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Abstract

New ENDF-6 formatted nuclear data libraries are presented for 70,72,73,74,76Ge, for incident neutrons and protons. Apart from the
resonance range, which we have adopted from the best available source in existing libraries, the nuclear data evaluations are completely
revised in the 0–20 MeV energy range, and moreover extend up to 200 MeV. This collection of isotopic evaluations is created by using the
nuclear model code TALYS with a consistent set of input parameters for all isotopes. The most important nuclear reaction models
needed for our data files are described. We have intended to make these evaluations complete in their description of reaction channels,
and use a consistent method to store the data in ENDF-6 format, which include cross sections, angular distributions, double-differential
spectra, discrete and continuum photon production cross sections and residual production (activation) cross sections including isomers.
It is shown that the data present in our libraries give an improved agreement with existing basic experimental data.
� 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The quality and reliability of the computational simula-
tion of a macroscopic nuclear device is directly related to
the quality of the underlying basic nuclear data. The argu-
ment that microscopic nuclear experiments and theory
development are imperative to enhance the status of applied
nuclear research is generally accepted and in fact used by
several institutes to defend their scientific program. Maybe
less transparent is how this microscopic information can
actually be applied. This brings us directly to the task of a
nuclear data evaluator, namely the provision of the quanti-

tative link between two huge fields of research: fundamental
nuclear physics and nuclear applications. This is done by
means of a so-called evaluated data file. Often, a data file
consists of a mixture of experimental data and calculated
results, computed from nuclear reaction models or even
simple systematics. As long as the contents of the data file

are in correspondence with reality, any combination of
these inputs is allowed. This is to serve the common goal
of nuclear data evaluation: to store all possible reaction
channels on a data file, with maximum quality of the cross
sections and other quantities like resonance and fission
parameters. In this paper, this will be done for all Ge iso-
topes. When it comes to nuclear data evaluation, Ge has
not yet received the same attention as the major actinides
and structural materials such as Fe, Si, etc., since their care-
ful evaluation has not been regarded as crucial for applica-
tions that have dictated nuclear data development in the
past, such as existing power reactor plants. Ge is however
an important detector material and a precise analysis of
neutron reactions, especially elastic and inelastic scattering
and the associated gamma-ray production, may have
important consequences for any application employing
Ge-detectors, such as geophysics and oil-well logging.

Through this paper, we aim to deliver a more reliable
starting point for detector simulations with new nuclear
data libraries for all Ge isotopes. This is accomplished by
using the present database for basic experimental data,

0168-583X/$ - see front matter � 2006 Elsevier B.V. All rights reserved.

doi:10.1016/j.nimb.2006.04.088

* Corresponding author.
E-mail address: koning@nrg-nl.com (A.J. Koning).

www.elsevier.com/locate/nimb

Nuclear Instruments and Methods in Physics Research B 248 (2006) 197–224

NIMB
Beam Interactions

with Materials & Atoms

mailto:koning@nrg-nl.com


the current status of nuclear reaction modeling and the cur-
rent possibilities that the evaluated nuclear data format
(ENDF-6) gives to store nuclear data in evaluated data
libraries. We have developed a consistent data evaluation
methodology for the entire 0–200 MeV energy range.
Apart from the resonance range, for which we have
adopted the best possible data from existing libraries, the
nuclear data libraries we describe here are completely
new, i.e. from the keV region up to 200 MeV. In fact, this
methodology to revise a datafile over the entire energy
range is now applied to every nuclear data evaluation pro-
ject we work on. Where possible, i.e. when integral experi-
mental data is available, we directly iterate the evaluation
process with integral validation.

The evaluated data files are based primarily on a theo-
retical analysis with the nuclear model code TALYS [1],
version 0.64. On the basis of a large suite of implemented
nuclear reaction models, this code is able to produce a
complete set of cross sections, yields, energy spectra and
angular distributions. In the evaluation process, the
nuclear model parameters of TALYS are adjusted to repro-
duce the existing experimental data, while we also include
experimental data directly if we judge these to be of better
quality than, and to significantly deviate from, our model
calculations. With additional ENDF-6 formatting soft-
ware, we produce data files that provide a complete
representation of nuclear data needed for transport, radio-
activity and shielding applications over the incident neu-
tron energy range from 10�5 eV to 200 MeV. All isotopic
evaluations are of comparable quality: For each isotope,
the same set of nuclear models is used and, equally impor-
tant, the same set of ENDF-6 formatting procedures. Of
course, nuclear model parameters differ from isotope to
isotope. The same approach has been applied to the iso-
topes of other materials: Ca and Sc [2], Pb and Bi [3], Fe
[4], Rh [5], I and Tc, which may eventually lead to a nuclear
data library with mutually consistent evaluations. All iso-
topic evaluations discussed in this paper are included in
the JEFF-3.1 data library [6]. Moreover, proton data
libraries are produced.

In Section 2, the modeling of nuclear reactions as per-
formed with the TALYS code is described in some detail.
In Section 3, the contents of our libraries are compared
with existing microscopic experimental data. Section 4 con-
tains an outline of the ENDF-6 formatting methods that
were used to store the data. Finally, in Section 5 we give
the conclusions.

2. Nuclear modeling

Nuclear model software has become indispensible in
modern nuclear data evaluation. To perform adequate
inter- and extrapolation on the energy and angular grids
per reaction channel, transport and reactor codes rely on
a complete description of a nuclear reaction in a data file,
and not only on the data that happen to be available
through measurements. The preferred method is to let a

nuclear model code generate an evaluation that is entirely
complete in its description of reaction channels: with inci-
dent and outgoing particle energies and angles on a suffi-
ciently dense grid, and all possible reaction yields. The
adjustable parameters of the nuclear model code should
be fitted to reproduce the experimental data available for
the nucleus under study. The starting point is then a com-
plete data file of reasonable, and often good, quality. Next,
this evaluation needs to be updated with the crucial exper-
imental data points with a precision that cannot be accom-
plished by the model code. This concerns always the
resolved resonance range, and sometimes the unresolved
resonance and fast neutron range (especially for light and
fissile nuclides). Thus, the model code ensures the com-
pleteness of the data file, and the model code + experimen-
tal data the highest possible quality, i.e. realistic values, of
the data file at a given moment in time. The process needs
to be repeated whenever better versions of the model code
and more precise experimental data become available. If
the methodology is well-automated and properly quality
assured, such revisions will take much less time than the
first evaluation (which we present in this paper).

2.1. TALYS code

TALYS is a computer code system for the prediction
and analysis of nuclear reactions. TALYS simulates reac-
tions that involve neutrons, gamma-rays, protons, deute-
rons, tritons, helions and alpha particles, in the 1 keV to
200 MeV energy range and for target nuclides of mass 12
and heavier. This is achieved by implementing a suite
of nuclear reaction models into a single code system. It
enables to evaluate nuclear reactions from the unresolved
resonance region up to intermediate energies. The evalua-
tions described in this paper are based on a theoretical
analysis that utilizes the optical model, compound nucleus
statistical theory, direct reactions and pre-equilibrium
processes, in combination with databases and models for
nuclear structure. Fig. 1 summarizes the nuclear models
implemented in TALYS. The following output that is pro-
duced by TALYS is stored in the nuclear data files:

• total, elastic and non-elastic cross sections,
• elastic scattering angular distributions,
• inelastic scattering cross sections and angular distribu-

tions to discrete states,
• exclusive channel cross sections, e.g. (n,c), (n,2n),

(n,np), . . . , energy and double-differential spectra,
• gamma-ray production for discrete states and

continuum,
• isomeric and ground state cross sections,
• residual production cross sections,
• total particle cross sections, e.g. (n,xn), (n, xp), . . . ,

energy and double-differential spectra.

Besides the ENDF-formatted data file, all data is also
produced in easily readable files, per reaction channel,
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