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Abstract
The recent developments in the field of nuclear
data evaluation for energies above 20 MeV are
outlined. As a particularly interesting applica-
tion we consider accelerator-based transmutation
of radioactive waste. The most urgent data needs
for accelerator-based transmutation have been pri-
oritized and translated in terms of intermediate-
energy data libraries. Priorities are assigned to the
materials relevant to an incineration system and
to the most important associated nuclear reactions
(notably reactions involving nucleons). In this con-
tribution, the proposed actions as indicated in pre-
vious work [1, 2] are further discussed and a sam-
ple intermediate-energy "starter" data file is pre-
sented.

Introduction

The modeling and phenomenology of intermediate-
energy nuclear reactions form an important ingre-
dient of several nuclear energy applications, such
as medical research, fusion research, astrophysics
and the production of nuclear energy with an
accelerator-driven reactor [3]. Recently, consid-
erable attention has been devoted to accelerator-
based transmutation of radioactive waste (ATW)
and the debate on its technological and econom-
ical feasibility is ongoing. In this contribution,
we restrict ourselves to the nuclear data part of
ATW-research. Eventually, the relevant available
nuclear data, which can be retrieved from measure-
ments, physical model codes and systematics, may
be collected and transformed into evaluated data
libraries, enabling a close connection between nu-
clear physics and applied calculations. This data
evaluation concept is already quite common in con-
ventional reactor physics and in this paper we inves-
tigate the feasibility of this procedure for energies
above 20 MeV. To this end, we have investigated
the nuclear data requirements for ATW and the
availability of relevant experimental data, system-
atics and model codes [1]. Next, we have specified
these data needs in terms of requirements for evalu-

ated data libraries [2]. Here, we give a brief survey
of the essential points of these studies and some
subsequent actions that have been undertaken. We
stress that virtually all aspects discussed here for
ATW are also relevant (perhaps with some minor
modifications) to other intermediate-energy appli-
cations.

Inventory of required and available
nuclear data

A study on the nuclear data needs for ATW has re-
vealed [1, 4, 5] that single- and double-differential
outgoing neutron and proton spectra of proton- and
neutron-induced reactions up to about 1500 MeV
have a very high priority. Also important are to-
tal, elastic, gamma production, fission and acti-
vation/transmutation cross sections. The relevant
nuclides for which these processes need to be inves-
tigated can be categorized as follows:

].. Actinides, in particular transuranics.

2. Target materials: Ta, W, Pb, Bi.

3. Structural, shielding, coolant and other mate-
rials : H, C, N, 0 , Na, Mg, Al, Ar, K, Ca, Cr,
Mn, Fe, Co, Ni, Cu, Zn, Zr.

In order to get insight in the present collection of
available experimental cross sections, the nuclear
reaction databases NSR has been scanned for rel-
evant measurements [1]. Following this, some rec-
ommendations have been made on the extension of
the numerical database EXFOR with high-priority
intermediate-energy data. Some of these extensions
are now being carried out [6].
The current collection of model codes that is used
to predict the various cross sections can be said
to fall apart in two categories: the intranuclear
cascade regime above about 100 MeV and the re-
gion at lower energies where a variety of specific
model codes (optical model, direct, pre-equilibrium
and compound reactions) should be applied. Fig-
ure 1 gives an indication of the most important
intermediate-energy processes. The presence of sec-
ondary particles implies that for transport calcula-
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Table 1: Directory of proton data file to 100 MeV
for 208Pb (in ENDF-6 format).

Figure 1: Intermediate-energy nuclear reaction.
The solid arrows refer to an intranuclear cascade
process (thin target; single proton-nucleus reac-
tion), whereas the dotted arrows represent the in-
ternuclear cascade process (thick target; transport
processes).

tions, nuclear data for nucleons with incident ener-
gies up to the bombarding energy are necessary.
A detailed intercomparison between nuclear reac-
tion models (and measurements) is required and an
important initiative in this direction has been pro-
vided by a recent NEA benchmark [7]. This inter-
comparison has revealed that although the predic-
tive power of many model codes is promising, fur-
ther improvements are required (even for the most
basic reaction cross sections).
A second NEA benchmark has been defined to as-
sess thick target neutron yields and target activa-
tion products. The results may yield recommenda-
tions for improved data files.

Nuclear data evaluation

The aforementioned developments in experimental
data compilation and nuclear model calculations
form an acceptable starting point for data evalu-
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ation above 20 MeV. Crucial aspects are a precise
specification of the data needs and the required ac-
curacy for the application. This could be assessed
by means of sensitivity calculations.
Anticipating these precise requests, we have inves-
tigated the required techniques and choice of pro-
cedures for intermediate-energy data evaluation [2].
As a first step, we have recommended to set up a
"starter" library up to about 100 MeV, which may
eventually be complemented with intranuclear cas-
cade codes for higher energies. For certain nuclides,
a reference library for the whole energy range (0-
1500 MeV) is helpful. Pioneering work in this di-
rection has already been performed [8, 9] and there
are plans to set up such a file in Japan [10].
In table 1, we have displayed the directory of a pro-
ton "starter" file to 100 MeV for 208Pb (which may
serve as target material in an ATW-system). This
file has been created with a new code system MIN-
GUS [11] which integrates elastic, collective, pre-
equilibrium and compound calculations for incident
energies up to 200 MeV, and transforms the re-
sults automatically into an ENDF-6 formatted file.
The adjustable multi-step direct parameter that we
used in the calculations was tuned to a few mea-
sured and calculated (p,a;p) and (p,xn) data sets
that are available [7].
For proton elastic scattering, we provisionally have
used (following [8]) the "nuclear -f interference" ex-
pansion (LAW=5, LTP=12) for the representation
of the cross section. However, this option entails
some arbitrariness in the choice of the cut-off angle
since both the Coulomb and the interference term
display singular behavior in the vicinity of zero de-
grees. Therefore, the option of a renormalized Leg-
endre expansion (LTP=2) is presently under inves-
tigation [12].
In [2], we have argued that for intermediate ener-
gies the large number of open channels no longer
enables to maintain the conventional classification



for the partial reaction cross sections. Therefore,
all non-elastic processes have been lumped in MT5,
so that MF6/MT5 now contains the total reac-
tion cross sections. In MF6/MT5, we first give
the neutron and proton yields and subsequently
the energy-angle distribution as a tabulated func-
tion (LANG=12). As an alternative option, we
may also choose the more compact Kalbach ex-
pansion (LANG=2) by specifying the (multi-step)
compound fraction of the reaction that is provided
by MINGUS. With this choice, we would over-
rule the double-differential multi-step direct calcu-
lation. Finally, we have filled MF6/MT5 with the
yields of the product nuclides using LAW=0. This
can be combined with MF3/MT5 to give the trans-
mutation cross sections. Inclusion of gamma-ray
spectra is in development.
For neutrons, the situation is somewhat more com-
plicated because of the required compatibility with
existing evaluations below 20 MeV. The obvious
strategy [8] is to adopt a low-energy file from a re-
cent data library and switch to a classification as
given in table 1 for energies above 20 MeV.
In [2], we tentatively have classified the evaluation
tasks for neutrons and protons on all relevant ma-
terials in an ATW-system.
Another useful tool in ATW-research is an activa-
tion library for energies up to about 100 MeV, in
particular for neutrons, but also for protons. This
library should contain a very large number of sta-
ble and unstable nuclides with only activation and
transmutation cross sections and without energy-
angle distributions. The purpose of this library is
to follow activation and transmutation of all prod-
ucts formed during the spallation process.

International cooperation

This work is a contribution to the subgroup on In-
termediate Energy Nuclear Data Evaluation of the
Working Party on International Evaluation Coor-
dination of the NEA Nuclear Science Committee.
The main objective of this subgroup is to assess
needs, priorities and the feasibility for an interna-
tional project to create an evaluated intermediate-
energy file. Since the present resources are rather
limited, international cooperation is mandatory for
the success of such a project.

Conclusions

We have given a brief survey of the present
status of intermediate energy data evaluation

for accelerator-based transmutation of radioactive
waste. Extension of EXFOR with relevant data
and benchmarking of model codes has now been
initiated. Further work in this direction is rec-
ommended. Several other aspects of intermediate-
energy nuclear data need to be investigated, in
particular the possibility of employing processing
codes (NJOY) and transport codes (e.g. MCNP)
at energies above 20 MeV. In sum, we can state
that the necessary ingredients for data evaluation
above 20 MeV are present. The next step is the
definition of an international evaluation program
on intermediate-energy nuclear data evaluation.
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