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Abstract

Atomic displacement cross-sections for an advanced assessment of radiation
damage rates were calculated for materials from Be to Bi using the arc-dpa model
and NRT model, and data from JEFF-4T1 test library, the ENDF/B-VIII, JENDL-5,
and TENDL-2021 libraries at neutron incident energies from 10 eV to the maximum
available energy.

Obtained cross-sections were extended to 200 MeV using TENDL-2021 data
and earlier TENDL versions.

Data prepared in ENDF/B and ACE format are available on the site

https://bit.ly/3L8ZIHQ
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1. Introduction

In 2018, the atomic displacement cross-sections [1-4] were obtained using the arc-
dpa model [5], the NRT model [6], and neutron data from the libraries ENDF/B-VIII
[7], JEFF-3.3 [8], JENDL-4 [9], and TENDL-2017 [10]. Recently, new JENDL-5 [11]
and TENDL-2021 [12] libraries have been published, a test library JEFF-4T1 [13]
appeared.

The aim of this work is to obtain arc-dpa and NRT displacement cross-sections
for neutron irradiation of materials from beryllium to bismuth using the new data.

The method for obtaining the arc-dpa parameters was recently proposed in
Ref.[14]. The derived parameters [14] together with data from Refs.[5,15] were used
to perform calculations of displacement cross-sections. For some materials, the
calculation of the number of stable defects produced under irradiation using the arc-
dpa model was supplemented by calculations applying the BCA approach. The
numerical calculations were performed using the IOTA code [16] and SRIM code
[17].

The resulting displacement cross-sections were recorded in ENDF/B and ACE
formats.

Section 2 discusses the model parameters and tools used for calculations.

Section 3 presents the obtained cross-sections.

2. Data and tools used for calculations

According to the arc-dpa model [5] the defect generation efficiency [18] can be

approximated as following

b, rcdpa

1 B Carcdpa
): (2E /O 8)bafcdpa Tdam +Caerpa ’ (1)
d .

aarcdpg Tdam

where barcdpa @and Carcdpa are parameters, Eq is the average threshold displacement
energy, Tdam is the “damage energy”, the energy available to produce atom
displacement by elastic collision [6] calculated using the Robinson formula [19].

For most of the materials, the carcdpa parameters and Eq values were taken
from Ref.[14]. These data are shown in Figs.1,2. The value of barcdpa Was taken
equal to -0.82 [20].
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Fig.1 Estimated carcdpa parameters and experimental values discussed in Ref.[14].
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Fig.2 Estimated average threshold displacement energy and experimental data
discussed in Ref.[14].



For beryllium barcdpa, Carcdpa, and Ed values were taken from Ref.[21], for iron,
nickel, copper, palladium, tungsten, and platinum from Nordlund and co-authors [5],
and for silver and gold from Nordlund [15].

For beryllium, iron, copper, and tungsten additional calculations were performed
using the combined arc-dpa - BCA approach [16]. In such calculations, the simulation
of ion-ion interactions is performed using BCA until the kinetic energy of the ions
drops to a certain energy, and at relatively low kinetic energy, the number of created
defects is estimated according to the arc-dpa model with parameters discussed
above. Figure 3 shows the example of such calculations for self-irradiation of
beryllium. The results of MD simulation shown in Fig.3 were obtained in Ref.[22].

Displacement cross-sections were calculated using the last version of the
NJOY-2016 code [23] with implemented subroutines for arc-dpa model calculations
and for the use of results of joint arc-dpa and BCA simulations. Data from the test
version JEFF-4T1, data from ENDF/B-VIII, JENDL-5, and TENDL-2021 were used to
calculate recoil energy spectra and cross-sections.

The PREPRO-2021 code [24] and several service codes were applied to
calculate displacement cross sections for natural mixtures of isotopes and other

auxiliary calculations.

3. Displacement cross-sections

3.1 Data from 10 eV up to maximum available energy in files

Displacement cross-sections were obtained for all stable isotopes from Be to Bi and
used for calculation of cross sections for natural isotope mixtures. Data from the
libraries were used as they are, up to maximum available energy.

Calculations were performed using the arc-dpa and the NRT model. The
example of data obtained are shown in Fig.4

No additional adjustments were made to avoid the possible data jumps around
20 — 30 MeV discussed in Ref.[25].

Displacement cross sections were written in the ENDF-6 format and processed
in the ACE format with the NJOY code. Cross-sections are presented on a point-by-
point basis, without averaging by energy intervals. The data obtained can be

downloaded on the page Ref.[26].
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Fig.3 Defect production efficiency for Be-Be irradiation estimated using the arc-dpa
model with INR parameters [21], calculated with the IOTA and SRIM codes
[21], and obtained from MD modelling in Ref.[22]. The Ed value is equal to
31,2 eV.

3.2 Data extended up to 200 MeV

For a certain part of the data files in the libraries, the maximum energy at which
data are available is below 200 MeV, see details in Ref.[25]. To simplify the
possible high energy application of displacement cross-sections the data obtained
in this work were extended up to 200 MeV for all targets between Be and Bi, if
necessary.
For materials with atomic number above ten, the extension was performed using new
TENDL-2021 files. The displacement cross-sections for lighter nuclei were extended
using data prepared with earlier versions of TENDL, depending on the availability of
evaluated data up to 200 MeV, see details in Ref.[27].

Additionally, the displacement cross-sections were corrected to avoid non-
physical jumps and irregularities and providing a proper data combination. The

smoothing was performed for targets with extended data only.
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The examples of data extension are shown in Figs.5-12.

Obtained data in ENDF/B and ACE format are ready for download on the page
[26].

Displacement cross-sections calculated using JEFF-4T1 data are shown in

Appendix.

4. Conclusion

Displacement cross-sections were calculated for 78 materials from Be to Bi using the
arc-dpa model and NRT model, and evaluated data from JEFF-4T1, ENDF/B-VIII,
JENDL-5, and TENDL-2021.

The cross-sections obtained were extended using the TENDL data up to
incident neutron energy 200 MeV.

Displacement cross sections were written in the ENDF-6 format, processed
using the NJOY code and recorded in the ACE format.

Data are presented by points, without averaging over energy intervals.

The obtained displacement cross-sections can be downloaded on the page
https://bit.ly/3L8ZIHQ [26].
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sections (lower figure). For a better graphical representation, the cross
sections were averaged using 304 energy groups.
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Fig.5 Example of the extension of arc-dpa displacement cross-sections for
beryllium calculated using JEFF-4T1 applying data from TENDL.
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Fig.6 The same as in Fig.5 but for cobalt.
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Fig.7 The same as in Fig.5 but for rhenium.
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Fig.8 The same as in Fig.5 but for cadmium.
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Fig.9 The same as in Fig.5 but for tin.
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Fig.10 The same as in Fig.5 but for gadolinium.
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Fig.11 The same as in Fig.5 but for gold.
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Fig.12 The same as in Fig.5 but for bismuth.
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Appendix

Displacement cross-sections obtained using the arc-dpa model and NRT model
and data from JEFF-4T1

For a better graphical representation, the data were averaged using 304 energy

groups
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