, the shield modules, the vacuum vessel, the super-conducting magnets, the bio shield as well
as many other components. TBM materials include Be
(neutron multiplier), Li4 SiO4, Li2 TiO3 , Pb-Li (breeder),
the Eurofer reduced activation steel (Fe, Cr, W, Ta, V,
Mn, C, and minor elements) and the He coolant. Since
the near-term focus is on the TBM design, the elements
Be, Pb, Li, Si, O, Fe, Cr, W, Ta, Cu, Ti are considered as
high priority elements for which well qualified evaluated
data sets are required.
Eurofer is the material of highest importance for
IFMIF that will be irradiated in the high flux test module up to a target fluence corresponding to 150 dpa per
year. Other materials such as SiC, V/V-alloy, divertor materials (e.g., W), are considered for irradiation as
well. According to the elemental composition of Eurofer
the highest priority is assigned to the data of the main
constituents Fe, Cr, W, V, Mn, C and Ta.
3. General Purpose Nuclear Data Evaluations

The focus of the evaluation effort for general purpose
nuclear cross section data in the EU fusion programme
has been on 182,183,184,186 W [6], 181 Ta [7], 55 Mn [8], and
most recently, 50, 52, 53, 54 Cr [9] covering the full energy
range up to 150 MeV neutron energy.
In the previous evaluations on the W isotopes, 181 Ta
and 55 Mn, performed in the framework of the EFDA
work programme until 2009, the nuclear model codes
ECIS96 [10] and GNASH [11], respectively, were used
for optical model calculations and for nuclear reaction
cross section calculations including the pre-equilibrium
emission of multiple particles. Figure 1 shows, as example, a neutron emission spectrum evaluated for 181 Ta at
14 MeV incident neutron energy.
Enhanced efforts have been spent on the general purpose data evaluations for the stable W isotopes to optimize their performance for fusion applications and complement them with co-variance data up to 150 MeV. Two
different approaches have been followed. The one applied by JSI, Josef-Stefan-Institute, Ljubljana [12], relies
on nuclear model calculations with the EMPIRE code
[13]. Covariance data generated by the Monte Carlo
technique are fed into the GANDR system [14] using
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Fig. 1. (Color online) Neutron emission spectrum of 181 Ta
at 14 MeV incident neutron energy.

Fig. 3. (Color online) α-particle emission spectrum of 50 Cr
at 14.8 MeV incident neutron energy.

Fig. 2. (Color online) 188 W(n, n0 ) cross section obtained
with the UMC approach accounting for model and experimental uncertainties.

Fig. 4. (Color online) 55 Mn(n, 2n) cross sections and uncertainties from model defects according to GENEUS predictions.

experimental data to constrain the uncertainties. The
one applied lately by KIT, Karlsruhe Institute of Technology, [15] utilizes the Universal Monte Carlo (UMC)
approach [16] to generate covariance data taking into account both nuclear model and experimental uncertainties as implemented in the BEKED code system [17]. As
an example, Fig. 2 shows the inelastic scattering cross
section for the 121 keV level of 188 W obtained with the
UMC approach.
The focus of the latest evaluation effort, performed
since 2009 in the frame of the F4E work programme, was
on the Cr isotopes following a new methodological approach to arrive at a consistent set of cross section data
including the covariances. In this approach, the TALYS
code [18] is employed for the nuclear model calculations,
providing also the prior evaluation for the UMC technique with the BEKED system for generating the covariance data from model uncertainties. The TALYS
calculations for the Cr isotopes employed well adjusted
optical models, the superfluid model for the nuclear level
densities and an ad-hoc implemented geometry depen-

dent hybrid (GDH) model for the improved description
of the particle emissions in the pre-equilibrium state.
Figure 3 shows an example of the resulting α-particle
emission spectrum obtained for 50 Cr.
The resonance range was also revised by adopting a
new set of resonance parameters generated by L. Leal et
al. on the basis of new capture cross sections and transmission measurements performed at ORELA on natural
Cr in the energy range 10 eV to 600 keV [19].
A dedicated effort has been spent on advanced methods for the generation of covariance data and their inclusion in the evaluation procedure. Different computational techniques have been developed including the ones
mentioned above as well as a full Bayesian approach, developed by the Technical University of Vienna (TUW),
with a prior derived from basic principles taking into account model defects and their uncertainties, and implemented in the programme package GENEUS [20]. Figure
4 shows an example obtained by this approach for the
55
Mn(n, 2n) cross section.
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4. Activation Cross Section Data

A major evaluation effort is conducted in the EU on
the production of a qualified activation data library for
fusion inventory calculations. This has led to the various versions of the European Activation File (EAF) with
the latest official EAF-2007 having an extended energy
range up to 60 MeV [21]. The EAF-2007 activation file
thus satisfies the needs for activation calculations of the
IFMIF neutron source and contains cross section data for
65,565 neutron-induced reactions on 816 targets. EAF2007 includes also deuteron- and proton- induced activation data libraries. These libraries are mainly based
on model calculations with TALYS using default global
parameters. EAF-2007 includes further simple uncertainty data for all the neutron-induced reactions, decay
data for 2,231 nuclides as well as subsidiary data files
covering for example biological hazards.
The most recent version of the activation data library,
EAF-2010, was produced in the frame of the F4E work
programme. It includes a revision of all reaction channels supported by experimental data, updates and revisions of the capture, the threshold reaction and the uncertainty data [22]. Feedback from statistical analyses
and integral validation analyses was utilized to further
improve the quality of the activation cross section data
covering the energy range up to 60 MeV.

Fig. 5. (Color online) C/E comparison for the tritium
produced in the Li2 CO3 pellets of the HCLL TBM mock-up
experiment, calculations performed with JEFF-3.1 nuclear
data [24].

III. BENCHMARKING AND VALIDATION
1. Breeder Blanket Mock-up Experiments

The recent validation effort in the EU has been on
neutronics TBM mock-up experiments with the main
objective to check and validate the capability of the neutronic tools and data to predict reliably the Tritium
production and other nuclear responses of interest in
the TBM. Neutronics mock-ups of the HCPB (Helium–
Cooled Pebble Bed) and HCLL (Helium Cooled Lithium
Lead) TBMs were irradiated at the Frascati Neutron
Generator (FNG) and at the neutron generator of the
Technical University of Dresden (TUD).
The first validation experiment of this kind was performed on a neutronics TBM mock-up of the HCPB
breeder blanket [23] consisting of a stainless steel
box filled with alternating layers of breeder material
(Li2 CO3 ) and neutron multiplier (Be). The tritium generated during irradiation in a series of Li2 CO3 pellets
was found to be underestimated by 5 to 10% on average,
when using both JEFF-3.1 and FENDL-2.1 data.
The follow-up neutronics breeder blanket benchmark
experiment was on a mock-up of the HCLL TBM [24].
The experiments comprised again irradiations at the
FNG and TUD laboratories including measurements of
the tritium production with different techniques, measurements of dedicated reaction rates using the activation foil technique, and measurements of fast neutron/photon flux spectra and of time-of-arrival spectra

Fig. 6. (Color online) HCLL TBM mock-up experiment:
Comparison of measured and calculated fast neutron flux
spectra.

of slow neutrons. In this case, a very good agreement
between calculation and measurement was obtained for
the tritium produced in Li2 CO3 pellets, see Fig. 5. The
same good agreement was obtained for the reaction rates
measured by means of activation foils inside the mock-up
with C/E ratios very close to unity.
The fast neutron and photon flux spectra measured
at two positions inside the HCLL TBM mock-up with a
NE-213 detector showed also good agreement with the
calculations, see Fig. 6. The same good agreement was
found for the time-of-arrival spectra of slow neutrons
measured with a 3 He counter at the same locations.
2. Validation of Activation Data

A major effort has been conducted on the validation of
fusion relevant activation cross sections using EAF-2007
[25]. The results were used to update and improve the
activation data for the current version EAF-2010 [22].
An example of a validated reaction is given in Fig. 7
for the reaction 51 V(n,α)48 Sc showing the C/E ratio of
the library to experimental cross section data averaged
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Fig. 7. (Color online) Integral data for the reaction
V(n,α)48 Sc using EAF-2007 cross section data.

in different spectra. The band indicates the uncertainty
of the EAF-2007 cross section data.
The recent experimental programme to validate the
activation cross section data for fusion applications comprised measurements of the induced γ-radioactivities on
Er, Ti and Li2 TiO3 [26] and IFMIF relevant activation
experiments on Bi and Au with a quasi-mono energetic
neutron source up to 35 MeV [27].
IV. CONCLUSIONS AND OUTLOOK
The EU is conducting a unique effort on the development of qualified nuclear data dedicated to fusion technology applications. This includes evaluation and benchmarking efforts as well as integral benchmark experiments. Such activities are performed in the framework
of the F4E work programme with participation of various European research institutions.
The F4E programme addresses, among others, general
purpose data evaluations of Mn, Ta, Cr and Cu isotopes
with emphasis on covariance data generated on the basis
of experimental and nuclear model uncertainties. A
major evaluation effort is conducted on the production
of a qualified activation data library. A dedicated
experimental effort is devoted to the exploitation of new
measurement techniques in preparation for nuclear experiments on the TBM in ITER to check the simulation
predictions.
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