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Evaluated data libraries are the foundation of physics modeling in Monte Carlo particle transport
codes, such as Geant4, FLUKA and MCNP, which are used in high energy and nuclear physics
experiments, accelerator studies and detector development. They encompass recommended cross
sections, nuclear and atomic parameters, which may derive from theoretical calculations, evalua-
tions of experimental data or a combination of both. New versions of major, widely used evaluated
data libraries were released in early 2018 by the IAEA (International Atomic Energy Agency)
and the NNDC (National Nuclear Data Center, BNL); among them, the new data libraries for
electron-photon transport represent substantial evolutions with respect to those currently in use,
which date back to more than 20 years ago. The changes concern both the physics content and the
data structure, which in turn affect the physical the reliability and the computational performance
of simulations. The main features of the new data libraries are summarized, with emphasis on
what has changed, along a first assessment of their physics quality and of their effects on compu-
tational performance in the Geant4 environment. These results provide quantitative and objective
elements for developers and users of Monte Carlo codes to evaluate the impact of migrating sim-
ulations to new data libraries on sound grounds. The assessment also highlights opportunities for
improvement in future releases.
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1. Overview

Evaluated data libraries play a fundamental role in Monte Carlo particle transport. ENDF/B-
VIII.0 [1] includes new photo-atomic and electro-atomic interaction data, and atomic relaxation
data taken from EPICS2017 [2, 3, 4]. The atomic ENDF/B components are based on three data
libraries, EPDL (Evaluated Photon Data Library) [5], EEDL (Evaluated Electron Data Library) [6]
and EADL (Evaluated Atomic Data Library) [7].

The major change in EPICS2017 concerns EADL atomic binding energies. The new data
derive from two compilations, which produce more accurate results than the original EADL in
the test scenarios documented in Ref. [8]. Differences are also present in the total cross sections
of photon coherent scattering, electron kinetic energies and EEDL excitation data. Very small
differences between EPICS2017 and previous releases concerning other data sets can be attributed
to roundoff errors.

According to Ref. [3] and [4], the number of data tabulated in the electron and photon data
libraries has been increased for the data to be linearly interpolated; nevertheless, not all the data are
tabulated with a larger number of energy points.

2. Assessment the new releases

Inconsistencies related to the modification of atomic binding energies have been observed: in
some cases they could result in energy non-conservation in Monte Carlo particle transport. Incon-
sistencies are also present in the spectra of secondary electrons generated by electron ionisation.
Shortcomings of the transition probability values tabulated in EADL are extensively documented
in [9] and [10].

Shortcomings in the configuration management of the data libraries released in 2018 have
been observed; they affect version control in the experimental application that use them and, con-
sequently, the reproducibility of results, which is an essential requirement of the scientific method.

The increase of the size of tabulated data to allow their linear interpolation affects the com-
putational performance of the software systems that use the new data libraries. The effects are
documented in [10].

Validation tests concerning the previous versions of EEDL, EPDL and EADL are documented
in the literature [8, 9, 11, 12, 13, 14]. Those that concern data sets not affected by the modification
of atomic binding energies are still pertinent.

In a validation test [15] of the electron impact cross sections for K and L shells no statistically
significant differences were observed regarding the compatibility with experiment of cross sections
based on the old EEDL data and the new EPICS2017 data.

3. Conclusion

The new evaluated atomic data libraries released in EPICS2017 and ENDF/B-VIII.0, represent
a major evolution in the field, since these libraries are widely used by several Monte Carlo systems
for electron and photon transport.
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The compilations of binding energies used to produce the new data libraries were identified as
more accurate than the previous EADL values. Nevertheless, inconsistencies are observed in the
propagation of the modified binding energies to dependent quantities tabulated in the data libraries,
which could be the source of disruptive effects in Monte Carlo simulations.

Concerns are also raised by the lack of proper configuration management and version control,
which hinders the reproducibility of simulation results based on the data libraries.

The assessment of the new evaluated atomic data libraries is extensively documented in [10].
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