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Executive Summary

Studies of the radioactive properties of nuclear devices, including future power
stations, rely upon calculations of the neutron-induced activation-transmutation
of materials. In order for trust to be placed in the results of such calculations it is
necessary that the inventory code and the data libraries are verified and validated.
This is done by comparing the predictions of the code system with activation mea-
surements made on materials relevant to nuclear technology in well-characterised
neutron fields. Cases where the ratio of results from Experiment (E) and Calcu-
lation (C) are close to 1 generally serve as validation of the code/data system, for
the energy range covered.

A series of irradiations of various materials in several complementary neutron
fields have been carried out over several decades. Analyses of the results have pro-
duced integrated effective cross-sections attributed to various nuclear interactions.
Neutron spectra calculated for each experiment can be convolved over energy with
library cross-sections for comparison with experimental results.

For the present validation exercise the latest version of F1SPACT-II is used. Anal-
ysis of all experimental data enables effective cross sections to be calculated and
these are presented in tabular form as well as plots of the C/E ratio. A graph
showing the TENDL cross section as a function of neutron energy is plotted for
each reaction, along with experimental data extracted from the EXFOR database.
Using these graphs, an assessment can be made to determine if the reaction is val-
idated or if re-evaluation of the TALYS parameters responsible for TENDL is
required. These assessments will be used with other information to enable im-
provements to be made to future TENDL libraries.

FispAcT-11I provides the funcationality of an inventory code with full acces to the
TALYS-based Evaluated Nuclear Data Library (TENDL). It also retains legacy
compatability with the European Activation File (EAF). While several similar
reports were published for the EAF library, it is no longer under development as
TENDL provides a more robust methodology for building a more complete nu-
clear data file. This report provides more than an updated version of the previous
integral validation reports; the TENDL library contains more complete, replicable
total/pathway data, as well as variance and covariance data, all calculations have
been performed using the new FISPACT-II code and every effort has been made
to ensure that this document is as self-contained and reproducible as possible.
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1 Introduction

Studies of nuclear technology rely on calculations of the activation-transmutation of
materials arising from the operation of nuclear devices or plants that produce neutrons
or other particles. Such calculations are then fed into studies of the operations, possible
accident scenarios, exposure doses to plant workers and the eventual decommissioning
of nuclear facilities. The calculations are performed using an inventory code which
requires as input large amounts of nuclear data: neutron-induced cross sections for
targets covering the whole periodic table, radioactive decay data such as half-lives and
decay energies and the biological effects of radionuclides on humans. The requirement
of completeness of the dataset forces library evaluators to draw from both models and
experiments. Thus for some reactions the cross section has been well measured and
the uncertainty is small (or simply acceptable), while for others there may be little
or no experimental measurements and the data are based entirely upon model code
calculations.

Legacy libraries have been built in a patchwork fashion, where periodic evaluations
add or modify the data related to a subset of nuclides/reactions/applications. This
has resulted in gradual improvement of the libraries which have matured over sev-
eral decades, but can leave gaps for certain applications where missing data result in
simulation inaccuracy. The TALYS code system is a collection of nuclear modelling
software which is based on an entirely different methodology [1]. Instead of gradually
adding new data and improving the data through periodic evaluations, TALYS takes
a set of physical parameters and produces a complete library. In each year since 2008
a complete library version is published as the TALYS-based Evaluated Nuclear Data
Library (TENDL) [2 B]. The feedback from users and validation exercises directly
informs the models and parameters which are responsible for the whole library, rather
than an isolated nuclide.

In order for trust to be placed in the results of calculations, it is necessary that the
inventory code and the data libraries are validated. By this it is meant that the predic-
tions of the code system are compared with measurements made on materials relevant
to nuclear technology in well-characterised neutron fields. The ratio between effective
cross-sections that are determined from experiment (E) and calculation (C) give an
indication of agreement. Due to uncertainties in the measurements and errors in the
data libraries a range of C/E values is typically found for any one reaction, under-
lining the need for analysis of the experimental parameters and possible methods of
error introduction. As a result, some abnormal C/E values may not be sufficient to
convince evaluators to modify data and these will remain anomalous until additional
data become available.

By considering a large range of materials it is possible to cover a wide range of re-
actions, although it must be noted that with the current facilities, which produce a
relatively weak source of neutrons, it is only possible to validate reactions on stable
or long-lived targets that give products with short to medium half-lives. Additionally,
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the measurement of the effective cross-sections for specific reactions in mixed materi-
als (such as steels and alloys) can be challenging due to competing reaction pathways,
overlapping gamma energies or counting rates.

When differing experimental data of sufficient quality becomes available, validation
reports are essential vehicles for informing evaluators of discrepancies. Appropriate
cross section modifications can be made with confidence if integral results in several
complementary neutron spectra are available and if adequate experimental differen-
tial data exist. An evaluator may either renormalise the cross section over the entire
energy range to get a better fit to the measurements or renormalize over particular
energy regions. With a technological library such as TENDL the process instead in-
volves careful parameter modification to retain a consistent library. Improvement of
data libraries is therefore an additional outcome of the validation process. Only when
all available measurements on all relevant materials can be accurately reproduced by
the calculations, can it be said that the library is validated. Until then new integral
measurements will continue to be required to provide feedback and improve the quality
of the nuclear data libraries.

The present validation report utilises the updated FispacT-II code [4, [5]. Effective
cross-sections are calculated through the collapse of experimental neutron spectra and
compared with reference values. The Japanese Atomic Energy Agency (JAEA) Fu-
sion Neutron Source (FNS) total decay heat experiments [6] have been completed
re-analysed using TENDL-2017 and published in a companion validation report [7].

2 Validation methodology

The production of an activation library which satisfies the various incident-neutron
energy and materials requirements of the fission and fusion energy communities has
involved many nuclear data experts. The previous FispACT-II versions relied upon
the European Activation File (EAF), which was the subject, in its continually evolv-
ing form, of several integral validation efforts [8, [9) (10, 11]. Various contributors within
the experimental and nuclear data communities provided comparisons between exper-
imental and calculated heat or activity. By isolating a decay period where one nuclide
dominating the measurement, the production of a specific radionuclide would be de-
termined and the C/E ratio could be used to calculate the effective cross-section for
the reaction responsible for that product. The experimental cross-sections published
in the 2007 report [II] are used for our validation, except the values from the FNS
experiments and FNG decay heat measurements.

This led to the development of a modern system for V&V, which covered not only
the legacy EAF-format data, but the re-developed FiSPACT-II code and its capability
to handle international-standard ENDF-6 data formats, notably including TENDL-
2014 [12]. The results showed that the TENDL library at that time [I3] had already
improved to the point of surpassing the EAF evaluation methodology.
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The validation of TENDL-2017 with the measurements from the JAEA FNS experi-
ments has been recently done in another CCFE report [7] and the results are included
for this analysis. Note that the Jiilich and spontaneous 2°2Cf fission data are not based
upon analysis done using FISPACT-II and are drawn directly from their sources.

A more recent set of validation reports using a similar methodology have been pro-
duced for FENDL-3.0/A and other major libraries [14) (15, [16]. These have introduced
additional integral measurements from Maxwellian-averaged cross sections (MACS)
and resonance integrals. These data are considered in a separate report [17].

Neutron spectra

The validation of nuclear data for exotic and/or high-energy threshold reactions (above
1 MeV) presents several challenges to both experimentalists and theorists. Fully char-
acterising the neutron flux from a 14 MeV source down to thermal energies has been
done with a host of complementary techniques, including stochastic/deterministic mod-
elling, multi-foil activation and unfolding. Even with the most impressive experiments
cited in this report, fluxes were calculated using Vitamin-J 175 or 211 group structures
which possess a notoriously coarse thermal energy treatmenlﬂ In many cases this may
hide a poorly known low-energy flux and in some cases large variations in published
flux bin Valuesﬂ explicitly indicate that the flux is not well-characterised enough for
purposes such as this validation exercise. The following sections contain summaries of
all the experimental campaigns whose integral data is cited. Every cut or modification
of neutron flux data is made clear in the appropriate section.

For all fluxes, one consistent modification has been made in converting the data into
the considerably finer CCFE 709 multi-group using the FisPACT-II convert module.
The TENDL data used by FispAcT-II is processed into this multi-group and provides
a more robust collapse calculation than with legacy multi-group structures. In order
to deal with the one 1E-5 to 1E-1 Vitamin-J group, a physically realisticﬂ 1E-2 cutoff
was made and the excluded neutron population was shifted into the collection of 1E-2
to 1E-1 bins. Unfortunately this must remain a constant, featureless thermal spectrum
since there is no additional information available.

Multiple-pathway measurements

Integral data experiments often cannot extract data for a specific reaction rate due to
the multiple reaction pathways which contribute to a specific nuclide production. This

!Specifically, five bins below 1 eV with one bin for 1E-5 to 1E-1 eV. An experiment with poor
knowledge of the thermal spectrum produces no trustworthy data for non-threshold reactions.

2Even fluxes with alternating zero and non-zero neutron populations per group in a course 175
structure.

30f course a truly physical flux would depict the Maxwellian distribution, but this report will
simply use the cutoff to prevent overestimation in reactions with large thermal cross-sections.
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can be the result of multiple stable isotopes in a natural sample, isomer production
and (potentially unknown) sample impurities, for example. Consider the reactions

9%Mo(n,p)?Nb and 9%Mo(n,d)%Nb, (1)

which will both invariably contribute to any measurement of the product >Nb. Many
elements possess multiple stable isotopes and mixed materials, such as steels and alloys,
can have many reactions from multiple elements/isotopes leading to the same measured
nuclide. When the incident neutron energies climb above the many thresholds in the 30-
200 MeV range, a surprising number of multi-particle and spallation reactions become
available. A previous EAF/EASY report [11] contained the reaction

2Cr(n,da)*"Sc, (2)

which has no EXFOR entries [I8]. The six nucleons contained within those two ejected
particles can clearly be combined in other ways, such as (n,npa), and this represents one
of numerous pathways. These reactions suffer from rarely possessing any experimental
measurement and near total absence from the major nuclear data librariesﬂ In TENDL
a separate MT=5 is used to store the total for ‘other’ 30+ MeV cross-sections whose
product break-down is stored in the MF=10 ‘yield’ file. These contain the 30+ MeV
continuation of other cross-sections, as well as a multitude of other reaction{’] When
using FI1SPACT-11, the total reaction is processed as (n,0).

For many product nuclides there exists a single pathway which dominates the produc-
tion in a given experiment. In these cases the effective cross-section

(3)

where group-wise summation over g is implied, can be calculated using FispacT-I1 and
directly compared with the corresponding experimental result. If there exists some
set of pathways with non-negligible contribution to the production of that nuclide,
it is not possible to isolate individual reactions without assumptions which would
quite possibly invalidate the result. One significant advantage with TENDL is the
use of physical parameters to guide where pathways exist, rather than a patchwork
of experimental results. As indicated by the pathway tables in Appendix [A] TENDL
identifies a substantial number of higher-energy reactions which would otherwise be
forgotten.

The identification of missing reactions using legacy libraries relies upon the mos maio-
rum philosophy, where data contained within old libraries becomes accepted and ar-
guments must be made for its modification. This hides the weaknesses of the data
being used and slows (or prevents) its improvement. It often also results in miscon-
ceptions about the quality of nuclear data amongst users. Without the capabilities

“In part due to energy cut-offs which fall below the thresholds. See Figure [13|for a summary of the
reactions considered in this report.

5Note that the pathway breakdown is not included in this file, while TALYS does calculate each
pathway. This is a deliberate choice in the structure of TENDL at 30 MeV.
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of a code system such as TALYS, to produce high-energy libraries and validate them
against experiments is achieved using the legacy approach where reactions are added
and adjusted by hand. This has the advantage of being able to directly alter data to fit
experiment, but ultimately results in the separation of data from physics. While nu-
clear data and nuclear physics are indeed not equivalent, nuclear data must be informed
and shaped by nuclear physics to address current and next-generation problems.

The use of data taken from the measurement of a nuclide with multiple reaction path-
ways introduces several subtleties. While codes such as FispacT-11 will generate %
pathway contributions from each possible reaction, the accuracy of this allocation de-
pends entirely on the accuracy (and inclusion) of the cross-sections which are the
subject of the validation. When attempting to validate cross-sections with legacy
libraries, the fundamentally incomplete nature of their data prevents a trustworthy
pathway analysis. The completeness of TENDL enables an allocation of reaction path-
ways which, although still dependent on the cross-sections, will consider each reaction
whether or not an evaluator has decided to add data for it or not — completely elimi-
nating this flaw.

An important distinction must be made for those integral values which are taken from
experiments where the measured nuclide has multiple reaction pathways. While EX-
FOR datapoints are juxtaposed with the TENDL cross-sections, these are not directly
related to the C/E integral values — even in the same energy region. This caveat is
important for those EXFOR entries which are truly made without the contamination
of multiple reactions and where integral values (often from steels or alloys) are made
with non-negligible contributions from multiple nuclides/reactions. For cases where
multiple isotopes contribute with different reactions or multiple reactions with the
same target (such as the (n,d) and (n,np) reactions), the distinction between the in-
tegral and differential data may however not be very precise. The ?Mo(n,np)*™Nb
reaction serves as a good example, where the Q-values for it and “*Mo(n,d)?*™Nb
are -9.30 and -7.07 MeV, respectively. The most recent (and impressively robust)
paper outlining molybdenum cross sections below 20 MeV only includes a value for
9%Mo(n,X)?®™Nb [19]|ﬂ An enriched sample was used to isolate those reactions from the
stronger %Mo(n,p)?"Nb, but a brief survey of the EXFOR entries for these reactions
reveals considerable variation in the data and (more fundamentally) in the analysis
of multiple reaction pathways. While molybdenum presents an especially challenging
case for experimentalists, it is not difficult to find examples where EXFOR entries do
not treat multi-reaction measurements with this level of rigour.

For the integral data, an experimentalist measures some quantity such as heat or
activity and identifies a nuclide so that

M = Z AiNioigip = M (Z fi) (4)

where M is the measured quantity, A\; are decay constants IN; are nuclei fractions, o;
are effective cross-sections, ¢; are measured units per decay of that nuclide and ¢ is

5 Although the EXFOR entry lists is as “Reaction : (n,np)”.
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the scalar flux. Even when it is possible to isolate one nuclide, multiple paths with
various o; are often present. If it is possible to calculate a ratio of M¢c/Mpg for one
nuclide and only one path leads to the product, the effective cross-section ratio is
simply o¢/og = Mc/Mg. Otherwise to obtain useful data an attempt to deconvolve
the mix of errors from multiple pathways is required, where modification of cross-
sections changes the path percentages. Often little or no experimental data exists for
alternative paths, which could be the cause of discrepancies where the data might be in
perfect agreement — or alternatively errors/omissions in other paths can hide bad data
in a seemingly well-validated pathway. The need for higher-energy nuclear data drew
several pioneers to build a library which would consider those necessary activation
reactions whose experimental measurements are unfortunately contaminated by other
competing reactions.

The nature of these experiments prevents them from providing an ideal validation, but
the integral values can direct nuclear data analysts and experimentalists toward areas
of poor understanding. Consider the three nuclide measurements made at FNG whose
reaction pathways are summarised in Table

Table 1: Some FNG nuclide measurements which have mul-
tiple pathways for production.

Product Pathway(s) %
Tal82 W182(n,p)Tal82 49.4
W182(n,p)Tal82m(IT) Tal82 41.3
W182(n,p)Tal82n(IT) Tal82m(IT)Tal82 3.7
W183(n,d)Tal82 1.8
Sca7 Tid7(n,p)Scd7? 41.2
Ti48(1,np)Scd7 25.9
Ti48(n,d)Sc47 18.1
V50(n,a)Scd7 9.7
V51(n,na)Sc47 5.4
In117 Snl117(n,p)Inll7 87.9
Snl117(n,p)In117m(IT)In117 1.5
Sn118(n,np)Inll7 6.9
Sn118(n,d)In117 3.1
Sn120(n,a)Cd117m(b-)In117 0.9

The FispacT-II simulation of a tungsten foil irradiation shows that %2Ta was pro-
duced almost exclusively through the (n,p) on ¥2W. There is reasonable confidence
that whatever uncertainty exists in the (n,d), its contribution will be less than the
TENDL-2017 uncertainty for the dominant reaction and this measurement can be
used to validate it. The break-down of isomer production, though impressive, is not
as certain. Different branching ratios could lead to the same overall result and the
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182\ (n,p) 829 Ta, say, could not be validated by this measurement.

Useful information from the the 47Sc measurement of a vanadium alloy irradiation is
much more difficult to obtain. Four different target nuclides have reaction which pro-
duce 47Sc and two reactions have little or no differential data in EXFOR. Since several
reactions contribute relatively large fractions to the total *”Sc production, whatever
errors they may possess can substantially alter the overall C/E. This integral value
cannot be reasonably associated with one reaction without making making assump-
tions about several reaction rates which are more profound than any single-reaction
integral data. In scenarios such as this one, no detailed integral validation information
can be obtained.

The "'7In example is more subtle and need not be dismissed as readily as the *7Sc.
The total (n,p) reaction comprises nearly 90% of the nuclide production while the
(n,np+d) and (n,a) reaction&ﬂ both possess EXFOR entries which broadly match the
TENDL-2017 cross sections. This agreement with (at least) some experimental data
for secondary pathways provides confidence that errors in those reactions are small
enough to allow the main reaction to be considered dominant. This report includes
the integral cross section for the 7Sn(n,p)!'7In from this experiment.

Instead of modifying reactions with competing pathways to the same nuclide, this
report takes the most natural estimator for the cross-section ratio:

M
of = M—iaic Vi. (5)

This does not account for all of the deviation in nuclide production for mixed-pathway
cases in the one reaction considered, but it is the most physically justifiable assumption.
Put another way, associating the over(under)-estimation of secondary paths with the
primary path and further increasing(decreasing) the primary cross-section may appear
more ‘honest’ regarding the total C/E value, but it does not correctly indicate how
cross-sections should be modified to better represent the true physical values. If hand-
modification of a legacy library was the objective, the previous assumption could be
appropriate and mis-allocation of some contribution from a secondary reaction to a
primary reaction can still result in more accurate calculationsﬂ Isolation of a pathway
to ‘improve’ performance at the cost of faithfulness to the underlying physics is an
anathema of the TENDL methodology.

As indicated by the examples provided, only strongly dominant reaction pathways are
considered. Whenever an individual secondary reaction produces more than 10% of
the product nuclide, the differential data has been checked to determine if uncertainty
the (supposedly) minor contribution prevents trustworthy use of the dominant reaction

"Note that the modern EXFOR source [20] identifies the ***Sn(n,X)**"In, which the TENDL-2017
sum of np+d agrees with.

80f course this will always be limited to some specific regime(s), whereas correct modification of
physical parameters improves the library globally.
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for a validation. Very few reactions with less than 90% are included and exclusively
where agreement between TENDL and the differential experiments of minor pathways
provides the necessary assurance that the uncertainties in those paths are much less
than the uncertainty in the dominant.

3 Integral data experiments

Each of the following subsections contain cursory descriptions of all the experimental
measurements used in this validation report, divided into the working groups which
produced the data. The JAEA FNS data has been completely re-analysed using
FispacT-IT with TENDL-2017 and the corresponding section describes the methods
employed. The ENEA FNG total heat measurements have also been re-analysed with
TENDL-2017 using the same technique, but with separate comparisons for gamma
and beta measurements. For the remaining experimental groups, experimental cross-
sections are taken from the previous EASY/EAF reports and only an experimental
description is provided. The ?°2Cf and Jiilich cross-sections are taken directly from
publications. Since experimentalists cannot measure cross-sections directly but rely
upon codes and nuclear data libraries to calculate the cross-sections from their results,
these data are not as reliable as those produced by the complete analysis done for
FNS. Whenever a modification was made to the flux or data in any experiment, com-
ments on it are provided in the corresponding section. Pathway analysis for all but
the spontaneous fission of 252Cf and Jiilich data are provided in Appendix

3.1 Japan Atomic Energy Agency data

A series of experiments were performed by the Japan Atomic Energy Agency (JAEA)
using the Fusion Neutron Source (FNS) facility [21] 22] 23 24) 25], where materials
samples were irradiated in a simulated D-T field. The resulting decay power was
measured for cooling times of up to thirteen months using the highly sensitive Whole
Energy Absorption Spectrometer (WEAS) method, which measures both S and -~y
emission decay energies. These measurements were made at selected cooling times
including, quite impressively, a few tens of seconds after irradiation.

A 2mA deuteron beam was fired on a tritiated titanium target. The resulting neu-
trons produced a flux of approximately 1E10 n cm~2 s~! at the sample location. The
irradiation periods at the FNS were 5 minutes and 7 hours with different sample
locations for each irradiation duration. The neutron spectrum for the 5 minute irradi-
ations (fns_5min) is shown in Figure and the spectrum for the 7 hour irradiation

(fns_Thour) in Figure

The flux from position 7 in the 7 hour irradiation possessed a zero flux value between
0.1-1 eV with a non-zero value in the <0.1 eV group. This unphysical result indicates

UKAEA Page 15 of |531



3.1 Japan Atomic Energy Agency data UKAEA-R(18)004
Integro-Differential Validation

that the low energy flux is not accurately characterised and for this report the flux
was cut at 1 eV.

The full and more detailed analysis of these experiments has been published in an-
other report using the FISPACT-II system with TENDL [7]. In that report, the total
measured heat and calculated heat were compared over the period of decay heat mea-
surements. By comparing the two at a time-period where the heat from a specific
product is dominant, a C/E value can be obtained for the reaction(s) which produce
that nuclide. The data for a 5 minute irradiation of Inconel-600 is shown in Figure
where TENDL-2017, ENDF/B-VIIIL.0, JEFF-3.3 and JENDL-4.0u are each compared.
The dominant nuclides are shown with their relative contribution in the TENDL-2017
result. From this analysis, where the heat is almost entirely from one radionuclide we
consider it a test of the cross section for its production.

T T T T ]
TENDL-2017
ENDEF-B/VIILO ---
JENDL-4.0u+DDF15  ------
JEFF-3.3
ENS 2000 Inconel-600 s

LOE-Q7 [ NS

Heat (kW/kg)

D)7 J S 8 W

100 1000

Time after irradiation (s)

Figure 1: Total decay simulation for an FNS 5 minute irradiation of Inconel-600,
with experimental results compared against calculated solutions using FispAcT-1I with
different nuclear data libraries. The grey band represents uncertainty from TENDL-
2017. Individual radionuclide contributions are shown for those that are dominant in
the time-periods that were measured.

The 2V and **Mn nuclides can be isolated from the measurements of this experimentﬂ
since they are the dominant nuclides for heat production at particular measurements.

9The nuclide contribution graphs with all isotopes in the full report [7] make these distinctions
clear.
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In this Inconel example, the ®?V C/E is taken from comparison with the measurement
closest to its half-life, where it contributes over 90% of the total heat output. The
C/E is determined by comparing the measured and calculated heat at the data point
nearest to the half-life of the nuclide in question. A summary of the products, their
half-lives, the pathways for production and uncertainty from the experiment have been
drawn directly from the decay heat validation, while the pathway breakdowns for these
reactions are summarised in Tables [54] and [55] of the appendix.

3.2 Technische Universitat Dresden data

Experiments were carried out by the Technische Universitdt Dresden (TUD) group in
collaboration with RRC KI Moscow and CCA Sergiev Posad using the high-intensity
neutron generator SNEG-13 [26]. Neutrons were generated by 280 keV deuteron bom-
bardment on a rotating tritiated titanium target. Neutrons emitted at angles of 4°
and 73° were used to irradiate samples. Note that the ‘peak fusion spectra’ made
available for calculations does not include the energy regions below 10 MeV, as seen
in the flux spectra of figures and Although measurements were recorded
for products made with non-negligible thermal/intermediate reaction pathways, reli-
able calculations cannot be performed without accurate lower-energy flux data. The
measurements from the irradiation of vanadium alloy samples V3TilSi, V4Ti4Cr and
V5Ti2Cr are available in [27, [28].

Steel samples of SS-316, Eurofer-97 and F82H were irradiated with the same SNEG-13
setup. The original data can be found in [27, 29]. Ceramic samples of LiSO4 and
SiC were also irradiated using SNEG-13. The original data can be found in [30, [31].
Tungsten samples were irradiated using SNEG-13 with limited measurements made in
the 77° position. The original data is available in [32]. Note that the SNEG-13 flux
was not determined outside the 14 MeV D-T peak and there has been no modification
in this report.

Following the collaboration with SNEG-13, a new D-T neutron generator was built
in the early 2000s which operated with 10 mA 300 keV deuterium bombardment of
tritiated targets. The target could be fixed or rotated and the generator could be
operated in sustained or pulsed modes. A full neutron spectrum for each separate
irradiation was provided based on neutronics simulations and standard foil calibrations.
A copper alloy CuCrZr was irradiated with a neutron spectrum (tud_cucrzr) given in
Figure and the original data can be found in [33]. This neutron spectrum was
already cut at 10 eV and no modification was made in this report.

Later experiments at TUD irradiated yttrium, tantalum and lead. Each of these has
a unique neutron spectrum (tud-Y, tud_Ta and tud_Pb), shown in figures
and respectively. The original data can be found in [34, 35 36]. Erbium and
lanthanum measurements were subsequently carried out [37, [38,[39] with one spectrum
(tud-Er), shown in Figure used for all calculations. All of these spectra were
produced without knowledge of the thermal neutron flux, as indicated by the sharp
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drop in the last energy group. They have therefore been cut at 1E-1 eV.

3.3 Forschungzentrum Karlsruhe data

Experiments carried out by the group at Forschungzentrum Karlsruhe (FZK) used a 19
MeV deuteron beam of the Karlsruhe isochronous cyclotron for a deuteron-beryllium
neutron source. This produced a neutron flux of up to 3E11 cm™2s~! over a 1 cm?
target sample. The spectra produced in these experiments do not show any strong
peak and extends to energies beyond 20 MeV, leading to the name ‘white fast-neutron
spectrum’. The neutron spectra were calculated using neutronics simulations and foil
activation calibrations, but required nuclear data above 20 MeV, introducing com-
plexities for the analysis based on FENDL2.0/A [40]. In total, two separate spectra
(fzk_1 and fzk 2) were determined for different experimental campaigns which irradi-
ated numerous samples, as shown in figures and Steel and vanadium alloy
irradiations of V3TilSi, V5Ti2Cr and Eurofer-97 were done in [41].

A collection of elemental samples were irradiated including copper and nickel. Two
separate tungsten experiments were performed with different measurement diagnostics
[41]. A lithium orthosilicate sample was irradiated in the same d-Be setup. The original
data is available in [41].

A separate experimental facility at FZK using a d-Li neutron source [42, [43], [44] —
similar to that proposed for IFMIF, but with much lower intensity — was used for
activation of steels and vanadium alloys. The spectrum (fzk_ss316) is shown in Figure
The source consists of a 40 MeV beam of deuterons incident on a thick lithium
target (22 mm thickness enclosed in a stainless steel case). Although a 3 A beam of
52 MeV deuterons was used, the approximate energy of the deuterons on entering the
lithium was 40 MeV. The neutron flux was about 4.3E-9 cm—2s™1.

All of these experiments aimed to probe high-energy reactions, ostensibly in prepa-
ration for proposed material irradiation facilities. The fluxes of both d-Be and d-Li
experiments were not well-characterised in the <10 eV range, where the peak popula-
tions were some 107 of the peak. The flux was cut at 10 eV with <1% change on all
reactions, including the 8¢W(n,y).

3.4 Frascati Neutron Generator data

Experiments carried out at the Ente Nazionale per ’Energia Atomica (ENEA)H Fras-
cati Neutron Generator (FNG) group used a neutron reflector to form an irradiation
cavity where the neutron spectrum mimics that of a first wall in a typical fusion reac-
tor. Samples could be irradiated at several distances form the approximately 14 MeV

'0This is the original name given in 1982 for the agency now known as the Agenzia nazionale per le
nuove tecnologie, l’energia e lo sviluppo economico sostenibile.
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neutron source, enclosed within the cavity. The perspex/polyethylene neutron reflector
was attached to a mock-up of the ITER inboard shielding. The neutron spectrum was
determined through neutronics calculations with multi-foil activation and unfolding.

Vanadium alloy measurements of V4Cr4Ti were carried out in [45] using the spectrum
(fng_vanad) shown in Figure Steel results for F82H and Eurofer-97 are available
in [46] [47, 48]. The specta for these (fng_f82h and fng eurofer) are shown in figures

plc) and B}

Measurements from silicon carbide irradiations were presented in [49] [50]. The spec-
trum for these irradiations (fng_SiC) is shown in Figure

A collection of elemental foils including tungsten, chromium, hafnium, niobium, copper
and iron were irradiated in [51), 52, 53, 49]. The various spectra are generally listed
by sample (fng_tung, fng Cr, fng_hafnium), which are shown in figures and
Note that the Nb, Cu and Fe data appear in the SiC reference, using the same
fng_SiC spectrum.

Measurements of the activation products of a CuCrZr alloy are available in [54]. The
spectrum (fng_cucrzr) is shown in Figure [4(f)

A new detector at FNG [55] with capabilities to distinguish between gamma and beta
heat contributions was used to collect data for a collection of materials. A set of
foils including Al, Cd, Cu, Hf, Mg, Mo, Nb, Ni, Pb, Re, Sn, Ti, W and Zr were
irradiated with the fng_heat spectrum shown in Figure Since total heat, rather
than identifiable spectroscopic peaks, was measured in these experiments the analysis
is particularly sensitive to modifications in nuclear data. All of these measurements
have been re-analysed using F1sPACT-11 with TENDL-2017. For any nuclide that was
responsible for the majority of the heat (in simulation) for any of the measurement
times, the point which is strongest is compared with the experimental result to give a
C/E value. An example of one experiment is given in Figure |2, which shows the decay
heat from irradiation of a nickel sample.

The simulation includes many nuclides which contribute to the total decay power, but
at any given time one nuclide may contribute the vast majority. For example, %2Co is
strongly dominant before 200 s and the first measurement is dominated by this nuclide.
The break-down of emitted particles responsible for decay heat allows for identification
of dominant nuclides in the subsequent measurements, where the stronger 2™Co ~-
decay and 99"Co f-decay can be distinguished from each other. Focusing on the
measurements taken, as in Figure [3| the determination of C/E from this experiment
is based on the measurements which most isolate each nuclide and respect the known
decay half-lives of the nuclides.

Since the %2Co is both a dominant gamma and beta emitter, the total decay heat from
the first measurement is used for comparison. The 52™Co comparison is derived from
the the point where it most dominates gamma heat, in this case the fourth measure-
ment. The %°"Co most strongly dominants beta heat in the third measurement, which
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Figure 2: Total beta and gamma heat from irradiation of a nickel sample at FNG
against FISPACT-II simulation with TENDL-2017. The grey band represents uncer-
tainty from TENDL-2017. Nuclides are listed at (x,y) positions which are their initial
heat at EOI and half-life.
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Figure 3: Total heat and beta/gamma contributions from irradiation of a nickel sample
at FNG against FI1sPACT-II simulation with TENDL-2017.

UKAEA Page 21 of 531



3.4 Frascati Neutron Generator data UKAEA-R(18)004

Integro-Differential Validation

is used as the C/E.

New analysis has been performed with all of the heat measurements at FNG using
the original experimental data kindly given by the primary experimentalist, M. Pillon.
Several new product nuclides have been unearthed in the reanalysis and a few spuri-
ous allocations have been eliminatedE A complete summary of the C/E values and
the resulting experimental effective cross sections, as well as the spectroscopic heat
measurement types, is included in Table

Table 2: FNG heat measurements extracted from analysis
using TENDL-2014 [12] in order to determine effective cross
sections that are used in the current TENDL-2017 analysis.

Reaction  Oeap(b) Aoesp(b) Spec.

Mg-24(n,p)Na-24 1.98E-01 | 1.01E-02 | total
Mg-25(n,p)Na-25 7.17E-02 | 2.01E-03 | beta
Al-27(n,p)Mg-27 7.24E-02 | 1.16E-03 | total
Al-27(n,a)Na-24 1.00E-01 | 2.10E-03 |gamma
Ti-48(n,p)Sc-48 1.06E-01 | 6.15E-03 |[gamma
Ti-49(n,p)Sc-49 3.97E-02 | 2.22E-03 | beta
Ti-50(n,p)Sc-50 1.86E-02 | 5.88E-04 | total
Ni-60(n,p)Co-60 4.38E-02 | 2.36E-03 | beta
Ni-62(n,p)Co-62 2.15E-02 | 6.53E-04 | total
Ni-62(n,p)Co-62m 2.33E-02 | 8.39E-04 |gamma
Cu-63(n,2n)Cu-62 5.60E-01 | 5.72E-02 | total
Zr-90(n,2n)Zr-89m 1.48E-01 | 8.61E-02 |gamma
Zr-94(n,p)Y-94 8.06E-03 | 1.20E-03 | beta
Mo-92(n,2n)Mo-91 2.76E-01 | 7.16E-03 | total
Nb-93(n,a)Y-90 1.35E-02 | 3.28E-03 | beta
Nb-93(n,2n)Nb-92m 2.53E-03 | 3.18E-04 |gamma
Ag-107(n,2n)Ag-106 9.67E-01 | 2.51E-02 | total
Ag-109(n,2n)Ag-108 9.61E-01 | 2.50E-02 | beta
Cd-112(n,2n)Cd-111m 7.03E-01 | 2.64E-02 | total
Sn-124(n,2n)Sn-123m 5.84E-01 | 2.51E-02 | beta
Hf-180(n,n)Hf-180m 4.41E-02 | 2.42E-03 |[gamma
Hf-180(n,p)Lu-180 3.79E-03 | 3.00E-04 |gamma
Re-185(n,2n)Re-184 2.58E+00| 2.17E-01 |gamma
W-186(n,2n)W-185 5.64E-01 | 9.35E-02 | total
W-186(n,p)Re-186 2.86E-03 | 1.48E-04 | total
Re-187(n,2n)Re-186 9.54E-01 | 5.25E-02 | beta
Pb-204(n,n)Pb-204m 8.15E-02 | 3.83E-03 |gamma

HEvery supposedly dominant nuclide from previous analysis has been identified in this work, but
the more trustworthy reaction set given by TENDL-2017 provides better allocation of heat output
from a complete set of product nuclides.
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Separate elemental foils of scandium, samarium and dysprosium were irradiated with
a different spectrum (fng_Dy) shown in Figure The original data can be found
in [56], 57, [58].

Measurements from the irradiation of yttrium, molybdenum, tantalum, rhenium and
tin were made in [59, [60, 61, 62, 63 64]. Each of these use an individual neutron
spectrum labelled by fng_X where X is the element. The various spectra are shown in
figures [6(e)], [5(e)], [6(b)l [5(T)] and [6(a)], respectively. No FNG fluxes were modified.

3.5 Jiilich Nuclear Physics Group data

The importance of integral data in spectra extending above 20 MeV led the authors
of previous reports to perform literature search for historical measurements that could
be used for validation. A series of papers from the group in Jiilich led by Qaim
[65, [66], 67, [68], 69, [70L [71], [72] [73], [74), [75] [76] has been used. A d-Be neutron spectrum
was derived based on the work of Schweimer [77] and Meulders et al. [78]. The data
were fitted to the analytic function

$(E) = C(BEg) "*(1+y*) 752 (6)
 E-E, .
Y = JBEJ2+ E,) )

where FE is the incident neutron energy, Fy is the deutron energy, B is the binding
energy and C is a normalisation constant. This was then converted into the 211-
group VITAMIN-J+ structure. A spectrum derived from Equation @ was used for
calculations, as shown in Figure Three campaigns with separate flux magnitudes
are referenced throughout as d-Be, d-Be2a and d-Be3.

3.6 National Physics Institute Rez data

Experiments at the National Physics Institute (NPI) Rez used a 37 MeV proton beam
driven by the NPI cyclotron to strike a flowing D2O target [79]. The resulting p-
D20 spectrum was calculated using the Los Alamos high energy proton data library
LA-150h with MCNPX and compared with scintillation detector measurements and
standard aluminium foil measurements. Considerable effort was taken to characterise
the spectrum in detail. Note that this spectrum extends in energy above 20 MeV and
is therefore very important in the validation of libraries such as TENDL. The initial
version of the Rez spectru was recognised as incorrect as it was measured at a
large distance from the sample and so was not really representative of the spectrum in
the sample. Following considerable efforts a new spectrum (rez_DF) was produced [80]

?Found as Figure 12 of [IT] and referred to as rez_NE.
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and this is shown in Figure In the initial attempts to characterise the spectrum
several elemental foils were placed at a variety of positions 37-67 mm from the source
and v measurements with high-purity Ge detectors were made [8I]. Note that the
2TAl(n, @)?*Na, 29Bi(n, 4n)?°Bi and 2*9Bi(n, 3n)2""Bi reactions are based on averages
of several measurements.

Results from irradiation of Eurofer-97 measurements were made in [82]. Three separate
tungsten samples were irradiated in [83] and averaged data is used for the analysis in
this report. A tantalum sample was irradiated in [84]. Two separate irradiation periods
of 11.3 and 89.2 minutes were used with chromium samples in [85] [86].

Note that the rez_DF neutron spectrum presented in previous reports still contained
unphysical variation of several orders of magnitude below 1 keV, as well as alternating
bins with zero and non-zero neutron populations. This flux was cut below 1 keV, where
the large statistical variations appear.

3.7 Californium-252 spontaneous fission data

Measurements using the spontaneous fission of 2°2Cf as a neutron source have been
extracted from EXFOR and analysed with the spectrum evaluated by Mannhart [87],
as shown in Figure Note that this neutron spectrum is cut at 14.454 keV.
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Figure 4: Experimental neutron spectra.
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Figure 5: Experimental neutron spectra.
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Figure 6: Experimental neutron spectra.
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Integro-Differential Validation
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(a) TUD neutron spectrum at 73° (sneg_2). (b) TUD neutron spectrum with Cu-Cr-Zr (tud_cucrzr).
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(¢) TUD neutron spectrum with Er-La (tud_Er). (d) TUD neutron spectrum with Pb (tud_Pb).
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(e) TUD neutron spectrum with Ta (tud-Ta). (f) TUD neutron spectrum with Y (tud.Y).

Figure 8: Experimental neutron spectra.

UKAEA Page 29 of 531



UKAEA-R(18)004
Integro-Differential Validation

le01 4

5 e g

e B

le0d | <

le-0:

I I I I
5

10000 100000 1e+06 Le+07 1408
Energy (eV)

(a) 2°2Cf spontaneous fission neutron  spectrum
(cf252_flux_1).

Figure 9: Experimental neutron spectra.

4 Code and libraries

Fispact-1I1 [4, 5], has been used to perform this validation exercise, using the most
up-to-date TENDL-2017 library [2]. The data library processing was performed using
CALENDEF, NJOY and PREPRO. The cross sections, or excitation curves, are shown
in pointwise data plots against the relevant EXFOR data in the next section. The
library was processed into the CCFE 709 neutron energy multigroup and was collapsed
with the experimental fluxes of the previous section using FispAacT-I11.

All of the cross-sections in TENDL-2017 for low-Z nuclides, including 1'23H, 34He,
6,714, 9Be, 10:11B, 1213C, 15N, 160 and °F, are imported directly from ENDF/B-
VIIL.0 without modification. As a result, the data for these nuclides end at 20 MeV
and contain problematic gaps, such as the absence of (n,t) and uncertainty data.

The strength of the TALYS/TENDL methodology for nuclear data lies in the consistent
production of an entire library. By building upon the most sophisticated nuclear models
available and producing data that can be validated against data in the regions where
experiments have been performed, TENDL can make the most robust predictions
for reaction properties where experimentalists have not yet ventured — and indeed
where they may not venture in the indefinite future, due to physical or budgetary
challenges. This methodology is absolutely required for simulations of systems where
the missing or improperly simplified nuclear data of major libraries may result in
erroneous caulculation&{El7 including fission/fusion reactors, a variety of proposed fast
fission reactors and higher-energy physics.

13Unfortunately without analysts even being aware of the discrepancies.
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Since TENDL transitions from defined pathway data (in the form of specified MT num-
bers) to a combined residual production MT=5, some high-energy reactions cannot be
specified when the reaction occurs above 30 MeV. For many of these reactions, the
pathways cannot be accurately isolated and the reactions have been removed in this
report. Reactions which have one unique pathway, such as (n,multi-n), are simple
sums of the appropriate <30 and >30 MeV values, however reactions with outgoing
particles such as ®*H and *He are taken from total production cross-sections. These are
values produced by the NJOY GASPR module which sums over all of the appropriate
pathways:

mt mt203 mt204 mt205 mt206 mt207

11
22
24
28
29
32
33
34
41
44
45
103
104
105
106
107
108
111
112
115
116
117

O P P PN O OO O O P NP OO OO kP O o O
O O O O O O O O O O OO OO OO oo oo o o
P O kR O O O O O O FP OO O OO OO ook o oo o
O O O O O O O O O O O O OO OO o o oo o o
O P O O O O O O OO O OO OO OOk O o oo o o
O O O O O O O O OO OO OO OO oo o oo o o
O O O O O O O P OO O O O O P O oo o o o o
O O O O O O O O O O OO OO O OO oo oo o o
P O O P O N RPFEP O O O O F OO O OO oONhNO B+ P O
O O O O O O O O O O OO OO OO oo oo o o

Since the helion and tritium production reactions often have large cross-sections above
30 MeV, this will be essential for experiments with neutron spectra in that region,
such as the d-Be and d-Li experiments. This is made clear with the notation (n,Xt)
and (n,Xh) which are calculated from a FispAcT-II collapse using the MT=205 and
MT=206 cross-sections. In some cases the experiments cited directly measured this
produch7 and the total tritium production is certainly the correct cross-section to
compare with. The total values may be overestimated when multi-particle reactions
make a substantial contribution to the reaction rate.

“For example, 27 Al(n,t)**Mg, which has a stable residual.
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5 Comparison of results

A summary of the reactions covered in the 920 integral data and C/E values is provided
in the following Table[3] The remainder of this section is comprised of individual pages
for each reaction for which integral data was available. The first figure on each page
includes C/E points and error bands for each experimental integral value, plotted
against a horizontal gray region which indicates the uncertainty of the effective cross-
section calculation based upon TENDL uncertainty data. Note that the low-Z nuclide
results (excepting 1°F(n,p) and °F(n,2n)) which are based on ENDF/B-VIILO0 data
have no uncertainty due to omissions in those libraries. Experimental results which
overlap with the calculated band generally support the validation of the data library
and FispACT-II calculations while discrepancies indicate that either the methods, data
or experiments contain some flaws. The second graph shows the TENDL differential
cross-section plotted against all of the EXFOR data [18] available for the reaction.
Note that for readability of the graphs, only the labels of the first 30 EXFOR entries
have been kept, although all data-points are shown. In several of these cases the surfeit
of data demands more detailed analysis, for example with primary fission or common
detector reactions.

Although uncommon, a few rather exotid™”] EXFOR, entries are not shown in the dif-
ferential plots that follow. This exclusively occurs when there are several sets of ex-
perimental evidence (>10) that show broad agreement between themselves and with
the TENDL data, and when the outlying data falls so far away from all other data
that it would require axes that do not show the structure of the TENDL cross-section.

All reactions with target nuclides up to bismuth are included in this section, while
plots for actinides can be found in Appendix

15These entries may indeed be members of the ‘suspicious’ EXFOR data [88] which could be subject
to modification in the future.
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Table 3: Summary of reactions with integral data measure-
ments

Reaction Spectrum Teap(b) Aoeyp(b) C/E
cf252 flux_1 5.00E-02 | 2.50E-02 | 2.06
fns_5min 7.10E-03 | 1.14E-03 | 0.98
cf252 flux_1 4.80E-06 | 2.40E-06 | 7.58
fms_5min 3.16E-02 | 2.21E-03 | 1.06
fns_5min 4.80E-02 | 2.40E-03 | 1.00
cf252 flux_1 1.08E-05 | 1.60E-06 | 1.81
cf252 flux_1 1.63E-05 | 5.00E-07 | 1.20
fns_5min 1.44E-02 | 7.21E-04 | 1.14
d-Be 6.82E-03 | 1.50E-03 | 2.02
d-Be 7.50E-03 | 1.50E-03 | 1.84
fns_7hour 3.80E-02 | 2.28E-03 | 0.85
fzk_1 4.60E-03 | 2.76E-03 | 1.30
cf252 flux_1 3.35E-04 | 1.50E-05 | 0.89
fns_7hour 2.51E-04 | 3.26E-05 | 0.91
fns_5min 2.88E-04 | 1.18E-04 | 1.15
fns_5min 2.26E-02 | 1.81E-03 | 1.42
d-Be 1.45E-02 | 2.50E-03 | 0.92
fns_bmin 1.56E-01 | 1.87E-02 | 0.99
cf252_flux_1 1.94E-03 | 9.29E-05 | 1.10
cf252 flux_1 2.01E-03 | 6.00E-05 | 1.06
fng_heat 1.98E-01 | 1.01E-02 | 0.80
d-Be 4.38E-03 | 8.11E-04 | 0.91
d-Be 6.90E-03 | 1.00E-03 | 0.58
fns_5min 6.14E-02 | 6.75E-03 | 0.87
fng_heat 7.17E-02 | 2.01E-03 | 0.76
fns_5min 5.83E-02 | 6.42E-03 | 0.86
fns_5min 5.75E-02 | 3.45E-03 | 1.06
fng_heat 7.24E-02 | 1.16E-03 | 0.85
cf252_flux_1 4.89E-03 | 1.79E-04 | 0.97
cf252 flux_1 4.80E-03 | 9.00E-05 | 0.99
d-Be3 1.40E-03 | 4.20E-04 | 1.14
d-Be3 1.51E-03 | 3.00E-04 | 1.06
d-Be 7.80E-03 | 1.20E-03 | 0.94
d-Be2a 3.18E-03 | 5.80E-04 | 1.50
d-Be2a, 2.80E-03 | 5.60E-04 | 1.70
fzk_1 3.40E-02 | 6.80E-03 | 0.87
fng_vanad 9.46E-02 | 8.92E-03 | 0.86
sneg_1 1.25E-01 | 2.25E-02 | 0.86
sneg_2 1.35E-01 | 2.29E-02 | 0.86
fng_f82h 6.66E-02 | 6.86E-03 | 1.46
cf252 flux_1 1.01E-03 | 2.20E-05 | 1.02
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Reaction Spectrum Oexp(b) Aoezp(b) C/E
cf252_flux_1 8.60E-04 | 5.00E-05 | 1.20
rez_DF 2.47E-02 | 2.90E-04 | 1.31
d-Be2a 4.45E-02 | 6.45E-03 | 0.84
d-Be3 4.50E-02 | 8.00E-03 | 1.20
rez_DF 1.15E-01 | 2.65E-03 | 0.28
fns_Thour 1.19E-01 | 1.42E-02 | 0.92
fng_heat 1.00E-01 | 2.10E-03 | 1.02
fns_5min 1.94E-01 | 1.94E-02 | 1.11
fng_SiC 2.10E-01 | 6.29E-03 | 1.00
fzk_1 6.30E-02 | 1.57E-02 | 1.58
sneg_1 2.79E-01 | 1.24E-02 | 0.82
cf252 flux_1 7.12E-03 | 2.35E-04 | 1.09
cf252 flux_1 9.66E-03 | 5.50E-04 | 0.80
d-Be 3.75E-03 | 8.23E-04 | 1.39
fns_5min 1.16E-01 | 1.05E-02 | 1.04
fng_SiC 1.16E-01 | 5.79E-03 | 1.03
fzk_1 3.20E-02 | 4.80E-03 | 1.29
sneg_1 1.32E-01 | 4.11E-03 | 1.01
cf252_flux_1 1.79E-03 | 7.90E-04 | 1.79
fzk_1 8.60E-06 | 1.03E-06 | 0.19
sneg-1 7.35E-02 | 3.27E-03 | 0.53
fns_5min 5.41E-02 | 4.87E-03 | 1.29
fng_SiC 5.47E-02 | 2.19E-03 | 1.26
sneg_1 7.36E-02 | 4.42E-03 | 1.07
cf252 flux_1 3.35E-02 | 2.00E-03 | 1.13
d-Be 7.80E-03 | 1.20E-03 | 1.92
d-Be2a 2.88E-03 | 5.80E-04 | 2.64
fns_5min 1.12E-01 | 1.79E-02 | 0.99
d-Be2a 3.74E-02 | 6.45E-03 | 1.08
fns_Thour 2.29E-01 | 1.61E-02 | 0.94
cf252_flux_1 6.46E-02 | 3.80E-03 | 1.14
cf252_flux_1 7.25E-02 | 2.95E-03 | 1.02
cf252 flux_1 6.84E-02 | 3.42E-04 | 1.08
d-Be 4.13E-03 | 7.86E-04 | 2.43
fns_5min 1.91E-02 | 9.96E-03 | 3.82
fns_5min 1.19E-01 | 8.36E-03 | 0.97
fns_5min 6.64E-03 | 3.32E-04 | 1.33
d-Be 7.61E-03 | 1.52E-03 | 1.63
fns_5min 1.68E-02 | 1.01E-03 | 1.04
fns_5min 3.01E-02 | 1.80E-03 | 0.93
d-Be 5.20E-03 | 1.20E-03 | 3.10
d-Be 1.90E-02 | 5.00E-03 | 0.85
fns_5min 4.92E-03 | 2.95E-04 | 1.05
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Reaction Spectrum Teap(b) Aoeyp(b) C/E

fns_Thour 1.15E-03 | 7.16E-04 | 1.67

fns_7hour 7.92E-04 | 9.51E-05 | 2.86
1.44E-03 | 4.30E-04 | 3.38
2.67E-02 | 1.60E-03 | 1.18
4.94E-03 | 8.24E-04 | 3.05
9.50E-03 | 1.50E-03 | 1.59
6.02E-03 | 1.20E-03 | 1.38
fns_Thour 2.09E-01 | 1.67E-02 | 0.89
fns_5min 3.70E-02 | 2.96E-03 | 1.03
d-Be 2.10E-02 | 4.00E-03 | 0.69
fns_Thour 9.80E-01 | 9.80E-02 | 0.93
fns_5min 1.69E-01 | 1.01E-02 | 0.95
fng_ScSmGd 1.19E-01 | 3.81E-04 | 1.44
fng ScSmGd 1.09E-01 | 5.11E-03 | 1.07
d-Be2a 1.87E-03 | 4.30E-04 | 2.34
d-Be2a 3.18E-03 | 6.35E-04 | 1.37
fng_SecSmGd 4.74E-02 | 4.13E-03 | 1.09
d-Be2a 1.38E-02 | 2.37E-03 | 1.30
sneg-1 5.82E-02 | 7.57E-03 | 1.02
cf252_flux_1 9.30E-05 | 3.10E-05 | 0.13
fzk_2 1.21E-01 | 1.32E-02 | 0.94
cf252_flux_1 1.38E-02 | 3.00E-04 | 1.00
cf252_flux_1 1.36E-02 | 1.21E-03 | 1.02
cf252_flux_1 1.24E-02 | 1.20E-03 | 1.12
cf252_flux_1 1.39E-02 | 1.21E-03 | 1.00
rez_DF 7.82E-02 | 1.82E-03 | 1.31
sneg_1 2.38E-01 | 3.58E-02 | 0.93
fng_vanad 1.03E-01 | 6.29E-03 | 1.67
fzk_1 8.10E-02 | 1.10E-02 | 1.40
d-Be3 1.26E-01 | 2.40E-02 | 1.16
fns_Thour 2.37E-01 | 1.42E-02 | 0.96
cf252 flux_1 2.03E-02 | 1.10E-03 | 0.96
cf252 flux_1 1.89E-02 | 4.00E-04 | 1.03
cf252 flux_1 1.94E-02 | 9.70E-05 | 1.01
cf252 flux_1 2.20E-02 | 9.00E-04 | 0.89
cf252_flux_1 2.16E-02 | 1.18E-03 | 0.91
fns_Thour 6.44E-02 | 3.87E-03 | 0.91
fns_Smin 5.55E-02 | 2.78E-03 | 0.98
fng_heat 1.06E-01 | 6.15E-03 | 0.53
cf252_flux_1 4.20E-04 | 1.00E-05 | 1.03
cf252_flux_1 4.17E-04 | 1.59E-05 | 1.03
cf252_flux_1 3.80E-04 | 2.00E-05 | 1.13
fzk _ss316 9.52E-03 | 6.32E-04 | 2.11
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Reaction Spectrum Teap(b) Aoeyp(b) C/E
fzk_1 4.61E-03 | 4.61E-04 | 2.89
d-Be 9.61E-04 | 2.29E-04 | 4.36
d-Be3 7.03E-05 | 2.05E-05 | 3.63
fng_heat 3.97E-02 | 2.22E-03 | 0.92
fns_5min 1.28E-02 | 7.71E-04 | 1.07
fng_heat 1.86E-02 | 5.88E-04 | 0.77
fng_vanad 9.19E-03 | 2.05E-03 | 0.53
fzk ss316 5.33E-03 | 1.27E-04 | 1.48
d-Be2a 9.03E-03 | 2.15E-03 | 2.82
d-Be3 3.50E-03 | 8.00E-04 | 1.37
rez_DF 4.58E-03 | 6.01E-05 | 1.66
fng_vanad 6.53E-02 | 3.98E-03 | 1.07
cf252_flux_1 2.80E-03 | 3.00E-04 | 0.97
fns_5min 2.37E-02 | 1.18E-03 | 1.11
fng_vanad 2.01E-02 | 1.11E-03 | 1.07
sneg_1 2.75E-02 | 1.92E-03 | 1.05
cf252_flux_1 7.10E-04 | 1.10E-04 | 0.76
cf252_flux_1 9.30E-04 | 1.00E-04 | 0.58
cf252 flux_1 7.13E-04 | 5.88E-05 | 0.75
d-Be3 5.00E-04 | 1.50E-04 | 0.99
d-Be 4.40E-03 | 1.00E-03 | 1.15
d-Be2a 1.59E-03 | 4.30E-04 | 1.66
d-Be2a 1.34E-03 | 2.69E-04 | 1.97
d-Be3 2.50E-04 | 8.00E-05 | 0.27
fns_Thour 1.59E-02 | 9.55E-04 | 0.98
fng_f82h 1.67E-02 | 4.00E-03 | 0.87
sneg_1 1.70E-02 | 6.38E-04 | 1.02
sneg_2 1.59E-02 | 7.39E-04 | 1.01
cf252_flux_1 3.88E-05 | 1.20E-06 | 1.00
fzk ss316 6.30E-03 | 2.78E-04 | 0.89
fzk ss316 5.89E-03 | 1.54E-04 | 0.96
fzk ss316 5.80E-03 | 1.36E-04 | 0.97
fng_vanad 1.34E-02 | 6.97E-04 | 0.93
d-Be2a 1.05E-02 | 1.72E-03 | 0.80
rez_DF 5.12E-03 | 9.40E-05 | 0.91
fng_vanad 2.29E-02 | 4.29E-03 | 0.88
fng Cr 3.01E-02 | 5.82E-03 | 0.82
fzk ss316 3.50E-02 | 1.23E-02 | 0.65
fzk ss316 6.79E-02 | 1.90E-02 | 0.34
fzk _ss316 3.61E-02 | 1.34E-02 | 0.63
rez_DF 2.27TE-02 | 4.54E-04 | 0.86
rez_DF 2.79E-02 | 1.68E-03 | 0.70
fns_5min 4.78E-02 | 2.87E-03 | 0.51
fns_Thour 3.37E-01 | 2.02E-02 | 1.00
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Reaction Spectrum Teap(b) Aoeyp(b) C/E
fzk 2 3.90E-02 | 5.85E-03 | 1.21
fng_Cr 3.38E-01 | 3.05E-02 | 1.03
fng_cucrzr 4.62E-01 | 3.69E-02 | 0.75
tud_cucrzr 3.27TE-01 | 3.53E-02 | 1.14
fng_vanad 2.76E-01 | 2.27E-02 | 1.03
fng_f82h 3.25E-01 | 4.12E-02 | 1.01
fng_eurofer 3.18E-01 | 2.26E-02 | 0.96
sneg_1 5.18E-01 | 1.26E-02 | 0.80
fzk _ss316 1.79E-01 | 4.00E-03 | 0.88
fzk _ss316 1.77E-01 | 3.76E-03 | 0.89
fzk _ss316 1.98E-01 | 6.02E-03 | 0.80
rez_DF 1.31E-01 | 9.71E-04 | 1.00
rez_DF 1.22E-01 | 2.44E-03 | 1.07
rez_DF 1.40E-01 | 2.81E-03 | 0.94
fns_bmin 6.60E-02 | 4.62E-03 | 1.15
sneg_1 8.11E-02 | 4.49E-03 | 1.01
fng Cr 7.12E-02 | 9.92E-03 | 1.07
cf252_flux_1 1.07E-03 | 7.00E-05 | 1.15
rez_DF 1.80E-02 | 8.30E-04 | 1.34
d-Be3 2.03E-04 | 6.09E-05 | 0.98
d-Be3 1.65E-04 | 3.35E-05 | 1.21
d-Be 3.05E-02 | 3.50E-03 | 0.11
d-Be3 1.06E-02 | 1.60E-03 | 0.74
sneg_1 5.95E-02 | 5.89E-03 | 0.90
cf252_flux_1 3.06E-04 | 2.70E-05 | 1.81
rez_DF 3.84E-03 | 1.85E-03 | 3.66
d-Be3 2.60E-04 | 8.00E-05 | 0.32
rez_DF 2.05E-03 | 1.54E-05 | 1.58
fns_Thour 7.32E-01 | 3.66E-02 | 0.97
cf252_flux_1 5.80E-04 | 1.40E-04 | 0.73
cf252_flux_1 4.08E-04 | 9.00E-06 | 1.04
fns_Thour 7.20E-04 | 5.04E-05 | 1.12
fns_Smin 4.00E-03 | 2.80E-04 | 1.12
fns_Smin 2.45E-02 | 1.47E-03 | 1.11
d-Be 4.90E-03 | 1.20E-03 | 1.77
d-Be3 6.40E-04 | 2.00E-04 | 2.12
d-Be3 1.40E-03 | 2.80E-04 | 0.97
d-Be2a 1.38E-03 | 6.88E-04 | 1.88
d-Be2a 1.79E-03 | 3.59E-04 | 1.45
fns_5min 2.06E-02 | 1.23E-03 | 1.16
d-Be2a 7.31E-03 | 1.51E-03 | 1.32
sneg_1 9.23E-03 | 2.58E-03 | 1.44
fzk _ss316 1.08E-04 | 5.38E-05 | 1.01
fzk _ss316 1.17E-04 | 1.63E-05 | 0.94
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Reaction Spectrum Teap(b) Aoeyp(b) C/E
rez_DF 3.76E-05 | 1.09E-06 | 0.90
fns_Thour 3.34E-01 | 3.68E-02 | 0.88
sneg-1 3.09E-01 | 1.54E-02 | 0.89
sneg_2 3.43E-01 | 1.71E-02 | 0.92
fzk 2 2.87E-01 | 4.30E-02 | 0.96
fng_f82h 2.69E-01 | 1.90E-02 | 0.99
cf252 flux_1 8.46E-02 | 2.00E-03 | 1.02
cf252 flux_1 9.25E-02 | 5.00E-03 | 0.94
cf252 flux_1 8.78E-02 | 8.78E-04 | 0.99
cf252 flux_1 8.76E-02 | 4.35E-03 | 0.99
cf252 flux_1 7.90E-02 | 3.00E-03 | 1.10
fzk_1 2.82E-01 | 2.82E-02 | 0.97
fzk ss316 2.19E-01 | 4.56E-03 | 1.02
fzk ss316 2.11E-01 | 4.58E-03 | 1.05
rez_DF 1.96E-01 | 1.43E-03 | 1.15
fng_eurofer 2.46E-01 | 1.70E-02 | 0.98
fng_vanad 2.44E-01 | 7.42E-02 | 0.94
fng_SiC 8.22E-02 | 4.11E-03 | 0.97
fns_bmin 8.69E-02 | 4.34E-03 | 1.09
fns_7Thour 1.21E-01 | 6.03E-03 | 0.85
fng_f82h 9.31E-02 | 6.58E-03 | 0.99
fng_SiC 9.58E-02 | 4.79E-03 | 0.97
fng_vanad 9.16E-02 | 1.45E-02 | 0.84
sneg-1 1.07E-01 | 3.27E-03 | 0.96
sneg_2 1.10E-01 | 4.59E-03 | 1.00
cf252_flux_1 1.15E-03 | 8.00E-05 | 1.28
cf252 flux_1 1.45E-03 | 6.00E-05 | 1.02
cf252 flux_1 1.45E-03 | 3.50E-05 | 1.02
cf252 flux_1 1.18E-03 | 8.00E-05 | 1.25
cf252 flux_1 1.40E-03 | 1.68E-05 | 1.05
fzk ss316 3.43E-02 | 9.91E-04 | 1.07
fzk ss316 3.36E-02 | 9.90E-04 | 1.10
rez_DF 2.32E-02 | 4.13E-04 | 1.44
d-Be3 3.90E-04 | 1.17E-04 | 1.20
d-Be3 3.99E-04 | 7.99E-05 | 1.17
d-Be 4.10E-02 | 6.00E-03 | 0.14
d-Be2a 5.41E-03 | 5.31E-04 | 0.66
sneg_1 7.12E-02 | 9.26E-03 | 0.89
fng_SiC 1.26E-03 | 6.30E-05 | 1.16
fng_eurofer 2.48E-02 | 4.27E-03 | 0.85
fng_f82h 5.98E-03 | 5.14E-04 | 1.00
rez_DF 1.78E-03 | 6.18E-05 | 0.74
fns_Thour 3.13E-01 | 1.56E-02 | 1.39
rez_DF 1.31E-01 | 2.62E-02 | 1.02
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fns_7hour 7.54E-01 | 3.77E-02 | 0.93
cf252 flux_1 5.70E-04 | 3.00E-05 | 0.72
rez_DF 1.19E-01 | 2.38E-02 | 1.80
rez_DF 2.47E-02 | 9.89E-04 | 0.74
d-Be3 1.12E-02 | 1.80E-03 | 0.75
cf252 flux_1 6.97E-03 | 3.40E-04 | 0.69
fng_eurofer 7.25E-01 | 1.22E-01 | 0.85
cf252 flux_1 1.96E-03 | 1.00E-05 | 0.88
rez_DF 1.53E-02 | 6.13E-04 | 1.25
d-Be3 6.40E-04 | 2.00E-04 | 1.05
d-Be3 4.90E-04 | 9.80E-05 | 1.37
d-Be 3.10E-03 | 7.00E-04 | 1.70
d-Be2a 1.44E-03 | 5.80E-04 | 1.78
d-Be2a 1.47E-03 | 2.44E-04 | 1.75
fns_Smin 2.52E-02 | 1.26E-03 | 1.10
cf252_flux_1 2.00E-04 | 1.00E-05 | 1.12
cf252 flux_1 2.17E-04 | 1.40E-05 | 1.03
cf252_flux_1 2.22E-04 | 4.00E-06 | 1.00
cf252 flux_1 2.00E-04 | 1.00E-05 | 1.12
rez_DF 6.74E-03 | 2.70E-04 | 1.16
d-Be2a 8.39E-03 | 1.72E-03 | 1.21
d-Be2a 1.08E-04 | 6.45E-05 | 0.17
fns_Thour 3.12E-02 | 1.56E-03 | 1.00
fng_f82h 3.65E-02 | 1.01E-02 | 0.85
fzk 2 5.42E-03 | 5.42E-04 | 0.87
sneg_1 4.37E-02 | 3.06E-03 | 0.92
sneg_2 3.27E-02 | 2.29E-03 | 0.91
cf252 flux_1 8.95E-06 | 2.80E-07 | 0.97
fzk _ss316 1.94E-02 | 1.93E-03 | 0.99
fzk ss316 2.57E-02 | 6.16E-03 | 0.75
rez_DF 1.54E-02 | 6.45E-04 | 1.05
fzk _ss316 4.48E-04 | 2.50E-05 | 0.28
d-Be3 2.00E-05 | 1.00E-05 | 1.22
fns_7hour 6.54E-01 | 3.27E-02 | 0.99
fng_vanad 5.29E-01 | 1.07E-01 | 0.97
fzk 2 1.07E-01 | 1.07E-02 | 0.93
sneg_1 7.20E-01 | 5.04E-02 | 0.99
sneg_2 6.43E-01 | 3.86E-02 | 1.05
fng_f82h 5.08E-01 | 4.79E-02 | 1.18
fng_eurofer 4.76E-01 | 1.38E-01 | 1.15
fzk _ss316 2.44E-01 | 5.63E-03 | 1.05
fzk ss316 3.34E-01 | 3.39E-02 | 0.77
rez_DF 2.13E-01 | 4.02E-03 | 1.01
fns_7hour 2.91E-01 | 1.46E-02 | 1.03
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fzk_2 4.37E-01 | 4.37E-02 | 0.77
fng_vanad 2.72E-01 | 4.09E-02 | 0.87
sneg_1 2.98E-01 | 2.09E-02 | 0.91
cf252 flux_1 9.50E-02 | 4.50E-03 | 1.24
cf252_flux_1 1.05E-01 | 5.00E-03 | 1.12
cf252 flux_1 1.13E-01 | 4.80E-03 | 1.04
cf252_flux_1 1.19E-01 | 6.00E-03 | 0.99
cf252 flux_1 1.21E-01 | 2.00E-03 | 0.97
fzk _ss316 2.43E-01 | 5.39E-03 | 1.07
fzk _ss316 2.22E-01 | 1.33E-02 | 1.17
rez_DF 2.19E-01 | 2.68E-03 | 1.22
fns_5min 6.23E-02 | 3.12E-03 | 1.09
fng_heat 4.38E-02 | 2.36E-03 | 1.57
fzk 2 5.52E-02 | 5.52E-03 | 0.77
sneg_1 1.51E-01 | 1.20E-02 | 0.84
sneg_2 1.62E-01 | 1.29E-02 | 0.87
fzk _ss316 5.56E-02 | 2.25E-03 | 0.82
d-Be3 8.20E-02 | 1.60E-02 | 0.81
d-Be 6.10E-02 | 8.00E-03 | 0.11
fzk _ss316 8.62E-04 | 1.55E-04 | 1.06
fzk 2 1.88E-02 | 2.82E-03 | 1.15
fns_Smin 1.90E-02 | 1.14E-03 | 1.11
fng_heat 2.15E-02 | 6.53E-04 | 1.02
fns_bmin 1.54E-02 | 1.08E-03 | 1.51
fng_heat 1.85E-02 | 2.50E-03 | 0.91
fzk 2 4.60E-03 | 4.60E-04 | 0.86
sneg_1 3.09E-02 | 4.11E-03 | 0.82
fns_Smin 4.61E-01 | 2.30E-02 | 1.05
tud_cucrzr 4.91E-01 | 5.55E-02 | 1.08
cf252 flux_1 3.00E-04 | 2.70E-05 | 0.67
cf252 flux_1 1.83E-04 | 7.00E-06 | 1.10
fng_heat 5.60E-01 | 5.72E-02 | 0.90
d-Be3 4.26E-03 | 1.21E-03 | 0.70
cf252 flux_1 1.76E-02 | 1.40E-03 | 0.50
d-Be3 8.20E-04 | 2.63E-04 | 2.23
d-Be 5.31E-03 | 1.43E-03 | 2.40
d-Be2a 3.91E-03 | 7.82E-04 | 1.36
fns_7hour 5.01E-02 | 5.01E-03 | 0.81
fng_SiC 1.99E-02 | 9.94E-04 | 1.83
fzk_2 1.50E-02 | 1.50E-03 | 0.80
fng_cucrzr 3.51E-02 | 3.16E-03 | 1.06
tud_cucrzr 3.44E-02 | 3.34E-03 | 1.20
cf252 flux_1 6.71E-04 | 1.80E-05 | 1.04
cf252_flux_1 7.09E-04 | 1.70E-05 | 0.99
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fng_vanad 2.24E-02 | 8.93E-03 | 1.36
fns_Thour 8.57E-01 | 6.00E-02 | 1.04
fng_SiC 9.40E-01 | 1.88E-02 | 0.90
fzk_2 1.57E-01 | 1.57E-02 | 0.84
fng_cucrzr 9.79E-01 | 6.86E-02 | 0.88
tud_cucrzr 8.16E-01 | 2.84E-01 | 1.15
cf252_flux_1 6.65E-04 | 2.30E-05 | 1.00
cf252_flux_1 8.00E-03 | 1.20E-03 | 0.62
fng_cucrzr 5.80E-03 | 8.71E-04 | 0.85
tud_cucrzr 4.83E-03 | 5.50E-04 | 1.13
fzk 2 1.21E-03 | 1.94E-04 | 0.69
fng_SiC 1.25E-03 | 1.25E-04 | 1.51
fzk_2 7.10E-04 | 1.42E-04 | 1.08
fng_cucrzr 2.27E-03 | 2.27E-04 | 0.82
tud_cucrzr 1.50E-03 | 1.36E-04 | 1.15
d-Be3 5.10E-03 | 1.20E-03 | 1.00
fng_SiC 2.12E-02 | 1.06E-03 | 0.73
fzk_2 7.40E-03 | 7.40E-04 | 0.76
fng_cucrzr 2.16E-02 | 1.30E-03 | 0.73
tud_cucrzr 1.85E-02 | 1.37E-03 | 0.94
d-Be3 1.20E-03 | 3.00E-04 | 8.03
fns_5min 1.51E-01 | 7.56E-03 | 0.85
cf252 flux_1 4.11E-02 | 1.30E-03 | 1.04
cf252 flux_1 3.82E-02 | 1.50E-03 | 1.12
cf252 flux_1 4.64E-02 | 2.30E-03 | 0.92
cf252_flux_1 3.94E-02 | 1.00E-03 | 1.09
cf252_flux_1 4.18E-02 | 1.75E-03 | 1.02
cf252_flux_1 4.13E-02 | 2.82E-03 | 1.04
d-Be 6.70E-02 | 8.00E-03 | 0.12
d-Be2a 1.94E-02 | 3.88E-03 | 0.43
d-Be2a 9.89E-04 | 2.80E-04 | 2.94
cf252_flux_1 1.85E-03 | 1.20E-04 | 0.86
1.05E-03 | 3.66E-04 | 3.67
4.08E-03 | 8.60E-04 | 1.12
7.70E-01 | 4.62E-02 | 1.04
4.27E-03 | 8.13E-04 | 2.27
9.34E-01 | 5.60E-02 | 1.00
1.31E-02 | 7.86E-04 | 1.05
6.20E-02 | 1.30E-02 | 0.07
5.34E-01 | 3.74E-02 | 1.42
1.06E+00| 7.39E-02 | 1.00
1.00E-02 | 8.04E-04 | 1.20
1.72E-02 | 1.03E-03 | 1.11
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d-Be 3.80E-03 | 8.00E-04 | 2.40
d-Be2a 1.03E-03 | 4.30E-04 | 5.17
d-Be2a 1.49E-03 | 2.99E-04 | 3.57
d-Be2a 4.73E-03 | 1.08E-03 | 1.07
fns_5min 6.90E-01 | 8.97E-02 | 0.87
d-Be 5.50E-02 | 1.20E-02 | 0.06
fns_bmin 9.50E-01 | 6.65E-02 | 1.13
fns_Smin 8.28E-01 | 9.11E-02 | 0.99
fns_5min 3.33E-01 | 3.66E-02 | 1.11
fns_5min 9.97E-01 | 5.98E-02 | 0.96
fns_5min 4.10E-01 | 2.46E-02 | 1.02
fns_Thour 6.71E-01 | 4.03E-02 | 0.87
cf252_flux_1 2.42E-01 | 2.70E-02 | 0.19
cf252 flux_1 3.54E-02 | 2.34E-03 | 1.26
fns_Thour 9.17E-01 | 7.33E-02 | 0.95
cf252_flux_1 1.82E-01 | 2.20E-02 | 0.07
fns_Thour 2.68E-01 | 1.61E-02 | 0.89
fns_5min 1.42E-02 | 7.09E-04 | 1.14
fns_5min 3.76E-01 | 2.63E-02 | 1.11
g Y 3.31E-01 | 1.99E-02 | 1.21
fns_Thour 1.08E4-00| 7.58E-02 | 0.84
fns_5min 8.42E-01 | 1.68E-01 | 1.05
g Y 8.91E-01 | 8.91E-03 | 0.99
tud.Y 8.00E-01 | 9.00E-02 | 1.10
rez_DF 1.94E-01 | 5.82E-03 | 1.49
rez_DF 4.61E-02 | 1.38E-03 | 0.70
tud Y 3.82E-04 | 1.96E-04 | 1.18
fng Y 3.57E-04 | 1.07E-05 | 1.27
d-Be 6.50E-03 | 2.00E-03 | 2.30
fns_5min 1.64E-03 | 9.83E-05 | 1.48
fng Y 2.03E-03 | 2.64E-04 | 1.18
g Y 1.42E-02 | 1.84E-03 | 0.54
fns_5min 1.17E-01 | 5.84E-03 | 1.10
fng_heat 1.48E-01 | 8.61E-02 | 0.91
fns_Thour 7.11E-01 | 4.26E-02 | 0.99
fng_cucrzr 9.24E-01 | 6.47E-02 | 0.76
tud_cucrzr 6.71E-01 | 6.91E-02 | 1.14
cf252 flux_1 2.67E-04 | 1.50E-05 | 0.82
cf252_flux_1 2.21E-04 | 6.00E-06 | 0.99
rez_DF 1.86E-01 | 5.57E-03 | 1.40
fng Y 6.07E-01 | 7.28E-02 | 1.15
cf252 flux_1 4.50E-05 | 6.00E-06 | 1.08
d-Be 5.10E-02 | 1.10E-02 | 0.07
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cf252_flux_1 8.75E-03 | 6.50E-04 | 0.66
fns_Smin 7.92E-03 | 3.96E-04 | 1.19
fng_heat 8.06E-03 | 1.20E-03 | 1.22
fns_Thour 1.48E+00| 7.42E-02 | 0.99
fzk_1 4.73E-01 | 8.21E-02 | 0.71
cf252 flux_1 4.17E-03 | 2.10E-04 | 1.56
fns_Thour 4.68E-01 | 2.34E-02 | 0.96
fng_heat 5.18E-01 | 6.52E-02 | 0.84
fng_SiC 3.93E-01 | 1.18E-02 | 1.06
fzk 2 2.76E-01 | 4.14E-02 | 0.29
fzk _ss316 1.58E-01 | 1.58E-02 | 0.91
fzk ss316 1.07E-01 | 2.90E-02 | 1.35
rez_DF 1.23E-01 | 3.68E-03 | 0.99
fng_vanad 4.81E-01 | 6.59E-02 | 0.72
fzk_1 7.06E-02 | 7.80E-02 | 1.13
d-Be3 1.78E-01 | 2.40E-02 | 1.19
d-Be3 2.02E-01 | 2.40E-02 | 1.05
rez_DF 1.84E-02 | 1.66E-03 | 0.79
rez_DF 1.93E-05 | 2.51E-06 | 2.19
fns_5min 3.45E-03 | 2.42E-04 | 0.65
fns_5min 5.11E-03 | 3.58E-04 | 0.86
d-Be3 6.10E-04 | 2.00E-04 | 0.54
d-Be3 4.90E-04 | 9.80E-05 | 0.67
d-Be 4.10E-03 | 8.00E-04 | 0.55
d-Be2a 2.15E-04 | 6.45E-05 | 3.62
d-Be2a 1.61E-03 | 2.80E-04 | 4.11
d-Be2a 1.54E-03 | 3.08E-04 | 4.30
fng_heat 1.35E-02 | 3.28E-03 | 0.45
fns_5min 4.97E-03 | 2.98E-04 | 1.05
4.76E-03 | 2.86E-04 | 1.08
1.93E-03 | 4.30E-04 | 1.51
2.80E-03 | 3.00E-04 | 0.96
4.09E-03 | 4.30E-04 | 1.39
3.80E-03 | 5.00E-04 | 1.50

fns_5min 2.15E-01 | 1.08E-02 | 0.99
fng_heat 2.76E-01 | 7.16E-03 | 0.81

2.35E-01 | 2.83E-03 | 0.95
fzk _ss316 2.92E-03 | 1.61E-03 | 1.70
fns_Thour 1.85E-01 | 1.66E-02 | 1.26
fzk _ss316 3.99E-03 | 2.39E-03 | 1.84
fns_Thour 6.15E-02 | 3.08E-03 | 1.05
fzk _ss316 3.29E-02 | 1.61E-03 | 1.21
fng_Mo 5.49E-02 | 2.09E-03 | 1.10
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Spectrum Teap(b) Aoeyp(b) C/E
cf252 flux_1 1.68E-02 | 7.00E-04 | 0.49
sneg_1 2.27E-02 | 2.04E-03 | 1.48
cf252_flux_1 4.20E-04 | 2.00E-05 | 0.31
fzk _ss316 8.69E-03 | 3.84E-04 | 1.25
fng_Mo 2.68E-02 | 2.33E-03 | 1.14
fzk _ss316 1.51E-03 | 5.13E-04 | 0.21
fzk ss316 8.38E-03 | 1.39E-03 | 0.83
fns_Thour 3.44E-02 | 2.07E-03 | 0.96
fng_vanad 4.25E-02 | 1.54E-02 | 0.60
sneg_1 3.73E-02 | 3.32E-03 | 0.94
fng_Mo 3.18E-02 | 2.78E-03 | 1.02
cf252 flux_1 1.44E-04 | 1.44E-04 | 0.32
fng_Mo 7.30E-03 | 6.58E-04 | 0.85
fzk ss316 5.41E-03 | 7.03E-04 | 0.46
cf252_flux_1 2.20E-02 | 2.00E-03 | 0.01
fzk _ss316 9.30E-03 | 4.15E-04 | 1.44
sneg-1 2.08E-02 | 2.08E-03 | 1.06
fng Mo 2.03E-02 | 1.14E-03 | 0.99
cf252_flux_1 2.63E-02 | 1.30E-03 | 0.77
d-Be3 5.04E-04 | 1.63E-04 | 0.92
fns_Thour 7.47E-03 | 1.42E-03 | 0.86
fns_7Thour 1.50E+00| 7.52E-02 | 0.96
sneg_1 1.53E+00| 1.22E-01 | 0.99
sneg_2 1.51E+00| 1.21E-01 | 1.00
fng_vanad 1.12E+00| 3.63E-01 | 0.99
fzk _ss316 4.13E-01 | 9.55E-03 | 1.09
fzk ss316 3.28E-01 | 1.31E-01 | 1.38
fng_ Mo 1.29E+00| 4.04E-02 | 1.09
cf252_flux_1 1.48E-02 | 1.11E-03 | 1.21
fzk _ss316 8.16E-02 | 1.71E-02 | 0.02
fns_5min 5.50E-01 | 2.75E-02 | 0.96
fns_5min 2.94E-02 | 3.23E-03 | 1.02
fns_5min 6.60E-03 | 3.30E-04 | 1.09
fns_Smin 1.41E-01 | 3.65E-02 | 2.40
rez_DF 7.05E-01 | 3.52E-02 | 0.21
rez_DF 5.51E-02 | 2.20E-03 | 1.40
fns_Smin 2.66E-02 | 2.12E-03 | 2.45
rez_DF 4.75E-03 | 1.90E-04 | 1.99
d-Be 3.60E-02 | 6.00E-03 | 0.19
fns_Smin 3.60E-01 | 1.80E-02 | 1.20
fns_5min 3.24E-01 | 1.94E-02 | 1.32
fns_5min 1.45E+00| 8.71E-02 | 0.98
fns_Smin 6.96E-01 | 3.48E-02 | 0.99
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fng_heat 9.67E-01 | 2.51E-02 | 0.74
Ag-107(n,t)Pd-105 d-Be3 1.99E-04 | 1.595-04 | 2.62

d-Be 4.54E-03 | 8.26E-04 | 2.37
Ag-107(n,h)Rh-105 d-Be2a 3.30E-03 | 6.61E-04 | 0.93

d-Be2a 2.24E-03 | 3.57TE-04 | 1.37
Ag-109(n,2n)Ag-108g fns_Smin 5.91E-01 | 4.14E-02 | 0.97

fng_heat 9.61E-01 | 2.50E-02 | 0.62
Cd-110(n,g)Cd-111 cf252_flux_1 2.04E-01 | 7.00E-03 | 0.30
Cd-112(n,2n)Cd-111m fns_bmin 4.64E-01 | 2.32E-02 | 1.20

fng_heat 6.83E-01 | 2.64E-02 | 0.85
Cd-116(n,g)Cd-117 cf252 flux_1 3.80E-02 | 1.40E-02 | 0.46
In-113(n,2n)In-112m cf252_flux_1 3.75E-03 | 1.85E-03 | 0.33
In-113(n,2n)In-112 cf252_flux_1 9.50E-03 | 4.75E-03 | 0.16
In-115(n,2n)In-114g fns_bmin 1.99E-01 | 5.29E-03 | 1.22
In-115(n,na)Ag-111 d-Be2a 3.66E-03 | 6.45E-04 | 6.33
In-115(n,g)In-116m cf252_flux_1 1.24E-01 | 3.60E-03 | 0.37

cf252_flux_1 1.39E-01 | 6.00E-02 | 0.33
In-115(n,g)In-116 fns_bmin 7.06E-02 | 2.83E-03 | 2.44
In-115(n,t)Cd-113 d-Be 3.90E-03 | 7.99E-04 | 2.16
In-115(n,h)Ag-113g d-Be2a 2.15E-04 | 6.45E-05 | 4.39
In-115(n,h)Ag-113 d-Be2a 1.04E-03 | 2.14E-04 | 0.91
In-115(n,a)Ag-112 d-Be2a 2.58E-03 | 6.455-04 | 2.0
Sn-112(n,2n)Sn-111 fng_Sn 1.17E400| 1.05E-01 | 0.96
Sn-114(n,2n)Sn-113 fng_Sn 1.94E+00| 9.37E-02 | 0.58
Sn-114(n,np)In-113m fng_Sn 4.23E-03 | 9.91E-04 | 0.37
Sn-116(n,p)In-116 fng Sn 9.47TE-02 | 7.41E-04 | 1.28
Sn-116(n,np)In-115m fng_Sn 1.10E-03 | 1.05E-04 | 0.40
Sn-117(n,p)In-117m fng_Sn 4.09E-03 | 6.39E-04 | 0.79
Sn-117(n,p)In-117 fng_Sn 1.81E-02 | 6.55E-04 | 0.75
Sn-118(n,2n)Sn-117m fns_Thour 9.50E-01 | 1.14E-01 | 0.80

fng_Sn 1.32E4-00| 3.27E-02 | 0.57
Sn-118(n,p)In-118m fns_5min 4.93E-03 | 3.45E-04 | 1.36
Sn-118(n,a)Cd-115g fng_Sn 1.23E-03 | 2.37E-04 | 0.47
Sn-120(n,2n)Sn-119m fns_Thour 4.80E-01 | 1.01E-01 | 1.22
Sn-120(n,p)In-120m fns_bmin 8.33E-03 | 1.00E-03 | 0.06
Sn-120(n,a)Cd-117g fng_Sn 3.84E-04 | 5.325-05 | 0.56
Sn-120(n,a)Cd-117m fng Sn 3.90E-04 | 6.11E-05 | 1.06
Sn-124(n,2n)Sn-123g fns_Thour 1.04E400| 1.46E-01 | 1.09

fng_Sn 2.21E+00| 8.96E-01 | 0.50
Sn-124(n,2n)Sn-123m fns_bmin 4.01E-01 | 2.41E-02 | 1.19

fng_heat 5.84E-01 | 2.51E-02 | 0.85

fng_Sn 5.60E-01 | 1.71E-02 | 0.88
Sb-121(n,2n)Sb-120g fns_bmin 7.77E-01 | 4.66E-02 | 1.24
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Reaction Spectrum Oeap(b) Aoegp(b) C/E
Sb-121(n,t)Sn-119 d-Be 4.50E-03 | 1.36E-03 | 2.00
Te-128(n,t)Sb-126 d-Be 2.50E-02 | 6.00E-03 | 0.12
Te-130(n,2n)Te-129¢g fns_5min 5.63E-01 | 4.51E-02 | 0.95
I-127(n,2n)I-126 cf252 flux_1 2.07E-03 | 7.00E-05 | 1.03
I-127(n,g)I-128 fns_5min 1.93E-02 | 1.16E-03 | 1.73
I-127(n,h)Sb-125 d-Be2a 5.59E-04 | 1.08E-04 | 4.02
I-127(n,a)Sb-124 d-Be2a 1.93E-03 | 3.23E-04 | 2.99
Cs-133(n,2n)Cs-132 fns_Smin 1.12E+00| 8.98E-02 | 1.10
Cs-133(n,h)1-131 d-Be2a 4.78E-04 | 9.02E-05 | 1.15
Ba-134(n,2n)Ba-133m fns_Thour 7.25E-01 | 1.01E-01 | 1.09
Ba-134(n,g)Ba-135 cf252 flux_1 2.55E-01 | 2.80E-02 | 0.22
Ba-134(n,t)Cs-132 d-Be 1.50E-02 | 2.00E-03 | 0.29
Ba-136(n,2n)Ba-135m fns_Thour 9.45E-01 | 1.42E-01 | 1.06
Ba-136(n,g)Ba-137 cf252_flux_1 2.93E-01 | 2.90E-02 | 0.08
Ba-136(n,p)Cs-136 fns_Thour 5.03E-03 | 2.61E-03 | 1.08
Ba-138(n,2n)Ba-137m fns_5min 6.65E-01 | 5.32E-02 | 1.36
Ba-138(n,g)Ba-139 cf252_flux_1 3.80E-03 | 4.00E-04 | 0.66

cf252_flux_1 1.30E-03 | 2.60E-04 | 1.92
Ba-138(n,p)Cs-138 fns_bmin 2.54E-03 | 2.54E-04 | 1.08
La-139(n,g)La-140 tud_Er 2.48E-03 | 1.56E-04 | 1.00
La-139(n,p)Ba-139 fns_5min 3.66E-03 | 1.58E-03 | 1.01

tud_Er 4.00E-03 | 9.53E-04 | 0.85
La-139(n,t)Ba-137 d-Be 7.00E-03 | 1.50E-03 | 0.93
La-139(n,h)Cs-137 d-Be2a 4.52E-04 | 8.60E-05 | 1.62

d-Be2a 4.65E-04 | 6.15E-05 | 1.58
La-139(n,a)Cs-136 d-Be2a 2.04E-03 | 3.23E-04 | 1.13

tud_Er 2.05E-03 | 2.05E-03 | 1.03
Ce-140(n,2n)Ce-139m fns_5min 6.98E-01 | 4.89E-02 | 1.18
Ce-140(n,a)Ba-137m fns_bmin 2.62E-03 | 1.83E-04 | 1.11
Ce-142(n,p)La-142 fns_dmin 4.05E-03 | 1.66E-03 | 1.21
Pr-141(n,2n)Pr-140 fns_5min 1.01E+00| 8.09E-02 | 1.49
Pr-141(n,t)Ce-139 d-Be 9.40E-03 | 2.00E-03 | 1.43

d-Be 2.30E-02 | 6.00E-03 | 0.58
Nd-142(n,2n)Nd-141m fns_bmin 4.11E-01 | 5.34E-02 | 1.35
Nd-146(n,h)Ce-144 d-Be2a 2.58E-04 | 8.60E-05 | 2.73
Nd-146(n,a)Ce-143 d-Be2a 2.15E-03 | 3.23E-04 | 1.75
Nd-150(n,2n)Nd-149 fns_bmin 8.29E-01 | 1.24E-01 | 1.78
Sm-144(n,2n)Sm-143m fns_Hmin 4.87E-01 | 5.85E-02 | 0.98
Sm-144(n,2n)Sm-143 fns_bmin 1.04E400| 1.14E-01 | 1.01
Sm-150(n,p)Pm-150 fng ScSmGd 6.05E-03 | 7.26E-04 | 1.02
Sm-152(n,a)Nd-149 fng_ScSmGd 2.55E-03 | 3.06E-04 | 1.04
Sm-154(n,2n)Sm-153 fng_ScSmGd 1.84E+400| 6.42E-02 | 0.98
Gd-158(n,p)Eu-158 fng_ScSmGd 3.17E-03 | 1.46E-04 | 1.01
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Reaction Spectrum Oeap(b) Aoegp(b) C/E
Gd-158(n,a)Sm-155 fng_ScSmGd 1.11E-03 | 6.67TE-05 | 1.06
Gd-160(n,2n)Gd-159 fns_5min 1.26E+00| 2.39E-01 | 1.35

fng_ScSmGd 1.96E+00| 6.08E-02 | 0.91
Gd-160(n,g)Gd-161 fns_5min 3.78E-03 | 6.43E-04 | 1.45
Gd-160(n,p)Eu-160 fns_Smin 1.77E-03 | 4.42E-04 | 0.96
Tbh-159(n,2n) Th-158m fns_Smin 3.24E-01 | 5.65E-01 | 0.74
Tbh-159(n,p) Gd-159 fns_Smin 2.04E-02 | 3.93E-02 | 0.27
Tb-159(n,t)Gd-157 d-Be 7.90E-03 | 2.00E-03 | 2.15
Tb-159(n,a)Eu-156 d-Be2a 1.55E-03 | 2.58E-04 | 2.23
Dy-156(n,2n)Dy-155 fng Dy 1.53E+00] 8.09E-02 | 1.07
Dy-158(n,2n)Dy-157 fog Dy 1.92E+00] 7.28E-02 | 0.97
Dy-162(n,p) Th-162 fus_bmin 2.48E-03 | 2.97E-04 | 1.51

fng Dy 4.08E-03 | 1.92E-04 | 0.96
Dy-162(n,t)Tb-160 d-Be 1.60E-02 | 3.30E-03 | 0.32
Dy-163(n,p)Th-163 fng Dy 3.33E-03 | 1.37E-04 | 1.07
Dy-164(n,g)Dy-165g fng Dy 2.97E-02 | 1.34E-03 | 0.66
Dy-164(n,g)Dy-165m fns_5min 1.01E-01 | 1.51E-02 | 1.30
Dy-164(n,g)Dy-165 fns_5min 3.56E-02 | 8.19E-03 | 5.34
Dy-164(n,p)Tb-164 fns_5min 1.13E-03 | 1.47TE-04 | 2.09
Ho-165(n,2n)Ho-164m fns_Smin 7.14E-01 | 1.00E-01 | 1.19
Ho-165(n,2n)Ho-164 fns_Smin 1.44E+00]| 2.02E-01 | 1.20
Ho-165(n,t)Dy-163 d-Be 9.80E-03 | 2.00E-03 | 2.07
Ho-165(n,h)Tb-163 d-Be2a 1.72E-04 | 4.30E-05 | 8.39
Ho-165(n,a)Tb-162 d-Be2a 1.85E-03 | 3.23E-04 | 1.30
Er-162(n,2n)Er-161 tud_Er 1.42E+00| 1.19E-01 | 1.03
Er-164(n,2n)Er-163 tud_Er 1.84E400| 1.73E-01 | 0.93
Er-166(n,2n)Er-165 fns_5min 3.54E-01 | 1.31E-01 | 5.02
Er-166(n,p)Ho-166g tud_Er 3.50E-03 | 2.20E-04 | 0.75
Er-167(n,p)Ho-167 tud_Er 2.87B-03 | 1.61E-04 | 1.24
Er-168(n,p)Ho-168 fns_5min 2.10E-03 | 2.10E-04 | 1.06

tud_Er 2.39E-03 | 1.79E-04 | 0.87
Er-170(n,p)Ho-170g tud _Er 1.52E-03 | 2.84E-04 | 0.57
Er-170(n,d)Ho-169 tud_Er 1.69E-04 | 3.97E-05 | 0.66
Tm-169(n,2n)Tm-168 fns_Smin 1.98E+00]| 4.96E-01 | 0.90
Yb-168(n,2n)Yb-167 fns_Smin 1.53E+00]| 5.65E-01 | 1.10
Yb-174(n,p) Tm-174 fns_Smin 1.82E-03 | 3.10E-04 | 1.06
Yb-174(n,h)Er-172 d-Be2a 2.15E-04 | 5.38E-05 | 1.06
Yb-174(n,a)Er-171 d-Be2a 1.93E-03 | 3.23E-04 | 1.82
Lu-175(n,g)Lu-176m fns_5min 5.23E-02 | 1.10E-02 | 1.33
Lu-175(n,2n)Lu-174g rez_DF 5.94E-01 | 1.78E-02 | 0.45
Lu-175(n,3n)Lu-173 rez_DF 1.68E-01 | 5.04E-03 | 1.51
Lu-175(n,4n)Lu-172 rez_DF 1.74E-02 | 5.23E-04 | 1.23

Hf-174(n,2n)Hf-173

fng_hafnium

1.86E+00| 3.73E-01 | 1.02
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Reaction Spectrum Oexp(b) Aoezp(b) C/E
fng_hafnium 1.75E+00| 1.96E-01 | 1.01
fng_hafnium 5.94E-04 | 1.08E-04 | 1.01
fng_hafnium 3.67E-03 | 1.18E-03 | 0.86
fng_hafnium 1.08E-02 | 2.51E-03 | 0.60
fng_heat 4.41E-02 | 2.42E-03 | 0.65
fng_hafnium 1.14E-02 | 6.65E-04 | 2.48
fns_5min 1.80E-02 | 1.44E-03 | 1.60
fns_5min 6.05E-02 | 4.84E-03 | 3.52
fng_hafnium 9.28E-03 | 1.51E-03 | 0.40
fns_bmin 3.52E-03 | 2.11E-04 | 0.68
fng_hafnium 3.87E-03 | 9.36E-04 | 0.62
fng_heat 3.79E-03 | 3.00E-04 | 0.66
fns_Thour 7.57E-01 | 7.57E-02 | 1.45
fns_Smin 1.05E+400{ 1.36E-01 | 0.96
fng Ta 1.01E400] 2.32E-02 | 1.00
tud_Ta 8.11E-01 | 2.08E-01 | 1.20
rez_DF 2.92E-01 | 8.07E-03 | 1.00
rez_DF 3.30E-01 | 3.99E-03 | 0.88
rez_DF 3.00E-05 | 1.23E-06 | 6.18
rez_DF 4.91E-04 | 6.61E-06 | 2.53
rez_DF 1.25E-02 | 2.36E-04 | 0.16
fng_Ta 1.20E-04 | 4.13E-05 | 0.30
fng_eurofer 1.19E+00| 1.79E-01 | 1.00
cf252 flux_1 1.20E-01 | 6.50E-03 | 0.68
cf252 flux_1 8.92E-02 | 1.07E-03 | 0.92
fng_Ta 4.21E-02 | 2.90E-03 | 0.71
rez_DF 2.00E-01 | 3.27E-03 | 0.22
rez_DF 3.38E-02 | 2.91E-04 | 1.29
fns_Thour 1.09E-02 | 2.41E-03 | 0.49
fns_Thour 7.53E-03 | 1.43E-03 | 0.45
fng_Ta 3.40E-03 | 4.31E-04 | 1.04
tud_Ta 2.94E-03 | 3.85E-04 | 1.06
rez_DF 1.74E-03 | 1.65E-05 | 1.46
rez_DF 2.83E-06 | 6.00E-08 | 0.00
5.90E-04 | 2.40E-04 | 1.08
4.50E-03 | 1.30E-03 | 1.44
9.20E-05 | 2.59E-05 | 3.78
1.01E-03 | 4.04E-04 | 0.65
2.31E-04 | 2.77E-05 | 1.56
2.20E-04 | 2.30E-05 | 1.42
8.70E-02 | 2.61E-02 | 0.99
1.71E-02 | 2.56E-03 | 0.92
fns_Thour 1.57E+00| 2.35E-01 | 1.27
fng_tung 1.37TE+00| 1.75E-01 | 1.18
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Reaction Spectrum Teap(b) Aoeyp(b) C/E
fzk 2 5.39E-01 | 7.24E-02 | 0.86
fng_eurofer 1.44E+00| 1.66E-01 | 1.13
sneg-1 6.30E-03 | 2.02E-03 | 0.88
fng_tung 3.73E-03 | 6.19E-04 | 1.10
sneg_1 4.44E-03 | 3.02E-04 | 1.24
sneg_2 3.87E-03 | 8.12E-04 | 1.13
fzk ss316 2.92E-02 | 3.80E-03 | 0.16
fzk 2 7.10E-04 | 1.06E-04 | 1.18
rez_DF 2.92E-03 | 1.10E-04 | 1.24
rez_DF 1.85E-05 | 1.81E-06 |12.29
sneg-1 5.02E-03 | 3.45E-04 | 1.50
sneg_2 4.88E-03 | 4.51E-04 | 1.22
fng_f82h 4.15E-03 | 2.71E-04 | 1.43
fns_Thour 2.27E-03 | 1.59E-04 | 0.99
fng_tung 2.63E-03 | 2.28E-04 | 0.81
fng_f82h 1.98E-03 | 2.94E-04 | 1.13
sneg_1 2.78E-03 | 1.80E-04 | 1.04
fzk ss316 2.13E-03 | 3.13E-04 | 1.41
fzk 2 6.29E-04 | 9.43E-05 | 0.81
rez_DF 1.84E-03 | 3.78E-05 | 1.45
d-Be 1.20E-02 | 2.00E-03 | 0.44
fng_tung 6.27E-04 | 5.39E-05 | 1.07
fzk 2 1.66E-04 | 2.49E-05 | 1.05
sneg_1 7.52E-04 | 5.64E-05 | 1.22
sneg_2 5.35E-04 | 9.64E-05 | 1.25
rez_DF 4.14E-04 | 1.51E-05 | 2.51
fns_5min 3.22E-01 | 4.18E-02 | 2.01
fng_heat 5.64E-01 | 9.35E-02 | 1.18
fng_tung 5.71E-01 | 9.30E-02 | 0.97
sneg_1 7.83E-01 | 5.64E-02 | 0.89
fns_Thour 1.38E+00| 2.06E-01 | 1.28
fzk 2 4.86E-01 | 6.84E-02 | 0.91
fng_tung 1.34E+400| 1.65E-01 | 1.02
rez_DF 5.41E-01 | 1.78E-02 | 0.88
rez_DF 2.73E-03 | 6.53E-05 | 1.23
fzk 2 2.00E-06 | 8.00E-07 | 0.92
rez_DF 4.55E-05 | 6.83E-06 | 4.05
fng_f82h 3.48E-01 | 2.46E-02 | 0.88
fng_tung 1.29E+00| 8.29E-02 | 0.96
sneg_1 4.34E-03 | 3.90E-04 | 0.27
fzk ss316 2.28E-02 | 1.48E-03 | 0.57
fns_bmin 1.26E-03 | 1.63E-04 | 1.49
fng_heat 2.86E-03 | 1.48E-04 | 0.69
fng_tung 1.84E-03 | 2.75E-04 | 0.92
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Reaction Spectrum Oexp(b) Aoezp(b) C/E
fzk_2 5.44E-04 | 8.16E-05 | 0.87
sneg_1 2.29E-03 | 3.66E-04 | 1.02
d-Be2a 1.18E-04 | 3.23E-05 | 2.20
fng_tung 5.33E-04 | 8.43E-05 | 0.84
fzk 2 1.27E-04 | 1.90E-05 | 1.03
sneg-1 7.18E-04 | 1.08E-04 | 0.85
d-Be2a 1.40E-03 | 2.15E-04 | 2.19
rez_DF 4.62E-04 | 2.31E-05 | 2.26
fns_Thour 1.66E+00| 8.30E-02 | 1.02
fng_heat 2.58E+400| 2.17E-01 | 0.63
fng_Re 1.87E+00| 2.82E-01 | 0.87
fns_7hour 3.73E-01 | 2.24E-02 | 1.01
fng_Re 2.99E-01 | 6.46E-02 | 1.23
fng_Re 4.41E-02 | 1.37E-02 | 1.39
fns_5min 1.37E-03 | 1.64E-04 | 1.13
fns_Thour 1.60E4+00| 1.60E-01 | 1.14
fns_5min 1.42E+00| 1.28E-01 | 1.17
fng_heat 9.54E-01 | 5.25E-02 | 1.78
fng Re 1.86E+00| 2.64E-01 | 0.92
fng Re 7.02E-03 | 4.46E-03 | 1.27
fns_5min 3.98E-03 | 3.58E-04 | 1.19
fng_Re 3.19E-01 | 6.93E-02 | 0.65
fng_Re 4.43E-03 | 6.55E-04 | 1.04
d-Be 3.30E-03 | 5.63E-04 | 2.26
fng Re 7.10E-04 | 1.59E-04 | 0.99
fns_5min 2.42E-01 | 3.14E-02 | 3.22
fns_bmin 1.87E-01 | 2.81E-02 | 0.98
fns_5min 8.09E-01 | 6.47E-02 | 1.27
fns_5min 1.03E+00| 4.18E-02 | 1.16
fns_5min 9.17E-02 | 5.50E-03 | 1.30
rez_DF 3.46E-02 | 1.73E-03 | 1.17
cf252_flux_1 4.30E-03 | 5.00E-04 | 1.30
cf252 flux_1 5.27E-03 | 2.26E-04 | 1.06
cf252_flux_1 5.25E-03 | 3.10E-04 | 1.06
cf252 flux_1 5.80E-03 | 2.90E-04 | 0.96
cf252_flux_1 5.50E-03 | 1.40E-04 | 1.02
rez_DF 4.99E-01 | 2.00E-02 | 1.01
rez_DF 2.75E-01 | 1.38E-02 | 1.00
rez_DF 2.88E-02 | 8.64E-04 | 0.87
cf252 flux_1 1.10E-01 | 5.00E-03 | 0.67
cf252_flux_1 7.70E-02 | 7.70E-05 | 0.96
cf252 flux_1 7.80E-02 | 3.00E-03 | 0.95
d-Be 3.90E-03 | 9.00E-04 | 1.39
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Reaction Spectrum Oexp(b) Aoezp(b) C/E
1.07E-04 | 3.23E-05 | 2.49
8.03E-05 | 1.95E-05 | 3.32
1.44E-03 | 2.15E-04 | 1.88
1.07E-04 | 2.15E-05 | 0.00
cf252 flux_1 1.68E-01 | 6.00E-03 | 0.32
fns_5min 7.87E-01 | 6.30E-02 | 1.15
fns_5min 1.41E+00| 1.97E-01 | 1.22
fns_5min 1.85E-03 | 9.26E-05 | 1.52
fns_5min 1.58E-03 | 9.45E-05 | 1.26
d-Be3 6.07E-04 | 2.80E-04 | 1.54
d-Be 4.60E-03 | 1.35E-03 | 2.13
d-Be 2.00E-02 | 4.00E-03 | 0.49
fns_5min 4.60E-02 | 1.75E-02 | 2.01
fng_heat 8.15E-02 | 3.83E-03 | 1.12
tud_Pb 6.19E-02 | 5.63E-03 | 1.50
fns_bmin 1.40E+00| 8.38E-02 | 0.72
fns_Thour 2.13E400| 1.07E-01 | 0.94
tud_Pb 1.94E+00| 1.67E-01 | 0.95
tud_Pb 5.02E-04 | 5.42E-05 | 1.02
fns_Thour 1.57E-03 | 1.00E-03 | 0.34
fns_5min 9.98E-04 | 5.99E-05 | 0.74
tud_Pb 8.38E-04 | 8.88E-05 | 0.73
d-Be3 5.81E-04 | 1.76E-04 | 0.59
d-Be 1.60E-02 | 3.00E-03 | 0.31
rez_DF 2.96E-01 | 2.09E-02 | 0.89
rez_DF 3.01E-02 | 8.53E-04 | 0.83
fns_5min 1.09E-03 | 3.10E-03 | 1.96
d-Be3 7.80E-04 | 2.50E-04 | 0.56
d-Be 3.70E-03 | 7.00E-04 | 1.02
d-Be2a 6.14E-05 | 2.05E-05 | 4.69
fns_5min 3.26E-04 | 5.21E-05 | 3.33
cf252 flux_1 8.94E-02 | 2.40E-03 | 0.90
cf252 flux_1 8.47E-02 | 4.90E-03 | 0.95
cf252_flux_1 9.70E-01 | 4.50E-02 | 0.89
cf252 flux_1 1.95E+00| 3.12E-02 | 0.98
cf252 flux_1 1.89E+00| 4.80E-02 | 1.01
cf252 flux_1 1.20E+00| 1.40E-02 | 1.00
cf252_flux_1 1.27E+00| 1.82E-02 | 0.96
cf252 flux_1 1.21E+00| 2.20E-02 | 1.01
cf252 flux_1 1.22E+00| 1.90E-02 | 1.00
cf252 flux_1 1.056E+00| 3.10E-02 | 1.17
cf252 flux_1 1.23E+00| 1.70E-02 | 1.00
cf252 flux_1 6.12E-01 | 8.00E-03 | 0.98
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Reaction Spectrum Oexp(b) Aoezp(b) C/E
cf252_flux_1 1.92E-01 | 1.90E-03 | 0.11
cf252 flux_1 1.22E-02 | 1.50E-03 | 1.75
cf252 flux_1 3.29E-01 | 1.00E-02 | 0.98
cf252_flux_1 3.24E-01 | 1.40E-02 | 0.99
cf252 flux_1 2.88E-01 | 7.00E-03 | 1.12
cf252 flux_1 3.08E-01 | 1.70E-02 | 1.04
cf252 flux_1 3.32E-01 | 5.00E-03 | 0.97
cf252_flux_1 3.11E-01 | 1.40E-02 | 1.03
cf252 flux_1 4.66E-03 | 4.66E-04 | 0.25
cf252_flux_1 1.26E+00| 6.00E-02 | 1.07
cf252_flux_1 1.38E+00| 1.00E-01 | 0.98
cf252_flux_1 1.37E+00| 2.00E-02 | 0.98
cf252 flux_1 1.44E+00]| 2.29E-02 | 0.94
cf252_flux_1 1.80E+00| 6.00E-02 | 1.00
cf252_flux_1 1.84E+00| 2.40E-02 | 0.98
cf252_flux_1 1.86E+4-00| 3.01E-02 | 0.97
cf252_flux_1 1.79E+00| 4.10E-02 | 1.00
cf252_flux_1 1.34E+00| 3.20E-02 | 1.02
cf252 flux_1 1.31E+00| 3.00E-02 | 1.05
cf252 flux_1 1.62E+00| 8.00E-02 | 1.00
cf252_flux_1 1.74E+00]| 5.40E-02 | 0.93
cf252 flux_1 1.14E+00]| 2.30E-02 | 0.96
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Integro-Differential Validation

108 (n,t) ®Be

25

C/E = 2.06

C/E

1.5

1 1.00
1 ‘ 1.00

Kornilov1990.tot
Kornilov1990A001.tot
Kornilov1990A002.tot

N
443( i TENDL17 total
N
N

Cross section (b)

o)
Q;Q 1.0E-02 1.0E+00 1.0E+02 1.0E+04 1.0E+06
N
N

Energv (eV)
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Cross section (b)

5.2 Nitrogen UKAEA-R(18)004
Integro-Differential Validation

14N (n,2n) 13N

1.2
1.1
<3 1 C/E = 0.98 1.00
O ° 1.00
09
0.8
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5.2 Nitrogen UKAEA-R(18)004

Integro-Differential Validation
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Cross section (b)
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Cross section (b)

5.4 Fluorine
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Cross section (b)

5.4 Fluorine
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5.5 Neon
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Integro-Differential Validation
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Cross section (b)
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5.6 Sodium
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Cross section (b)

5.6 Sodium
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Cross section (b)
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Magnesium UKAEA-R(18)004
Integro-Differential Validation
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5.8 Aluminium
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Cross section (b)
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Cross section (b)

5.8 Aluminium
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Cross section (b)

0 2 4 6, & 4 Z z Z Z 2
[7) 27) %) .0), .0, %) . s iy .8 )
@00 &02 6102 6202 &02 2, ) 9&0 % &0/ &0/ &0[ &0/

5.8 Aluminium

UKAEA-R(18)004
Integro-Differential Validation
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5.9 Silicon UKAEA-R(18)004
Integro-Differential Validation
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5.9 Silicon
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5.10 Phosphorus UKAEA-R(18)004
Integro-Differential Validation
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5.10 Phosphorus UKAEA-R(18)004
Integro-Differential Validation

31p (n,t) 29si

24
22
2 F C/E =+ 1.92
°
1.8
4
O
1.6
14
1.2
1 1.00
‘ 1.00
&
@/
é; TENDL17 total
&
af
Y
R
o
&
\'l
~~ o
O
=IN
.8
k3]
O I
ZIPY
XD
w2
o
S
@) <t
&
S
ol
S
S
ol
§
v
S | | | |
@3 .OE+07 1.5E+07 2.0E+07 2.5E+07
S Energy (eV)

UKAEA Page 79 of [531]

3.0E+07



5.10 Phosphorus
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Integro-Differential Validation
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5.10 Phosphorus UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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Cross section (b)
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Cross section (b)

5.11  Sulfur UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

4 2 < 6, 8, Z z Z Z Z 2
2 ) ‘0, 27) %7) -0, g g -6 ) )
Sy %y, g %y, TRy, Ty %, T, 0, T, 0,

5.11

Sulfur UKAEA-R(18)004
Integro-Differential Validation
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5.12 Chlorine

UKAEA-R(18)004

Integro-Differential Validation
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Cross section (b)
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Cross section (b)
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Integro-Differential Validation

C/E

1.5

0.7

3701 (n,p) 37g

0.73

TENDLI17 total
Belgaid1992.tot
Cohen1956.tot
Fessler2000.tot
Guptal985.tot
HyvoenenDabek1978.tot
. Kasugail998.tot
Khuranal960.tot .

T Khuranal965.tot B
Manil1960.tot -
Mathur1966.tot N
| Mitral967.tot -
- Ngoc1980.tot .
at l Pasquarelli1967.tot .

Paul1953.tot

Prasad1971.tot
L Scalan1958.tot .
Schantl1970.tot °

0'06}00

5.0E+06

1.0E+07

1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)

UKAEA Page 88 of 531



5.12 Chlorine UKAEA-R(18)004
Integro-Differential Validation
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5.13 Argon

UKAEA-R(18)004
Integro-Differential Validation
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5.14 Potassium UKAEA-R(18)004
Integro-Differential Validation
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5.14 Potassium
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Integro-Differential Validation
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5.14 Potassium UKAEA-R(18)004

Integro-Differential Validation
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5.14 Potassium UKAEA-R(18)004

Integro-Differential Validation
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Cross section (b)

5.14 Potassium
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Integro-Differential Validation

A1k (n,a) 38¢)

C/E

0.7

0.75

7

6,
-0
%,

3,
-0,
%,

<
-0,
%,

3
-0,
%,

%o,

1.0&02

7
47 I I

TENDLI17 total
TENDLI17g — — —
TENDLI7m — — —
Bass1965.tot N

Bormann1960.tot
Bramlitt1963.tot
Ercan1991.tot
Filatenkov1999.tot
Garuskal980.tot
Tkeda1988.tot .
Janczyszyn1973.L01 B
Khuranal960.tot B
Khuranal965.tot N
Levkovskiy1968.tot -
Pasquarelli1967.tot .
Paul1953.tot .
Peil1965.tot
Pepelnik1985.tot
Tiwari1968.tot °

5.0E+06 1.0E+07 1.5E+07

0'06}00

Energy (eV)

2.0E+07 2.5E+07 3.0E+07

UKAEA Page 95 of [531



Cross section (b)
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5.15 Calcium
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Integro-Differential Validation
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Cross section (b)

5.15 Calcium UKAEA-R(18)004
Integro-Differential Validation
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5.15 Calcium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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Cross section (b)
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5.16
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5.16 Scandium
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5.16 Scandium UKAEA-R(18)004
Integro-Differential Validation
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5.16 Scandium

UKAEA-R(18)004
Integro-Differential Validation
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5.17 Titanium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.17 Titanium UKAEA-R(18)004
Integro-Differential Validation
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5.17 Titanium

UKAEA-R(18)004
Integro-Differential Validation
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5.17 Titanium UKAEA-R(18)004

Integro-Differential Validation
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5.17 Titanium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.17 Titanium UKAEA-R(18)004
Integro-Differential Validation
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5.17 Titanium UKAEA-R(18)004

Integro-Differential Validation
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5.17 Titanium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.18 Vanadium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
/'0&0/

Z
-0,
%,

Z
.0,
G‘Q}

Z
-0,
%4,

7
)
8‘05

5.18 Vanadium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.18 Vanadium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.18 Vanadium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.18 Vanadium UKAEA-R(18)004

Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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5.19 Chromium

UKAEA-R(18)004
Integro-Differential Validation
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5.19 Chromium

UKAEA-R(18)004
Integro-Differential Validation
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5.19 Chromium

UKAEA-R(18)004
Integro-Differential Validation
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5.19 Chromium UKAEA-R(18)004

Integro-Differential Validation
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5.19 Chromium

UKAEA-R(18)004
Integro-Differential Validation
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5.19 Chromium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
7
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5.19 Chromium

UKAEA-R(18)004
Integro-Differential Validation
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5.19 Chromium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.20 Manganese
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Integro-Differential Validation
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Barrall1969.tot
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5.20 Manganese UKAEA-R(18)004

Integro-Differential Validation

55Mn (n,g) 56)\n
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Cross section (b)
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5.20 Manganese UKAEA-R(18)004

Integro-Differential Validation
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5.20 Manganese UKAEA-R(18)004

Integro-Differential Validation

55Mn (n,t) 53¢y
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2 3 < 3, 6 2 8 9
23 0 0%, 03 23 0 23 0 73 03 23 0 23 0 0%, 03

Z
-0,
%,

4]
-0y
6,(00

C/E

C/E =

1.77

C/E=2.12

C/E =097 1.00
1.00

&

TENDLI17 total
Sudar1979.tot

1.0E+07

1.5E+07

2.0E+07

Energy (eV)

2.5E+07

UKAEA Page 131 of [531]

3.0E+07



2

Cross section (b)
Z .
0&/« 2 0&/0

Z
-0y
%,
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Integro-Differential Validation
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Cross section (b)
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5.20 Manganese

UKAEA-R(18)004
Integro-Differential Validation
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Bahal1985.tot
Bormann1965.tot
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Dolyal977.tot
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Cross section (b)

5.21

Iron

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.21 lron

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.21

Iron UKAEA-R(18)004

Integro-Differential Validation
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Allan1959.tot
Artemev1980.tot
Bahal1985.tot
Barrall1969.tot
Barrall1969A001.tot
CarrollJr1965.tot
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ChiFongAiiil977.tot
Cross1963.tot
Cross1963A001.tot
Ercan1991.tot
FanPeiguoo1985.tot
Filatenkov1999.tot
Fukudal978.tot
Garleal985.tot
Garleal992.tot .
Grallert1993.tot °
Greenwood1987.tot °
Tkedal988.tot .
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5.21 lIron UKAEA-R(18)004
Integro-Differential Validation
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5.21 lron UKAEA-R(18)004
Integro-Differential Validation

50 (n,p) 50N n

1.6 F

1.5 C/E = 1.44

1.4

C/E =128
1.3

C/E=125

1.2 |
1.1 C/E?'Og CIE =‘f(@5;(;{g7?

C/E =@/2=1.02
C/E = 1.00 ®
B8R 097 ¢ 09 ’

1.101.12

C/E

Cross section (b)
/ 2 2
5&0/ 0&0/ 5&0/

Z
-0,
%4,

1
0.9 C/E =085 C/E=0.84
. 0.89
0.8
0.7
TR, SP) Y R « S W VR U W W VI WY VIR ¢
o 6‘?\\%2; &‘%%/%; @0{2&\&8\6%/&\";?\";/ oji/ \yj):@\\s‘f\:%sﬁﬁ\: ‘5%”3:@/9Q
O /'(\ - - Nz ~ P ~ P Z P
TENDLI7 total
Allan1957 .tot
BaoZongyuu1993.tot
T Barrall1969.tot
Barrall1969A001.tot
Belgaid1992.tot

Bonazzolal964.tot

Bormann1962.tot

Bormann1965.tot

- Chittendenlil961.tot

Coszach2000.tot

Cross1963.tot

Cross1963A001.tot

Cuzzocreal 968.tot

Depraz1960.tot

T Duhamel1998.tot
Dyer1972.tot .
T Ercan1991.tot °
4y Fessler2000.tot °
Filatenkov1999.tot .

Forbes1952.tot
Fugal991.tot °
Gabbard1962.tot .

Garleal985.tot

Grundl1967.tot
Guptal985.tot °
Hemingway1966.tot °
Tkeda1988.tot °
Tkedal993.tot °

Kern1959.tot
Kimural1990.tot °

5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)

UKAEA Page 138 of [531]



Cross section (b)
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)

5.21 lron UKAEA-R(18)004
Integro-Differential Validation
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Integro-Differential Validation
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5.22 Cobalt
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)

5.22 Cobalt UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.22 Cobalt
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Integro-Differential Validation
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5.22 Cobalt

UKAEA-R(18)004
Integro-Differential Validation
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5.23 Nickel UKAEA-R(18)004
Integro-Differential Validation
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5.23 Nickel
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Integro-Differential Validation
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Cross section (b)
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5.23 Nickel
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Integro-Differential Validation
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5.23 Nickel

UKAEA-R(18)004
Integro-Differential Validation
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5.23 Nickel UKAEA-R(18)004
Integro-Differential Validation
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Integro-Differential Validation
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5.23 Nickel
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation

60Ni (n,2p) 59Fe

1.3
1.2
= L1 C/E % 1.06
® °
1 1.00
1.00
0.9
0.8 ‘
o
s‘??’\
g
| | | | | | | |
1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07
Energy (eV)

UKAEA Page 159 of [531]

3.0E+07



5.23 Nickel
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Integro-Differential Validation
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5.23 Nickel UKAEA-R(18)004
Integro-Differential Validation
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Integro-Differential Validation

63y

(n,2n) 620y

C/E

C/E

09 |

0.8

C/E

1.05

1.08

C/E = 0.67

C/E}I.IO

1.07

C/E %0.90
0.93

Vs
/7"
7

= | | |

TENDLI17 total
Andreev1968.tot
Andreev1968A001.tot
Bormann1962.tot
Bormann1969.tot
BrolleyJr1952.tot
Cevolani1962.tot
Chatterjee1967.tot
Chatterjee1969.tot
Cohen1956.tot
Crumpton1969.tot
Csikail965.tot
Csikail967.tot
Cuzzocreal 968.tot
DeJuren1960.tot
Ercan1991.tot
Ferguson1960.tot .
Forbes1952.tot °
Fowler1950.tot °
Ghanbari1986.tot .
Ghanbari1986A001..tot
Glover1962.tot °
Glover1962A001.tot °
Grimeland1965.tot
Grimeland1965A001.tot
Ikedal1994.tot °
Ikeda1994A001.tot °
Jarjis1978.tot .

Letessi¢r1964.tot

1.2E+07 1.4E+07 1.6E+07

1.8E+07

2.0E+07 2.2E+07

Energy (eV)

2.4E+07 2.6E+07 2.8E+07

UKAEA Page 164 of [531]

3.0E+07



5.24 Copper UKAEA-R(18)004
Integro-Differential Validation
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5.24 Copper

UKAEA-R(18)004
Integro-Differential Validation
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Bao2000.tot
Bao2000A001.tot
Blair1944.tot
Booth1958.tot
Celenk1991.tot
Chaturvedil970.tot
Diksic1970.tot
FarinaArbocco2013.tot
FarinaArbocco2013A001.tot
Gleason1977.tot
Hasan1968.tot
Heil2005.tot
Heil2008.tot
Heil2008A001..tot
Kim2007.tot
Lyon1959.tot
Macklin1957.tot
Mannhart2004.tot
Meister1958.tot
Mughabghab2006.tot
Perkin1958.tot
Pinoncellil967.tot
Pomerance1952.tot
Ryves1970.tot
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Seren1947.tot
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Cross section (b)

5.24 Copper UKAEA-R(18)004
Integro-Differential Validation
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5.24 Copper

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

Z
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5.24 Copper UKAEA-R(18)004

Integro-Differential Validation

63cu (n,a) 60co
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TENDLI17 total

Artemev1980.tot
Barrall1969.tot
Bormann1972.tot
Cserpak1994.L01
Csikail991.tot
Csikail991A001.tot
Czapp1960.tot
Ercan1991.L01
Filatenkov1999.tot
Garuskal980.tot

~ ~ _ Kantelel962.L]
~ < " Kasugail998.L01
Kayaghimat979.tot

LuHanlinn1990ot~ _ ©
Maslov1972.tot &=

Meadows1996.tot °
Meadows1996A001.tot
Meadows1996A002.tot
Paulsen1967.L01
Paulsen1967.tot
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Semkova2004.tot
WangYongchangg1990.tot
Winkler1978.tot
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Cross section (b)

5.24 Copper

UKAEA-R(18)004
Integro-Differential Validation

65Cu (n,2n) 64y

1.6
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C/E

C/E

1.04

C/E = 0.90
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1.15

1.08
C/E =1.00
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N

o

TENDLI17 total
Araminowicz1973.tot
Barrall1969.tot
Bonazzola1964.tot
Bormann1963.tot
Bormann1969.tot
Chatterjee1969.tot
Clator1969.tot
Crumpton1969.tot
Csikail965.tot
Csikail967.tot
Csikail982.tot
Cuzzocreal 968.tot
Depraz1960.tot
Ercan1991.tot
Filatenkov1999.tot
Forbes1952.tot
Ghanbari1986.tot
Ghanbari1986A001.tot
Glover1962.tot
Hafiz2007..tot
HarunArRashid2006.tot
Tkedal988.tot °
Ikedal1994.tot
Mannhart1975.tot
Mannhart2007.tot
McCrary1960.tot
Meadows1987.tot
Mogharrab1972.tot
Molla1994.tot
Nagel1966.tot
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Cross section (b)

5.24 Copper UKAEA-R(18)004
Integro-Differential Validation

65Cu (n,g) 660y

121 1.16
1.1
1
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O
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ST Bao2000.tot
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Leipunskiy 1958 A001.tot
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Macklin1957.tot
Mughabghab2006.tot
Pasechnik1958.tot
Perkin1958.tot
Peto1967.tot
Pomerance1952.tot °
Ryves1970.tot
Ryves1974.tot
Schuman1970.tot
Seren1947.tot
Stavisskiy1961.tot
Tolstikov1964.tot
Vervier1959.tot
Voignier1992.tot °
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5.24 Copper UKAEA-R(18)004
Integro-Differential Validation

65Cu (n,a) 62mo
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06 0.67

TENDL17 total
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Cross section (b)

5.24 Copper

UKAEA-R(18)004
Integro-Differential Validation

65¢Cu (n,na) 610,
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Ryves1978.tot
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| | | |
1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07
Energy (eV)

UKAEA Page 173 of [531]



Cross section (b)

5.24 Copper UKAEA-R(18)004
Integro-Differential Validation
65cy (n,p) 65Nj
10 .
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TENDLI17 total
Bonazzolal964.tot
Bormann1963.tot
Bramlitt1963.tot
Clator1969.tot
Depraz1960.tot
Dresler1973.tot
Ercan1991.tot
Filatenkov1999.tot
Forbes1952.tot
Furuta2008.tot
Guptal985.tot
HarunArRashid2006.tot
Ikedal988.tot
Mannhart2007.tot
Maslov1972.tot
Meadows1987.tot .
Mitral967.tot °
Molla1977.tot °
Molla1994.tot .
Mukherjee1961.tot
Ngoc1980.tot °
Pepelnik1985.tot °
Pollehn1961.tot
Poularikas1959.tot
Prasad1971:tot °
Robertson1973.tot °
Ryves1978.tot °
Santry[1 965 .{ot °
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5.0E+06

1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5E+07

UKAEA Page 174 of [531]

3.0E+07



Cross section (b)
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5.25 Zinc

UKAEA-R(18)004

Integro-Differential Validation
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TENDLI17 total
Araminowicz1973.tot
Bhatia2013.tot
Bormann1963.tot
Bormann1969.tot
Bramlitt1963.tot
Cevolani1962.tot
Chatterjee1967.tot
Chatterjee1969.tot
Cohen1956.tot
Csikail965.tot
Csikail967.tot
Csikail967A001.tot
Ercan1991.tot
Filatenkov1999.tot
Gabbard1961.tot
Ghorail995.tot
Koehler1960.tot
Konno1993.tot
Mannhart2007.tot
Meadows1987.tot
Mitral967.tot

T Melal983.tot
Paul1953.tot
Paulsen1965.tot
Prejiss1960.tot
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Cross section (b)
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5.25 Zinc

UKAEA-R(18)004

Integro-Differential Validation
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| TENDLI17 total
| Barrall1969.tot
Bormann1963.tot

| Bormann1969.tot
Bramlitt1963.tot

Casanoval976.tot
Dresler1973.tot
Ercan1991.tot
Furuta2008.tot
Gabbard1962.tot
Garleal985.tot
Garleal992.tot
Ghorail995.tot
Guptal985.tot
Husain1983.tot
Tkeda1990.tot
Tkedal991.tot
Tkedal991A001.tot
Kielan1995.tot
Kimura1990.tot
King1979.tot
Kjelberg1966.tot
Konno1993.tot
Levkovskiy1963.tot
Mannhart2007.tot
Mollal977.tot
Mollal1994.tot
Nakail962.tot
Nakail962A001.tot
Nemilov1978.tot
Paul1953.tot
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Cross section (b)
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5.25 Zinc

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.25 Zinc

UKAEA-R(18)004
Integro-Differential Validation
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5.25 Zinc UKAEA-R(18)004
Integro-Differential Validation
677 (n,h) 65Ni
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Cross section (b)

Z
q7)
%0,

5.25 Zinc UKAEA-R(18)004
Integro-Differential Validation

687, (n,g) 69mr |

13 F
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0.9 C/E = 0.86

0.84

TENDLI17 total
TENDL17 g — — —
TENDL17m — — —

| Arino1964.L01 .

Ba02000.L01

| Bao2000.tot x

- Booth1958.L00 E

Booth1958.L01
Chaubey1966.L00
Chaubey1966.L01 .

Colditz1968.L00 -
Dovbenko1974.L00
Dovbenko1974.1L.01
FarinaArbocco2013.L01

FarinaArbocco2013A001.L01 .
Garg1982.tot B
Garg1982A001.tot
Gleason1975.L01

= Hogg1970.L01

Hummel1951.L00

Kim1968.L01

- Kononov1958.tot

| Leipunskiy1958.tot

L eipunskiy1958A001.tot

Mangal1962.1L.01

Mangal 1962, tot

T annhi( 1968101
Mug |

Z
RY
e,

‘
-0,
6}0/

7
-0,
&00

%4,

o o o o

‘g,

Serenl Y:L&
hchandraMurty 1973X.0N \

03

/‘06

,QV L
&L
S

- | | | | | | |
Q;Ql 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
N
~ Energy (eV)

UKAEA Page 180 of [531]



2

Cross section (b)
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Integro-Differential Validation
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5.25 Zinc

UKAEA-R(18)004

Integro-Differential Validation
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BarreiraFilho1982.tot
Blosser1955.tot
Bramlitt1963.tot
Ercan1991.tot
Garuskal980.tot
Ghorail995.tot
Herman1980.tot .
Konno1993.tot B
Mollal994.tot -
Mughabghab2006.tot M
Nesarajal999.tot N
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Cross section (b)

5.26 Gallium

UKAEA-R(18)004
Integro-Differential Validation

69Ga (n,2n) 68Ga
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Cross section (b)
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Integro-Differential Validation
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5.26 Gallium UKAEA-R(18)004
Integro-Differential Validation
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5.27 Germanium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.27 Germanium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
8 g 7 7 7
0&0/ g 28"00 4@00

5.27 Germanium

UKAEA-R(18)004
Integro-Differential Validation

76Ge (n,2n) PMGe
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Attar2009.L00
Attar2009.L01
Begun2007.tot

Birn1994.tot
Bormann1967.L01
Casanoval976.L00
Casanoval976.L01
ChanglinLann2008.tot
Dzysiuk2007.L01
Dzysiuk2007.tot
Hlavac1976.L01
Hlavac1976.tot
Kasugail994.L01
Khuranal961.tot
Mangal1963.L01
Molla1997.tot
Okumural967.tot
Paul1953.tot
PuZhongShenggg2006.tot
Steiner1970.tot
Vaenskae1981.L00
Vaenskael1981.L01
Vaenskae1981.tot
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o o o o

©o s o o

0 2
20, 20,
8"00 “o,

2.0E+07

Energy (eV)

2.5E+07

UKAEA Page 188 of [531]




Cross section (b)
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5.27 Germanium UKAEA-R(18)004
Integro-Differential Validation
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PuZhongShenggg2006.tot
Steiner1970.tot °
Vaenskae1981.LO0 .
Vaenskael1981.L01
Vaenskae1981.tot
Vaenskae1981A001.L00
Vaenskae1981A001.L01
Vaenskae1981A001.tot
Vaenskae1981A002.tot

N
J TENDLI17 total
S TENDL17 g — — —
v TENDLI7m — — —
| Araminowicz1973.tot +
§ Attar2009.L00
&
=

o o o o

©o s o o

~ Vlastou2007.tot
‘O'Q Wood1967.tot
N
&
N
Y
w

| | |
1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)

0 2
20, 20,
8"00 “o,
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Cross section (b)
3 < 3,
23 0 0&02 23 0

%o,

5.28 Arsenic

UKAEA-R(18)004

Integro-Differential Validation

TOAg (n,p) oM,

1.4

1.3

C/E

1.28

0.78

7

TENDL17 total

TENDLI7 g — — —
TENDLI7 m — — —

Attar2009.L00
Attar2009.L01
Bayhurst1961.tot
Birn1994.tot
Bormann1966.L00
Bormann1966.L01
Bormann1966.tot
Bormann1967.L01
Bormann1967.tot
Casanoval976.L00
Casanoval976.L01
Dresler1973.tot
FeiTuo02007.tot
Fukuzawal961.L00
Fukuzawal961.L01
Fukuzawal961.tot
Grochulski1975.L01
Grochulskil975.tot
Gueltekin2001.LO1
Guptal985.tot
Konno1993.tot
Mitral967.tot
Mollal977.tot
Okumural967.tot
Paul1953.tot
Prasad1971.tot

Ramt 969.L

RamaPrasad 1969~

RamaPrasad1969.tot
Raut2011.tot

5.0E+06 1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5E+07
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Cross section (b)
3 < 3,
23 0 0&02 23 0

%o,

5.28 Arsenic UKAEA-R(18)004
Integro-Differential Validation

T As (n,p) DGe

1.4

1.3 1.28

C/E

0.78
|
&
£ /6
TENDL17 total
TENDLI7 g — — —
B TENDLI7m — — —
Attar2009.L00 .

Attar2009.L01 *
Bayhurst1961.tot *
Birn1994.tot °
- Bormann1966.L00 -
Bormann1966.L01
Bormann1966.tot .
T Bormann1967.L01 B
Bormann1967.tot B
- Casanoval976.L00 M
Casanoval976.L01 -
Dresler1973.tot N
1 FeiTuo02007.tot .
T Fukuzawal961.L00 °
Fukuzawal961.L01
Fukuzawal961.tot
Grochulski1975.L01
Grochulskil975.tot
Gueltekin2001.LO1
Guptal985.tot
Konno1993.tot
Mitral967.tot
Mollal977.tot
Okumural967.tot
Paul1953.tot
Prasad1971.tot
8 969.L

RamaPrasad
RamaPrasad1969+6

RamaPrasad1969.tot

Raut2011.tot

5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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2

Cross section (b)
Z .
0&/« 2 0&/0

Z
-0,
%,

5.28 Arsenic UKAEA-R(18)004
Integro-Differential Validation

s (n,t) 73Ge

z 7 ‘7
) g7) -0,
£, s éigq £,

Z
-0,
9

7
7
“,

3 |
25 C/E = 2.40
[ ]
=
O 2t
1.5 ¢
| 1.00
\ 1.00
S
TENDL17 total
TENDL17g — — —
TENDL17m — — —

1.0E+07 1.5E+07 2.0E+07 2.5E+07

Energy (eV)
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2

Cross section (b)
7
0&/0

2

5.28 Arsenic

UKAEA-R(18)004
Integro-Differential Validation

C/E

" As (n,h) 3Ga

C/E=5.17

CIE = 3.57

1.00

1.00

z 7 ‘7
) g7) -0,
£, s éigq £,

Z
-0,
9

7
7
“,

T p—

Bramlitt1962.tot

Diksic1974.tot
Frevert1965.tot
Qaim1974.tot
| | | | | | | | |
1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07
Energy (eV)
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Cross section (b)
7 7z
0&02 23 o

Z
.0&0\?

1.0&01

5.28 Arsenic

UKAEA-R(18)004
Integro-Differential Validation

C/E

T As (n,a) 2Ga

0.7

0.74

TENDLI17 total
Bayhurst1961.tot
Birn1994.L00
Bormann1966.tot
Bormann1967.tot
Bramlitt1963.tot
Casanoval976.tot
FeiTu002007.tot
Garuskal978.tot
Konno1993.tot
Koul1962.tot
Koul1962A001..tot
Paul1953.tot
Qaim1971.tot
RamaPrasad1969.tot
RamaRa01986.tot
Sigg1976.tot
enugopalaRao1971.tot
Vinitska

5.0E+06

1.0E+07

1.5E+07

Energy (eV)

2.0E+07

2.5E+07
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Cross section (b)

6 8,
X7) %)
&0/ &0/

4
-0,
%,

5.29 Selenium

UKAEA-R(18)004
Integro-Differential Validation

78ge (n,2n) rTmge

1.2
1.11
1.1
1 _
aa)
-~
O
0.9 C/E = 0.87
] 0.90
0.8 |
07 | |
o
N\
TENDL17 total
TENDL17g — — —
TENDL17m — — —
Frehaut1980.tot
Minettil967.L01
Rurarz1970.L01
-/ =TT -
-~ - = ~
e - ~ ~
- AN
e
s/ AN
7 N
~
/ ~N
L / AN
/ ~
/ S
/ ~
/ S
/ S
/ S~
L / S~
/ ==
/
/
/
/ e -
/ /// ———_
B // s -~ e~ =~
/ s ~—_
/s ~———_
o T T e —
/282 .
A
Jy 7
| | | | | | | | |
1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07 3.0E+07
Energy (eV)
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5.29 Selenium UKAEA-R(18)004

Integro-Differential Validation

80ge (n,t) "85

| 1.00
1.00
0.8
8] 0.6
S~
@)
04
02
C/E =0.06
[ ]
¥
o
éf TENDLI7 total
S
of
&
e
of
&
S
~~ o
N
=
(=R
o
k>t
O &
2 g
@ o
w2
o
St
@) o
&
N
ol
&
S
<F
&
S
S | l | | | | | |
SRE07 LAE+07 1L.6E+07 1.8E+07 2.0B+07 2.2B+07 2.4E+07 2.6E+07 2.8E+07
S Energy (eV)
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2
20, 6}00

V4
[Ny
%

Cross section (b)

Z 06}00

3
-0,
%,

5.29 Selenium

UKAEA-R(18)004
Integro-Differential Validation

C/E

1.3

1.2

1.1

0.9

0.8

82Ge (n,2n) 81ge

C/E=1.13 1.14
0.88
AN
&‘\%/‘)@

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Casanoval976.L01
Csikail967.tot
Filatenkov2001.L0OO =
Filatenkov2001.L01 °
Frehaut1980.tot
Grochulskil975.L01
GuozhuHee2005.L00 .
GuozhuHee2005.L01 “
Hasan1972.L00 -
Hasan1972.L.01 v
JunhualLuoo2007.L00
Junhual.uoo2007.L01 .
Kao1975.L00 .
Kao1975.L01
Kao1975.tot
Mangal1965.L00
Mangal1965.L01
Minetti1967.L00
Minetti1967.L01
Minetti1967.tot
Paul1953.L01 °
SrinivasaRao1978.L01 °
VenugopalaRao1967.L00
VenugopalaRao1967.L01

1.5E+07 2.0E+07

Energy (eV)

2.5E+07 3.0E+07
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Cross section (b)

Z
-0,
gy

3
-0,
%,

6,
-0,
%,

4
-0,
%,

%,

2,

4]
-0y
6,(00

5.30 Bromine

UKAEA-R(18)004

Integro-Differential Validation

OBy (n,2n) 8By

1.15

1.1

1.05

C/E

0.95

09

0.85

0.8 t

C/E = 0.99

1.10

0.91

o
(oS-

TENDLI17 total
Araminowicz1973.tot
Bormann1967.tot
Carles1963.tot
Cevolanil962.tot
ChangLinLannn2008.tot
Grimeland1965.tot
Grimeland1965A001.tot
Koehler1962.tot
LiangyongZhao02009.tot
Minetti1967.tot
Okumural967.tot
Pansare1993.tot
Paul1953.tot
Rayburn1961.tot
Sakane1996.tot
Sakane2001.tot
Valkonen1976.tot
VenugopalaRao1971.tot
Williams1981.tot
Williams1981A001.tot

1.2E+07 1.4E+07

1.6E+07

1.8E+07

2.0E+07 2.2E+07

Energy (eV)

2.4E+07

2.6E+07 2.8E+07
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1.9%0

“p

147

8
-0,
%4,

Cross section (b)
6.0&01

<
-0,
%,

5.30 Bromine

UKAEA-R(18)004
Integro-Differential Validation

81py (n,2n) 808By

1.3

C/E

0.8 0.84
|
QY
o
A\
TENDL17 total
TENDLI7 g — — —
TENDLI7m — — —

Bormann1962.L01 -
ChangLinLannn2008.tot “
Fukuzawal961.L00 *
Fukuzawal961.L01 °
Fukuzawal961.tot -
Grimeland1965.L00
Grimeland1965.L01 .
Kao1975.L00 B
Kao1975.L01 -
Kaol1975.tot N
LiangyongZhaoo2009.L00 N
LiangyongZhaoo2009.L01 .
Minetti1967.L00 .
Minetti1967.L01 J
Okumural967.tot
Paul1953.L01
Rayburn1961.L01
Strohal1962.L.00
Strohal1962.L01
VenugopalaRao1971.L00
VenugopalaRao1971.L01

1.2E+07 1.4E+07

1.6E+07

1.8E+07 2.0E+07 2.2E+07

Energy (eV)

2.4E+07 2.6E+07 2.8E+07
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5.31 Rubidium UKAEA-R(18)004

Integro-Differential Validation

4 2
-3 -0,
%t %

Cross section (b)

7
-0,
@,‘00

J,
-0,
%,

o
d7)
%y

C/E

1.15

1.1

1.05

0.95

0.9

0.85

85Rb (n,2n) 84Rh

1.09

C/E = 0.96

0.92

N\
A
N

TENDLI17 total

TENDL17g — — —
TENDLI7m — — —

Araminowicz1973.tot
Augustyniak1976.L01
Augustyniak1976.tot
Bormann1968.L00
Bormann1968.L01
Bormann1968.tot
Bormann1976.L00
Bormann1976.L01
Bormann1976.tot
ChuanxinZhuu2011.tot
Csikail967.tot
Erlandsson1979.L01
Erlandsson1979.tot
Ghorail974.L01
Ghorail974.tot
Husain1970.L00
Husain1970.L01
Konno1993.L01
Konno1993.tot
LiYingjunn1984.L01
LiYingjunn1984.tot
Minetti1968.L00
Minetti1968.L01

1 Minetti1968.tot

[Tie. - 1 E— Misral979.L01
it H/ { I ] Pepelnik1985.L01
r I Pepelnik1985.tot

Prestwood1961.tot
Reggoug1982.L.00
Reggoug1982.L01

o o o o

©o s o o

A i TR T
-
| | | | | | |
1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07

Energy (eV)

UKAEA Page 200 of [531]




5.31 Rubidium

UKAEA-R(18)004
Integro-Differential Validation

87Rb (n,2n) S6MRY

1.15 |

1.1 |

1.05 C/E = 1.02

C/E

0.95

0.85

1.08

0.92

N\
A
N

2 0&‘00

Cross section (b)

/7
5
%t
T
——
,

4
6;00
R
\
[

3
0&0/
N
\
N
\
Vi
\&
\

< ! ! ! ! ! !

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Araminowicz1973.tot .
Augustyniak1976.L01
Augustyniak1976.tot =
Bormann1972.tot ﬂ
ChuanxinZhuu2011.tot
Csikail967.tot
Erlandsson1979.tot .
Ghorail974.tot “
Husain1970.L00 -
Husain1970.L01 v
Kao1974.L01
Kawade1992.L01 .
Konno1993.tot .
Minetti1968.L00
Minetti1968.L01
Minetti1968.tot
Pepelnik1985.tot
PhanNhuNgoccc1983.tot
Prestwood1961.tot
Rieder1965.tot
Rurarz1971.L01 °
Sakane2001.L01 o
Sothras1977.L00
Sothras1977.L01
Sothras1978.tot
Strohal1962.tot
Tewes1960.tot
TranDueThieppp2003.L00
TranDueThieppp2003.L01
TranDueThieppp2003.tot

o o o o

©o s o o

1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07

Energy (eV)

o
d7)
%y

2.4E+07 2.6E+07 2.8E+07 3.0E+07
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6’@){00

Z

66;00

<

“p

‘g

Cross section (b)
P Ja 7
0&01 0@)(00 2@){00

6,
-0,
%,

4
-0,
%,

0
.06*00 2.08‘01

5.32 Strontium

UKAEA-R(18)004
Integro-Differential Validation

84g; (n,2n) 83gr

1.2

C/IE

0.8

TENDLI17 total
TENDLI17g — — —
TENDLI7m — — —

Bormann1966.tot N
GuozhuHee2006.tot
Holub1976.tot

Husain1970.tot

Konno1990.tot

Konno1993.tot

Strohal1962.tot

VenugopalaRao1971.tot

1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07

Energy (eV)

2.6E+07 2.8E+07 3.0E+07
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v 4 VA Z 4
-0, -0, -0, -0 -0,
% %/ %2 S, 0,

Cross section (b)

z
-0,
%,

Z
-0,
%4,

Z
-0,
%,

Z
-0,
%,

5.32 Strontium

UKAEA-R(18)004
Integro-Differential Validation

8481’ (n,g) 85er

1.2

C/E

0.8

0.6

04

02

1.39

C/E #1.26

0.72

C/E=0.18

TENDLI17 total

TENDL17 g — — —
TENDLI7 m — — —

Ba02000.L01
Bao02000.tot
Bao2000A001.tot
Dillmann2006.L00
Dillmann2006.L01
Dillmann2006.tot
Dillmann2006A001.L00
Dillmann2006A001.L01
Dillmann2006A001.tot
Dillmann2006A002.L01
FarinaArbocco2014.L01
FarinaArbocco2014.tot
FarinaArbocco2014A001.L01
FarinaArbocco2014A001.tot
FoglioPara1967.L00
FoglioPara1967.L01
Hans1960.L00
Hans1960.L01
Kramer1965.L01
Lyon1953.tot
Mannhart1968.L01
Mughabghab2006.L00
Mughabghab2006.L01
Mughabghab2006.tot
shabetraB2006A001.tot
— _Siddappa2009.L.01
__ Trofimov1987D01
"Trofimov1

~ -

o o o o

o o o o

1.0E-02 1.0E-01 1.0E+00

1.0E+01 1.0E+02 1.0E+03

Energy (eV)

1.0E+04 1.0E+05 1.0E+06
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Z z Z Z Z
) &) 4, 64 .8,
By gy gy g, g

Cross section (b)
%,

%0,

0,
-0,
%,

4
-0,
%,
T

2
.0&0/

3
¥
S

5.32 Strontium

UKAEA-R(18)004
Integro-Differential Validation

86gr (n,2n) 858y

1.15

1.05

C/E=20.95
0.95 ¢

09

0.85

1.09

0.91

L~ | | | | |

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Araminowicz1973.tot .
Bormann1976.L00
Bormann1976.L01 =
Bormann1976.tot ﬂ
Csikail967.tot
Eapen1975.L00
Eapen1975.1L01 .
GuozhuHee2006.L01 “
GuozhuHee2006.tot -
Holub1976.L00 v
Holub1976.L01
Husain1970.L01 .
HyvoenenDabek1978.L01 .
JunhualLuoo2009.L00
Junhual.uoo2009.L01
Kayashimal979.L00
Konno1993.L01
Konno1993.tot
MaHuiFanggg1983.L.00
MaHuiFanggg1983.L01
MaHuiFanggg1983.tot °
Minetti1968.L00 .
Minetti1968.L01
Minetti1968.tot
Rieder1965.L01
ieder]1965.tot
~ SrinivasaRaQ1978.L01
~ Strohal1962.L00
~ Strohal 1962%Q1
VenugopalaRao1971.L0 .
~

o o o o

©o s o o

1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07

Energy (eV)

2.6E+07 2.8E+07 3.0E+07
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Cross section (b)

5.32 Strontium UKAEA-R(18)004
Integro-Differential Validation

86g, (n,g) 87mg,.

14 |
1.30

1.2

0.8

C/E

0.77

C/E =0.07

TENDLI17 total
TENDL17 g — — —
TENDL17m — — —
Bao02000.tot .

FarinaArbocco2014.L01

FarinaArbocco2014A001.L01 *

3 FoglioParal967.L01 L

Gulyas1964.L01

Hans1960.L01
Hicks1982.tot .
3 Hicks1982A001.tot -
Johnsrud1959.L01 -

- Kaeppeler1990.L01 v
Kononov1958.tot
Kramer1965.L01 +

Macklin1967.tot .

Macklin1967A001.tot
Mannhart1968.L01
Mughabghab2006.L00
Mughabghab2006.L01
Mughabghab2006.tot
Mughabghab2006A001.tot
Seren1947.L01
SriramachandraMurty1973.L.01 °
Walter1984.tot o
Walter1984A001.tot

7
)
G“OJ

2
T

Z
0@)(0

7
-0,
&0/

o o o o

Z
-0
&00

Z
q7)
%,

Z
-0,
%,

Z
-0,
%,

! ! ! ! ! [ llh !
1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07

Energy (eV)

Z
-0,
%,
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5.32 Strontium

UKAEA-R(18)004
Integro-Differential Validation

C/IE

8831 (n,2n) 8TMg;

1.3

1.24

oo™
&Q% -

Z 46}00

1.9&00

*0p

Cross section (b)
6 8 7
0&01 0&01 23

4
-0
%,

2o,

0'06}00

=,

e

r

TENDLI17 total
TENDLI17g — — —
TENDLI7m — — —

Bormann1965.L01 +
Bormann1976.L01
Bramlitt1961.L01
Filatenkov1999.L01
GuozhuHee2006.L01
Holub1976.L01
Husain1970.L01 .
HyvoenenDabek1978.L01 B
Konno1993.L01 B
Minetti1968.LO1 M

-7 T~a Mollal983.L01
- o Salaital974.L01
_ N SrinivasaRao1978.L01 .
- ~ Strohal1962.tot
ZhouMuyao01987.L01

1.2E+07

1.4E+07

1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07

Energy (eV)
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VA
"061 o

]"06102

Cross section (b)

Z
"06103

5.32 Strontium UKAEA-R(18)004

Integro-Differential Validation

88gr (n,p) 88Rh

1.3

1.23

C/E

e

TENDL17 total
Bass1968.tot
Bramlitt1961.tot
Cohen1956.tot
Dresler1973.tot
GuozhuHee2006.tot
Guptal985.tot
Husain1970.tot

Balal ] .
HyvoemenDabekd 07

Kasugail998.tot -
Levkovskiy1963.tot N
Levkovskiy1968.tot N

Mollal977.tot N
Paul1953.tot .
Prasad1971.tot
Strohal1962.tot
Tikku1972.tot .
VenugopalaRao1971.tot °

1.0E+07 1.5E+07 2.0E+07 2.5E+07

Energy (eV)
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Cross section (b)

Z o€$00

5.33 Yttrium

UKAEA-R(18)004

Integro-Differential Validation

89Y (n,n) 89mY

14 F

1.3

C/E=121

C/E=1.11
1.1

C/E

0.9

0.8 t L ‘

1.14

0.88

QN
P &
&‘\S S R\

2
20, 6}00

V4
5,
%t

3
-0,
%,

TENDLI17 total

TENDL17g — — —
TENDLI7m — — —

Abboud1971.L01
Abboud1971A001.LO1
Agrawal2008.L01
Biryukov1975.tot
BornemiszaPauspertl1968.L01
Broadhead1965.L01
Broadhead1967.L01
Doczi1998.L01
Garrett2003.L01
Hudson1976.L01
Peto1968.L01
Rurarz1971.L01
Shimizu2004.L01
Simakov1982.tot
Simakov1992.tot
Swann1955.L01

$
¥
S

5.0E+06 1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5E+07
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Cross section (b)
&
0&0/

0,
-0,
%,

4
-0,
%,

Z z Z Z Z
) &) 4, 64 .8,
By gy gy g, g

5.33 Yttrium

UKAEA-R(18)004
Integro-Differential Validation

89y (n,2n) 88y

1.6

1.5

1.4

1.3

C/IE

1.2
1.1

0.9

C/E £0.84

0.8

C/E =

C/E ? 1.49

C/E=1.10

105 1.10

C/E =0.99

0.91

1‘00"‘

g

N\
Nid

X

«L

R o

TENDLI17 total
Abboud1971.tot
Agrawal2008.tot
Araminowicz1973.tot
Bayhurst1975.tot
Bayhurst1975A001.tot
Bayhurst1975A002.tot
Begun2000.tot
Begun2002.tot
Berradal984.tot
Bormann1976.tot
ChuanxinZhuu2011.tot
Csikail967.tot
Eapen1975.L00
Eapen1975.L01
Eapen1975A001.L01
FengqunZhouu2008.tot
FengqunZhouu2008A001.tot
Filatenkov1999.tot
Frehaut1980.tot
Garg1979.L01
Garrett2003.L00 °
Garrett2003.L01 o
Garrett2003A001.L01
Ghorail976.tot
Glagolev1961.L01
Granger1963.tot

1.4E+07 1.6E+07

1.8E+07

2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07

Energy (eV)

3.0E+07
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Cross section (b)

5.33 Yitrium UKAEA-R(18)004
Integro-Differential Validation

89y (n,3n) 8Ty

1.1

1.05

1.00
1.00

095

C/E

0.85

0.75 |
C/E ;0.70

0.65

Q
@”0

TENDLI17 total

TENDL17g — — —

TENDLI7m — — —

Veeser1977.tot .

Vrzalova2013.L00
Vrzalova2013.L01
Wagner2012.L00
Wagner2012.L01

2.2E+07 2.3E+07 2.4E+07 2.5E+07 2.6E+07 2.7E+07 2.8E+07 2.9E+07 3.0E+07

Energy (eV)
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5.33 Yttrium

UKAEA-R(18)004
Integro-Differential Validation

89y (n,g) 90m~

1.6

1.4

C/IE

1.2

0.8

C/E 5

1.57

C/E=1.27
1.18

0.64

N

Z 4
-0, -0,
6\*0/ 6\*02

7
-0,
G*oo

Z
-0,
%,

Z
-0
%0,

Cross section (b)

7
g7
6‘03

Lo,

‘g,

7
.,
6‘05

TENDLI17 total

Bao02000.tot
Benoist1951.tot
Bergman1966.tot *
Boldeman1977.tot L
Boldeman1977A001.tot
Booth1958.tot
Bostrom1959.tot .
Bramlitt1963.L00 -
Csikail967.tot v
Diven1960.tot
Dudey1970.L01
FarinaArbocco2013.L01
arinaArbocco2013A001.L01
FengqunZhouu2010.L01
Grench1967.L00
Grench1967.L01
( rench1967A001.LO0
| rench1967A001.L01
A bregeh1967A002.L01
.i" * F 1 Hasan1968.1.00
|

Macklin[96Y, tot
Macklin1967Yot
Magnusson1980.LQ
N ughabghabZOOG.LO
I hab2006.tot
Jabghal 6500\ tot

lll\' ! !

TENDL17 g — — —
TENDLI7 m — — —

VEAA
Perkin1958.tot //- \

\

1.0E-02 1.0E-01

Z
-0,
%

1.0E+00

1.0E+01

1.0E+02 1.0E+03

Energy (eV)

1.0E+04 1.0E+05 1.0E+06 1.0E+07
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3 I
25
C/E =2.30
[ ]
@)
2 I
1.5
| 1.00
! 1.00
<
>
Q,
& TENDLI7 total
o7 TENDLI7g — — —
TENDLI7m — — —
Diksic1974.L01 -
Qaim1973.L01
Wo001979.L01
of
&
S
~~
el L
N—' S/
[ pect
o~
=
13)
)
w
7]
w2
o
5 &
&
S
o
&
S
LU ! = ! !
@&4OE+07 1.5E+07 2.0E+07 2.5E+07
S Energy (eV)

5.33 Yttrium

UKAEA-R(18)004
Integro-Differential Validation

89y (n,t) 87sr
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5.33 Yitrium UKAEA-R(18)004
Integro-Differential Validation

89Y (n’a) 86IIle

1.6
C/E =148

14

1.31

C/E

0.76

o e

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —

Agrawal2008.L01 +
Bayhurst1961.tot
Begun2000.L01
Begun2000.tot
Begun2002.L01
Begun2002.tot
Bramlitt1963.L01 .
Doczi1998.L01 B
FengqunZhouu2008.tot -
Filatenkov1999.L01 N
Filatenkov1999.tot N
Grallert1993.tot .
| Greenwood1987.tot .
Kasugail998.L01
Kayashima1979.L00
Klopries1997.tot o
- KlopriesT997A001 tot
- _ - B e Levkovskiy1968.tot
P T~ T T = Paull933itot o
-7 ~ = — _Strohal1962.toft ~ = — —
e TewWest960.tot_
Yamauchil993.L01 = ~e— —

1.0%0

Z
.0&01

Cross section (b)
/.0& »

Z
.0&0\?

]'06:04

/ | | | |
1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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Cross section (b)
7 7 7
0@‘02 0&01 08"00

Z
.0&0\?

]'06:04

5.33 Yitrium UKAEA-R(18)004
Integro-Differential Validation

89y (n,a) 86Rb

C/IE

0.76

0.6 c/EL0.54

N

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —

Agrawal2008.L01 +
Bayhurst1961.tot
Begun2000.L01
Begun2000.tot
Begun2002.L01
Begun2002.tot
Bramlitt1963.L01 .
Doczi1998.L01 B
FengqunZhouu2008.tot -
Filatenkov1999.L01 N
Filatenkov1999.tot N
Grallert1993.tot .
Greenwood1987.tot .
Kasugail998.L01
Kayashima1979.L00

______ Klopries1997.tot °
- = - KlopriesT997A001 tot
- P TS o - Levkovskiy1968.tot
_- T~ T T — —Paull953tot -
e ~ — — _ Strohal1962.tot ~ = — —|
-7 TeWestos0.tot_ o
Yamauchil993.L01 = ~e— —
/
/
/ | | | 1
1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07
Energy (eV)
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Cross section (b)

Z 06}00
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-0,
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-0,
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4
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2
.0&0/

4
-0y
%y

5.34 Zirconium

UKAEA-R(18)004
Integro-Differential Validation

N7y (n,2n) 89m7;

14 |

C/E?I.IO

0.91

C/E

0.6
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QN
e
e
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I R in s

i
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/
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—
L - % ~ f _
s ‘\\\

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Abboud1969.tot .
Araminowicz1973.tot
Attar2008.L01 =
Barrall1969.tot =
BarreiraFilho1982.L01
Bayhurst1975.tot
Bayhurst1975A001.tot .
Bramlitt1963.L01 “
Chiadli1982.tot -
Csikail967.tot v
Csikail982.tot
Eapen1975.L00 .
Eapen1975.L01 .
Filatenkov1999.L01
Filatenkov1999.tot
Fujino1977.L00
Fujino1977.L01

Tkedal988 tot
Tkeda1991.L00
Tkedal991A001.LO0
Tkeda1993.tot ~
Kandal972.L00 «

1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07

Energy (eV)

2.4E+07

2.6E+07 2.8E+07 3.0E+07
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Cross section (b)

5.34 Zirconium

UKAEA-R(18)004

Integro-Differential Validation

N7y (n,2n) 897y

1.5
C/E=1.40
14 | s
1.3
1.2 C/E=1.14 C/E=1.15
o
o L1} 1.07
C/E F0.99 C/E =0.99
1
09 0.93
C/E =0.82
0.8 C/E ?0.76 ;
0.7
| | | | | | |
o o (5 \ \ )3 <
. A\ s W N o 5 ot 5 ot @wo %
0 e - Pe 7~
\ RS o 0 0
S T
& TENDLI7 total
Y T TENDLI7 g — — —
~ T TENDL17m — — —
. . Abboud1969.tot
T £ | B —— Araminowicz1973.tot
L T4 1 & ; | Attar2008.L01
S e Barrall1969.tot
(\410 (HA .L\ BarreiraFilho1982.L01
~N B 47/ =1 1 T Bayhurst1975.tot
o 4 Bayhurst1975A001.tot
_ Bramlitt1963.L01
Chiadli1982.tot
| e Csikail967.tot
S i 1, Csikail982.tot
& ey 4N - Eapen1975.L00
N il Lf / 1 e —— Eapen1975.L01
illss | P T = Filatenkov1999.L01
; L - =< Filatenkov1999.tot
B T fidl PR Fujino1977.L00
s 2 52 P N Fujino1977.L01 °
< / N N o
N 7/
o Y AN .
ST T 3
& .
S Tkedal988 tot e
= Ikedal991.L00.  °
Ikedal991A001.L00 ¢
Tkeda1993.tot ~
S % Kandal972.L00 < >
& 7
S
/1 I ‘ J-r T = g
S R v e = .
Shef et ——
v s 3 Te—a
i%cig T
S ]
< =& ! ! ! ! ! ! !
N 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07 3.0E+07
&
S Energy (eV)
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Cross section (b)
3 < 3, 6 2
23 0 23 o O, 0 23 o O, 0

2,

1.0&02

5.34 Zirconium UKAEA-R(18)004

Integro-Differential Validation

C/IE

90 71 (Il,p) 9OmY

1.3

1.20

1.2

0.8 0.83
A\
e
olls
&
TENDL17 total
TENDLI7 g — — —
TENDLI7m — — —

T Alford1961.L01 .
BarreiraFilho1982.L01 *
Bayhurst1961.tot *
Carroll1966.tot °
Carroll1966A001..tot -
Doczi1998.L01
Filatenkov1999.L01 .
Fujino1977.L01 B
Grallert1993.L01 -
Husain1970.L01 M
IbnMajah1990.L01 -
TbnMajah1990A001.L01 .
Tkeda1988.L01 .
Levkovskiy1963.tot .
Levkovskiy1969.L00
Levkovskiy1969.L01
Lul970.LO1
Majah2001.L01
Marcinkowski1990.LO1
Mollal986.L01
Molla1991.L01
Mukherjee1963.tot
Nemilov1973.tot
Osman1996.L01
Ovechkin1986.L01

Qaim1974.L01
~ Qaim1974.tot
N Qaim1990.tot

T
S e | | | |

0'06}00

5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07

Energy (eV)
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Cross section (b)
Z .
0&/« 2 0&/0

Z
-0,
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5.34 Zirconium

UKAEA-R(18)004
Integro-Differential Validation
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£, s éigq £,

Z
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9
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| 1.00
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¥
Qaim1976.tot
| | | | | | | | |
1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07

Energy (eV)
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5.34 Zirconium

UKAEA-R(18)004
Integro-Differential Validation

9z, (n,g) 97y

1.4

1.3
1.2

1.1

C/E

0.9
0.8

07 | C/E }0.66

1.36
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Q7
S

2

4 4 4
-0, -0, -0,
€$00 G%a % Gwﬂg

Cross section (b)
(0&0/

Z
-0,
%4,

Z
g7
6‘03

%4,

TENDLI17 total
Bao2000.tot
Boldeman1976.tot
Boldeman1976A001.tot -
Brooksbank1955.tot L
FarinaArbocco2013.tot
FarinaArbocco2013A001.tot
HuangXiaoLonggg2000.tot “
Kapchigashev1965.tot -
Lyon1959.tot v
Macklin1957.tot
Macklin1963.tot +
Macklin1967.tot .
Mughabghab2006.tot
Mughabghab2006A001.tot
Nakamural999.tot
Nakamura2003.tot
Pomerance1952.tot
Prajapati2012.tot
Ricabarral970.tot
Rundberg1978.tot .
Santry1973.tot .
Santry1973A001.tot
}_}{ Schuman1970.tot
Tagliente2008.tot o
Wyrick1982.tot °
Wyrick1982A001.tot o

‘g,

1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03

Energy (eV)

1.0E+04

1.0E+05 1.0E+06 1.0E+07
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Cross section (b)

Z
0
“q

\

2
T

5.34 Zirconium

UKAEA-R(18)004
Integro-Differential Validation

947, (n,p) 94~

1.5

CIE =
1.19 °

1.22
C/E

12 |

C/E

1.1

0.9

0.8 t ‘ ‘

1.14

0.88

| b= | | |

TENDLI17 total
Begun2007.tot
Bramlitt1963.tot
Carroll1966.tot
Fujino1977.tot
Goncalves1987.tot
Grallert1993.tot
Ikedal988.tot
Katoh1989.tot
Levkovskiy1963.tot
Levkovskiy1969.tot
Majah2001.tot
Marcinkowski1990.tot
Mollal991.tot
Mukherjee1963.tot
sman1996.tot
Pault9s3
Pepelnik1985.tot
Prasad1971.tot °
Qaim1974.tot °
Raics1991.tot
Reed1960.tot °
Sailer1977.tot °
Semkova2010.tot
SrinivasaRao1978.tot
Strohal1962.tot °
Tikku1972.tot °

5.0E+06 1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5E+07
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Cross section (b)

5.34 Zirconium

UKAEA-R(18)004
Integro-Differential Validation

C/E

1.1

0.9

0.8

0.7

0.6

967, (n,2n) 957y

C/E = 0.99

C/E=0.71

1.06

0.94

A\
K

TENDLI17 total
Araminowicz1973.tot
Filatenkov1999.tot
Fukudal978.tot
Greenwood1987.tot
IbnMajah1990.tot
Tkeda1988.tot
Lul1970.tot
LuHanlinn1991.tot
Majah2001.tot
Mollal991.tot
Pepelnik1985.tot
Qaim1974.tot
Raics1991.tot
Schwerer1976.tot

1.0E+07

1.5E+07

2.0E+07

Energy (eV)

2.5E+07
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Cross section (b)

Z
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/
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5.34 Zirconium

UKAEA-R(18)004
Integro-Differential Validation

C/E

967, (n,g) N7y

1.8

1.6

1.2

C/E

1.56

1.24

0.81

TENDLI17 total
Bao2000.tot
FarinaArbocco2014.tot
FarinaArbocco2014A001.tot -
Fulmer1971.tot L
Katabuchi2011.tot
Lyon1959.tot
Macklin1957.tot .
Macklin1963.tot “
Macklin1967.tot -
Mughabghab2006.tot v
Nakamura2003.tot
Pepelnik1985.tot .
Perkin1958.tot B
Pomerance1952.tot
Ricabarra1970.tot
Santry1973.tot
Santry1973A001.tot
Schuman1970.tot
Tagliente2008.tot
Tagliente2008 A001.tot
Toukan1990.tot °
Wagner1980.tot .
Wyrick1982.tot
Wyrick1982A001.tot

oy
fetih)

++

ks

1.0E-02

1.0E-01

1.0E+00

1.0E+01

1.0E+02

1.0E+03

Energy (eV)

1.0E+04

1.0E+05

1.0E+06

1.0E+07
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Cross section (b)
0 8 7 7 7 / / 2
0€,¢00 9-0& o 70@\ 0 6-0& 0, -0, 0 0@)(00 2@7(00 4@)(00 6@)(00 ‘?&‘00 06;00

5.35 Niobium

UKAEA-R(18)004
Integro-Differential Validation

9BNb (n,2n) 92mNb

25 F
2 |
1.5 C/E = 1.35
= CE=1TETL
@) C/E=1.06 ° o C/E=1051
C/E=0.96 CE=091 | CE=09 ;
1 ® CE=084 : ()
% C/E=0.72 0.90
0.5 C/E=0.29
®
O |
| | | | | | | | | |
\ .
R 9O A 0 a0 oF @b (D 9 9@
o (0 ST S (S @bl W APTT &
oo - oY
TENDL17 total
TENDL17g — — —
TENDL17m — — —
- Bhuiyan1989.L01 .
Bormann1970.L01
Bramlitt1963.L01
Chiadli1982.L.01
Csikail982.L01
o Darocry 1983101
Fessler2000.L01
Filatenkov1999.L01

] | | |

Frehaut1980.tot
Garleal984.L01
Garleal985.L01
Glagolev1961.L01
Haering1971.tot
Harper1982.L.01
Holub1976.L01
Honusek2011.L01 °
Honusek2011A001.L01 °
Honusek2011A002.L01 °
Honusek2011A003.L01 .
Hudson1978.L01
Husain1970.L01 °
Iguchi1987.L01 o
Tkedal1984.L01
Ikedal1988.L01
Tkedal991.L01 °
Tkedal991A001.L01 o
Ikedal1993.L01 °
Kim1986.L01 o
Kimural990.L01
Kiraly2001.LO1

1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5B+07 3.0E+07
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Cross section (b)
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5.35 Niobium

UKAEA-R(18)004
Integro-Differential Validation
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1.05

095

C/IE

0.85

08 | C/E=0.79

0.75

0.7

0.65 L !

1.00
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&b

TENDLI17 total

TENDL17g — — —
TENDLI7m — — —

Honusek2011.L01
Honusek2011A001.L01
Honusek2011A002.L01
Honusek2011A003.L01

Liskien1968.L01
Veeser1977.tot

1.8E+07 2.0E+07 2.2E+07 2.4E+07

Energy (eV)
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5.35 Niobium UKAEA-R(18)004
Integro-Differential Validation

93Nb (n,4n) 90N

Cross section (b)
Y Y 7 7 7
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| 1.00
‘ 1.00
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TENDL17 total
TENDL17g — — —
TENDL17m — — —
Honusek2011.tot +

Honusek2011A001.tot

Honusek2011A002.tot

Honusek2011A003.tot

i i
| | | | |
2.90E+07 2.95E+07 3.00E+07 3.05E+07 3.10E+07 3.15E+07 3.20E+07
Energy (eV)
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Cross section (b)

Z
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5.35 Niobium
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Integro-Differential Validation
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1.0&04

TENDL17 total

Bramlitt1963.11
Kim1986.L01
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Pepelnik1985.L01

———————— Kasugail994 LOI ~ = — —|
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2.0E+07

Energy (eV)
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Cross section (b)

5.35
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Integro-Differential Validation
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TENDLI17 total
TENDL17 g — — —
TENDL17m — — —
Bao02000.tot .
Belanoval965.tot
Belanoval965A001.tot *
Belanoval965A002.tot L
Belanoval965A003.tot
Belanoval965A004.tot
Berlev2007.tot .
Bramlitt1963.L01 -
Colmer1950.tot -
Diven1960.tot v
Druschel1968.tot
FarinaArbocco2013.L01 .
FarinaArbocco2013A001.L01 B
Grigoriev2001.tot
Grigoriev2007.tot
Kompe1969.tot
Kononov1958.tot
Macklin1967.tot
Macklin1976.tot
Macklin1976A001.tot
Macklin1976A002.tot °
Macklin1976A003.tot o
. Mughabghab2006.tot
Poenitz1974.tot
\x\\";""‘" opov1962.tot o

o o o o
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)

5.35 Niobium
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Integro-Differential Validation
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TENDLI17 total
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5.35 Niobium UKAEA-R(18)004
Integro-Differential Validation
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5.36 Molybdenum
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Integro-Differential Validation
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Integro-Differential Validation
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Integro-Differential Validation

9 Mo (n,p) 9Nb

1.22
1.2
1
0.8 0.82
@
@)
0.6
0.4
0.2
C/E=0.01
N
Qo

6,
-0,
%4,

J,
-0,
%4,
T

4
-0,
%40,

%4,

Cross section (b)
7,

2
.0&02

Z
-0,
%0,

—_———

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Amemiyal982.L00 .
Artemev1980.L01
Artemev1980.tot =
Atsumil984.L.00 @
Atsumil984.L01
Fukudal978.L00
Grallert1993.L01 .
Ikedal988.L01 “
Ikedal988.tot -
KongXiangzhongg1992.L00 M
KongXiangzhongg1992.L01
Liskien1990.L00 .
Liskien1990.L01 .
Marcinkowskil986.L01
Marcinkowski1986.tot
Molla1986.tot °
al997.tot °
Qaim™9Z4.tot °
Rahman1985.tot
=~ — — ~ Reimer2001.L01
éimer2003.L01 <
Reimer2005.tot  ~ew _ |
Reimer2005A001.L01
Semkova2014.L01
Semkova2014.tot °

5.0E+06 1.0E+07 1.5E+07 2.0E+07

Energy (eV)

4
-0y
%y

2.5E+07 3.0E+07

UKAEA Page 245 of [531]



z z Z
-0&0\? -0&02 O, o

Cross section (b)

1.0&0«

5.36 Molybdenum UKAEA-R(18)004

Integro-Differential Validation
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Integro-Differential Validation
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Cross section (b)

1.0&02

Z
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5.36 Molybdenum UKAEA-R(18)004

Integro-Differential Validation

C/IE
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TENDLI17 total
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Cross section (b)
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5.36 Molybdenum

UKAEA-R(18)004
Integro-Differential Validation
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Amemiyal982.tot
Araminowicz1973.tot
Atsumi1984.tot
Csikail967.tot
Cuzzocreal967.tot
Filatenkov1999.tot
Filatenkov2001.tot
Fujino1977.tot
Tkeda1988.tot
Khuranal961.tot
KongXiangzhongg1991.tot
Lu1970.tot
Marcinkowskil986.tot
Maslov1972.tot
Molla1986.tot
Osman1996.tot
Paul1953.tot
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Cross section (b)
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5.36 Molybdenum

UKAEA-R(18)004
Integro-Differential Validation
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Pasechnik1958.tot
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5.36 Molybdenum

UKAEA-R(18)004
Integro-Differential Validation
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Filatenkov2001.tot
Grallert1993.tot
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Semkova2014.tot
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Cross section (b)
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5.37 Ruthenium

UKAEA-R(18)004
Integro-Differential Validation
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5.37 Ruthenium UKAEA-R(18)004
Integro-Differential Validation
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5.37 Ruthenium

UKAEA-R(18)004

Integro-Differential Validation
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Cross section (b)
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5.38 Rhodium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.38 Rhodium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
20, 30, <0, I, %))
%, %, %, %, %,

Z
.0&01

0'06}00

5.38 Rhodium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.38 Rhodium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
Z
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5.38 Rhodium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.39 Palladium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.39 Palladium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.39 Palladium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.39 Palladium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.40 Silver UKAEA-R(18)004
Integro-Differential Validation
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5.40 Silver
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Integro-Differential Validation
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Cross section (b)
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5.40 Silver
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Integro-Differential Validation
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Cross section (b)
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5.40 Silver
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Integro-Differential Validation
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Cross section (b)

5.41 Cadmium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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5.41 Cadmium UKAEA-R(18)004
Integro-Differential Validation
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5.42 Indium
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Integro-Differential Validation
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Belgaid1992.1L.01 .
Buczko1991.L00
Buczko1991.L01 =
Chatterjee1969.L01 a
Decowskil973.tot
FeiTu002006.L01
Holub1976.L00 .
Holub1976.L01 “
Kawade1990.L01 -
KeWeii1989.L01 v
Konno1990.L01
Konno1993.L01 .
Kozlowski1968.L00 .
Kozlowskil968.L01
LiJianweii1988.L01
Minetti1968.L00
Minetti1968.L01
Minetti1968.tot
Palvanov2014.L.00
Palvanov2014.L01
Reggoug1982.L.00 °
Reggoug1982.L01 °
Reggoug2006.L00
Reggoug2006.L01
Roetzer1968.LO0
Roetzer1968.L01
Ryves1983.L00
Ryves1983.L01
Sakane2001.L00
Sakane2001.LO1 .

o o o o

©o s o o

1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5E+07 3.0E+07
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5.42 Indium

UKAEA-R(18)004
Integro-Differential Validation

131y (n,2n) 127y

0.8

C/E

02 | C/E20.16

0.89

2
20, 6}00

V4
[Ny
%

Cross section (b)

Z o€$00

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Belgaid1992.1L.01 .
Buczko1991.L00
Buczko1991.L01 =
Chatterjee1969.L01 a
Decowskil973.tot
FeiTu002006.L01
Holub1976.L00 .
Holub1976.L01 “
Kawade1990.L01 -
KeWeii1989.L01 v
Konno1990.L01
Konno1993.L01 .
Kozlowski1968.L00 .
Kozlowskil968.L01
LiJianweii1988.L01
Minetti1968.L00
Minetti1968.L01
Minetti1968.tot
Palvanov2014.L.00
Palvanov2014.L01
Reggoug1982.L.00 °
Reggoug1982.L01 °
Reggoug2006.L00
Reggoug2006.L01
Roetzer1968.LO0
Roetzer1968.L01
Ryves1983.L00
Ryves1983.L01
Sakane2001.L00
Sakane2001.LO1 .

o o o o

©o s o o

1.0E+07 1.5E+07 2.0E+07

Energy (eV)

2.5E+07 3.0E+07
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2
20, 6}00

V4
5,
%t

Cross section (b)

Z o€$00

3
-0,
%,

5.42 Indium UKAEA-R(18)004
Integro-Differential Validation
115y, (n,2n) 114gyy)
13 |
CE=1.22
1.2 |
1.12
I 1.1
@)
1
0.9
0.89
0.8 —
P
e

TENDLI17 total
TENDL17g — — —
TENDLI7m — — —
Barrall1969.L01
Barrall1969A001.L01
Bormann1967.L00 =
Csikail990.L00 @
Csikail990.L01
FeiTu002006.L01
Filatenkov1999.L01 .
Garg1979.L01 -
Grochulskil1970.tot -
Iwasakil996.L01 v
Janczyszyn1973.L01
Kayashimal979.L01 .
KeWeii1989.L01 .
Kozlowskil968.L00
LiJianweii1988.L01
LiJianweiil988A001.L01
LiJianweiil988A002.L01
LuHanlinn1975.L01
LuHanlinn1989.L.01
Menlove1967.L01
Minetti1968.L00 o
Minetti1968.L01 o
Minetti1968.tot
Nagel1966.L00
Paulsen1975.L01
Prasad1967.L00
Prestwood1961.L01
Reggoug2006.L01
Roetzer1968.L00
Roetzer1968.L01

o o o o

©o s o o

/
/
i i
/ _—— T — — — — - S —
@ - ~ -~ - -
A T - _
e e
1 Tz - | ‘
1.0E+07 1.5E+07 2.0E+07 2.5E+07
Energy (eV)

3.0E+07

UKAEA Page 275 of [531]



Cross section (b)

5.42 Indium UKAEA-R(18)004
Integro-Differential Validation
1151 (nna) 111Ag
8 I
7 -
C/E =6.33
6 I
5 I
&
O
4 I
3 I
2 I
1.38
1
‘ 0.72
>
9
ST
\éo - ——— " TENDLI7Tg ===
- TENDLI7m — — —
Bramlitt1963.tot
Qaim1986.L00
Sr T T T T
&
S
S
S
o | |
LPE07 1.5E+07 2.0E+07 2.5E+07 3.0E+07
~ Energy (eV)
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5.42 Indium UKAEA-R(18)004
Integro-Differential Validation

1151 (n,g) 116mry,

1.25
1.2
1
@ 08
S 0.80
0.6
C/E=0.37
04 ° C/E=0.33
02 ‘
A\ A\
ot g\\&*/
vles Vil
& &
é’) n
Q*)/» L TENDLI17 total
S TENDL17g — — —
TENDL17m — — —
TENDL17n — — —
Alexander1963.L01 .
Anand1979.tot x
Antonini1978.L01 *
Bacso1963.L00 L
Bacso1963.tot
Ba02000.L01
Bao02000.tot

Beckurts1963.L00
Beckurts1963.L01 -
Bhike2012.L01 v
Blair1944.tot N
Booth1958.tot
Broadhead1967.tot
Brzosko1971.tot
Campbell1970.tot
Celenk1991.L01
Chaubey1965.L00
ChiFongAiiil979.tot
Clark1967.L02
Cox1964.L00
Cox1964.tot °

Demekhin1986.L01

Cross section (b)
/ 7 7 / / / 7
%y, 0%0 0%/ 0@02 0%3 0%4

FarinaArbocco2014.tot

&
&
S
S
&
S
w | | | | | | | | | ot \\
Q)«Q 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07
N
~ Energy (eV)
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Cross section (b)
/ 7 7 / / / 7
%y, 0%0 0@0/ 0@02 0%3 0%4

5.42 Indium UKAEA-R(18)004
Integro-Differential Validation
1151, (1,g) 1161,
2.6
C/E 52.44
2.4 }
2.2
2
o
O 1.8
1.6
1.4
1.2
1.02
1
! 0.98
o
A\
L TENDL17 total
TENDL17 g — — —
TENDL17m — — —
TENDL17n — — —
Alexander1963.L01 .
Anand1979.tot x
Antonini1978.L01 *
Bacso1963.L00 L
Bacso1963.tot
Ba02000.L01
Bao02000.tot .

Z
-0,
%40,

Z
q7)
%5

FarinaArbocco2014.tot

Beckurts1963.L.00
Beckurts1963.L01
Bhike2012.L01
Blair1944.tot
Booth1958.tot
Broadhead1967.tot
Brzosko1971.tot
Campbell1970.tot
Celenk1991.L01
Chaubey1965.L00
ChiFongAiiil979.tot
Clark1967.L02
Cox1964.L00
Cox1964.tot
Demekhin1986.L01

001.tot

e 0o 0 0 o o

1.0E-02

Z
-0,
%,

1.0E-01

1.0E+02 1.0E+03

Energy (eV)

1.0E+06 1.0E+07
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Cross section (b)

5.42 Indium UKAEA-R(18)004
Integro-Differential Validation

1151, (n,t) 113¢d

C/E=2.16

C/E

1.8

1.6 |
14 |

1.2 |

1.00
! 1.00

2
T

S TENDE L total
é{) TEINDTT
N _IENDLI7g — ——
TENDLI7m — ——
Woelfle1990.tot
,3’ -
¥
N
,Qv -
&
S
,@ -
&
~ b
o I | | | | | | | |
@E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07 3.0E+07
N
S

Energy (eV)
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5.42 Indium UKAEA-R(18)004
Integro-Differential Validation

1151, (n,h) 113gAg

6 I
5 I
C/E =% 4.39
)
4 |
@)
3| 1
2 I
1.00
! ‘ 1,00
e ’
>
S/
S TENDLI7 total
N TENDLI7 g — — —
<
§
S
st
&
e -
~~
o)
N
= o
S &
R T
o~ |
)
w
2
=l
(OB
N
§
S
of
§
S
° | | | |
& 1.0E+07 1.5E+07 2.0E+07 2.5E+07
S

Energy (eV)

UKAEA Page 280 of [531]

3.0E+07



Cross section (b)

5.42 Indium

UKAEA-R(18)004
Integro-Differential Validation

1151, (nh) 1134

1.2 F
1.1
1 1.00
1.00
S C/E=091
© oo} .
0.8
0.7
|
%
6’%
S/
S TENDLI7 total
N TENDLI7 g — — —
<
§
S
st
&
e -
st
§
S
st
§
S
N
§
S
of
§
S
° | | | |
I
& 1.0E+07 1.5E+07 2.0E+07 2.5E+07
S

Energy (eV)
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5.42

Indium

UKAEA-R(18)004
Integro-Differential Validation

C/E

115In (n,a) 112Ag

C/E = 2.09

1.5

1.43

s

P
4
<>

Z
q7)
%,
T

Cross section (b)

®
S|
§
S

TENDLI17 total
Blosser1955.tot
Coleman1959.tot
FeiTu002006.tot -
Filatenkov1999.tot L
Grallert1993.tot
KeWeiil989.tot
Konno1990.tot
Konno1993.tot
Leshchenko1987.tot
Levkovskiy1969.tot
Nagel1966.tot
Pepelnik1985.tot
Ryves1983.tot
Temperley1970.tot

1.0E+07

Energy (eV)
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5.43 Tin

UKAEA-R(18)004

Integro-Differential Validation

112g), (n,2n) Hlgy

1.15 |
1.1 | 1.09
1.05 T
= 1
O C/E = 0.96
[ ]
0.95
92
0.9 | 0.9
0.85
0.8 | |
O\
(0%
S
Q‘)ﬁ TENDLI17 total
rf} Araminowicz1973.tot
v Betak2005.tot
Bormann1968.tot
Csikail967.tot
Fink1970.tot
Tkeda1988.tot
Klyucharev1963.tot
N Lulic1968.tot
N PuZhongShenggg2008.tot
& Rayburn1961.tot
v Rayburn1963.tot
Temperley1970.tot
Tewes1960.tot
~
S
=y
«
8
Q
O
7]
n
%2)
s |
O &
&
S
9\,
&
o
=
S | | | | | | | | |
(f 1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07
Q
S Energy (eV)
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Cross section (b)
0 8 7 7 7 / / 2
0197(00 30& o 70@\ 0 '5-0& 0, -0, 0 0@)(00 2@7(00 4@)(00 6@)(00 &&‘00 0@,(00

5.43 Tin UKAEA-R(18)004
Integro-Differential Validation

14g;, (n,2n) 13gy

1.2 1.16

1.1

0.9

C/E

0.86
0.8

0.7

0.6 C/E=0.58

0.5

SO
R

TENDLI17 total

TENDL17g — — —

TENDLI7m — — —
Berrada1984.L01
Berrada1984A001.L01
Betak2005.tot
Tkeda1988.tot
Lulic1968.tot
Temperley1970.tot

1.2E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07 3.0E+07

Energy (eV)
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543 Tin UKAEA-R(18)004
Integro-Differential Validation

114Gy, (4n.np) 113mpy,

1.8 1.74

C/E

0.57
04 C/E ?0.37

Cross section (b)
3 < 3, 6 2 8 9
0& 0 0& o 0& - 0& 0 0& o 0& - 0& 0

2,

1.0&02

1.0E+07 1.5E+07 2.0E+07 2.5E+07

Energy (eV)

0'06}00

UKAEA Page 285 of 531

3.0E+07



Cross section (b)

VA
"061 o

1.0&02

543 Tin UKAEA-R(18)004
Integro-Differential Validation

1168y, (n,p) 1161

1.5
1.40

1.4

C/E

0.7 0.71

oo
e

TENDLI17 total
TENDLI17g — — —
TENDLI7m — — —
TENDL17n — — —
Betak2005.L01 -
sk01963.L00
Brzosko g
Chursin1963.tot
Gopych1987.L01
Gopych1987.L02
Grallert1993.L01 .
Ikedal988.LO1 B
Lul970.LO1 -
Lulic1968.tot N
—————————— — = —PuZhongShenggg20+1-L0+ — — _ _|
= = Sothras]977.L02 .
- Struwe 197%. tot — =

| 1 L | | |

5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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Cross section (b)
7 6 8 7
23 - 23 - 23 o 23 o

2o,

0'06}00

543 Tin UKAEA-R(18)004
Integro-Differential Validation

1168y, (nnp) 115mpy,

1.8

1.71

@)
0.58
C/E =0.40
0.4
|
50
R
TENDLI17 total
|
1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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5.43 Tin UKAEA-R(18)004

Integro-Differential Validation

C/E

117Sn (n,p) 117m1n

1.5
1.42

0.7

0.70

SO
N

Cross section (b)
. 2 2 3 3
5&02 0&02 5&02 0&02 5& 0

/.0& »

3,
-0,
%,

TENDLI17 total
TENDLI17g — — —
TENDLI7m — — —

Betak2005.L00 -

Betak2005.L01

Brzosko1963.L00
Brzosko1963.L01
Grallert1993.tot
Grochulskil975.tot

Hasan1972.L00 .

Hasan1972.L01 B

Tkeda1988.L00 -

Tkedal988.LO1 M

Klyucharev1963.tot
Lu1970.L00 .
s Lul970L01 -

Lulic1968.L0
PuZhongShenggg2011.L00
PuZhongShenggg2011.L01
_Struwe1974.L00

StruweT974.E0L_
Struwe1974.tot

—_————

.
.
o
.

IR

0'06}00

5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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Cross section (b)
7 . 2 2 3 3
g, 0 3. 0 23 o 3. 0 23 0 3% 0

3,
-0,
%,

0'06}00

5.43 Tin

UKAEA-R(18)004
Integro-Differential Validation

C/E

1.3

1.2

0.8

0.7

178, (np) 1171

1.20

C/E=0.75 083
’

SO
N

TENDL17 total

TENDLI7 g — — —
TENDLI7 m — — —

Betak2005.L00
Betak2005.L01
Brzosko1963.L00
Brzosko1963.L01
Grallert1993.tot
Grochulskil975.tot
Hasan1972.L00
Hasan1972.L01
Tkeda1988.L00
Tkedal988.LO1
Klyucharev1963.tot
Lu1970.L00

s Lu1970.L01

Lulic1968.L0
PuZhongShenggg2011.L00
PuZhongShenggg2011.L01
_Struwe1974.L00

—_————

Struwe1974.tot

StruweT974. K0

~
N

5.0E+06

1.0E+07 1.5E+07 2.0E+07 2.5E+07

Energy (eV)
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5.43 Tin

UKAEA-R(18)004
Integro-Differential Validation

118gy, (n,2n) 117Tmg,

1.1 | 1.08
1
09 0.92
@) C/E = 0.80
0.8 |
0.7
06 C/E =§ 0.57
0.5 : :
\\0\)‘ %‘\
1 &Q%/
(oo
S
Q‘)ﬁ TENDL17 total
% TENDL17g — — —
~ TENDLI7m — — —
Betak2005.L01 .
S Brzosko1965.L01
3z Grochulskil975.L01
é) Tkedal988.L01
N Lulic1968.L01
PuZhongShenggg2008.L01
N
N
K
4
N
D
&
~
o
N
g Q
2 g
QS
(P2 il
R
2] EEL%
»n & e
S & T
=S el
O PP
Ve
Vv
(Q,S /7
/7
N 47
/%
N 4
§ /
w Y
Y
/!
I
§ /!
% 7
v/
! ! ! !
D
4{)% 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07
S Energy (eV)
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Cross section (b)
7 i 2 2 3
23 0 3. 0 23 0 3. 0 23 0

3,
-0,
%,

0'06}00

5.43 Tin UKAEA-R(18)004

Integro-Differential Validation

C/E

118gy, (n,p) 118myy,

1.6

1.5
1.40

1.4

0.7 0.71

7

TENDL17 total
TENDLI17g — — —
TENDLI7m — — —
TENDL17n — — —

Brzosko1965.L00 -
Brzosko1965.L01
1sinl1963.tot

Py
Gopych1987.L01
Gopych1987.L02

Grallert1993.tot .
Lalremruata2012.tot B
Lulic1968.L01 -
Mavaddat1974.L00 M
Murahiral995.tot N
Struwe1974.L00 B
Struwe1974.tot .
Struwe1974A001.tot

5.0E+06

1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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543 Tin UKAEA-R(18)004
Integro-Differential Validation

118Sn (n,a) 115ng

1.4

1.29

C/E

0.78

C/E = 0.47

SO
N

~
409 r TENDLI17 total
SF TENDLI7g — — —
TENDL17m — — —
Bayhurst1961.L00 N
Betak2005.L00
Grallert1993.L00
Levkovskiy1969.L00
Levkovskiy1969.L01
ZhongshengPuu2011.tot

1.0&02

Cross section (b)

Z
'06103

Energy (eV)
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Cross section (b)

‘7 ’
) )
L e

2 < 0, &
-0&0/ ‘O, o g2:3 o -0&0/

4]
-0y
6,(00

5.43 Tin UKAEA-R(18)004
Integro-Differential Validation

120gy, (n,2n) 119mg,
1.6 |
1.5
14
1.3
C/E=1.22
S °
@) 1.2
1.11
1.1
1
0.9 0.90
\
Ao
Nid
TENDLI17 total
TENDL17 g — — —
TENDL17 m — — —
Lulic1968.tot

1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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Cross section (b)

5.43 Tin

UKAEA-R(18)004
Integro-Differential Validation

120G, (3, p) 120mp,

1.26
1.2
1
0.8
=8 0.79
o~
@)
0.6
04
02
C/E =0.06
[}
o
N\
SF
< f TENDL17 total
S TENDLI7 g — — —
L TENDL17m — — —
| TENDL17n — — —
Chursin1963.1.00
______________ Gopych1987.L01
________ Gopych1987102 —~ = — |
I - Kasugai1998.L01
_ - Kasugai1998.L02
e Lalremruata2012.tot
| e Poularikas1960.L00
,@’ N P Poularikas1960.tot
&t - Struwe1974.L00
~oF - Struwe1974.L01
r /:E‘— ﬁ Struwe1974.tot
L 2 % _________ T T T T T T T T T
/’ﬁ/ﬁ -7 - T
L / .- - -
/ - -
ol 7
4 Ve
of/ 0T+ -7
fo’% ¢ // -7
\Q' [ 7 - -
L 7/ Ve
I / -,
/ L e
» / P
/
4 ’
/
/
/
wE 7
SF
S/
&
~ F
- | | | | | | | |
@E+07 1.4E+07 1.6E+07 1.8E+07 2.0E+07 2.2E+07 2.4E+07 2.6E+07 2.8E+07 3.0E+07
N
S

Energy (eV)
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5.43 Tin

UKAEA-R(18)004
Integro-Differential Validation

C/E

1.3

0.8

0.7

0.6

0.5

12OSI1 (n,a) 117ng

1.23

0.81

B C/E = 0.56

SO
N

1.0&02

VA
O, 0

Cross section (b)

1.0&04

TENDLI17 total
TENDL17g — — —
TENDL17m — — —

Gopych1987.LO
Grallert1993.L00
- Grallert1993.L.01
Tkedal1988.L00
Tkedal988.L01 .
YuWenYuuul966.tot v
ZhongshengPuu2011.L00 -
ZhongshengPuu2011.L01 B

J—— —_—

1.0E+07

Energy (eV)
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Cross section (b)

543 Tin UKAEA-R(18)004
Integro-Differential Validation

1208n (n,a) 117mCd

1.3

1.23

C/E

SO
N

TENDLI7 total
TENDL17 g — — —
TENDL17m — — —

Gopych1987.LO
Grallert1993.L00

- Grallert1993.L.01 .

Tkedal1988.L00 B

Tkedal988.L01 .

YuWenYuuul966.tot v

ZhongshengPuu2011.L00 -

ZhongshengPuu2011.L01 B

VA
O, 0

IA o

1.0E+07

Energy (eV)
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5.43 Tin

UKAEA-R(18)004
Integro-Differential Validation

Sn (n,2n) *428Sn
1.2
C/E = 1.09
1.08
1
0.93
&) 0.8 |
06
C/E = 0.50
[ ]
04 r
! 1
’\\‘0& %90
&0‘5/ AN
S
S TENDLI7 total
. TENDLI7 g — — —
~ TENDL17 m — — —
Betak2005.L01 -
N Tkedal988.L01
N Klyucharev1963.L01
& Lulic1968.L01
N PuZhongShenggg2008.1.01
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o e \\
N 7 \
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g s 4 \
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< ! ! ! !
@S 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07
S Energy (eV)
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5.43 Tin

UKAEA-R(18)004
Integro-Differential Validation

124g), (n,2n) 123mgy,

1.3 ¢
C/E=1.19
1.2
1.13
1.1
=R
@)
1
C/E=0.88
0.9 C/E =0.85 ;
? ‘ 0.88
0.8
| | |
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Integro-Differential Validation
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Integro-Differential Validation
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5.51 Praseodymium
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Integro-Differential Validation
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5.52 Neodymium
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Integro-Differential Validation
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Integro-Differential Validation
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Integro-Differential Validation
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5.53 Samarium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.54 Gadolinium UKAEA-R(18)004
Integro-Differential Validation
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5.54 Gadolinium UKAEA-R(18)004
Integro-Differential Validation
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5.54 Gadolinium
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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5.56 Dysprosium
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5.56 Dysprosium
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Integro-Differential Validation
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5.56 Dysprosium

UKAEA-R(18)004

Integro-Differential Validation

164Dy (Tl,g) 165gDy

C/IE

0.7
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0.94
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% %/ %2 S, 0,
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Z
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Z
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\ Y

TENDLI17 total
TENDL17 g — — —
TENDL17m — — —

Alstad1972.L00 .

Alstad1972.L01

Alstad1972.tot *
Bao02000.tot L
Bensch1971.tot
Bokhovko1988.tot
Booth1958.tot .
Celenk1991.L00 -
Chaubey1965.tot -
Chaubey1968.L00 v
Chaubey1968.L01
FarinaArbocco2014.tot +
FarinaArbocco2014A001.tot .
Fawcett1972.tot
Goldhaber1947.tot
House1958.tot
HyunJeChoo02001..tot
Johnsrud1959.tot
Karadag2005.tot
Kim2004.tot
Kim2004A001.tot °
Kononov1981.tot o
LakshmanaRao1972.L.00
LakshmanaRao1972.L01
* % s Lucasl977.L00 e
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u =hab2006.L01 o

o o o o

\_Miighaby
=\ ~Mughabghab006.tot.
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Z
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1.0E+01 1.0E+02 1.0E+03
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1.0E+04
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5.56 Dysprosium

UKAEA-R(18)004
Integro-Differential Validation

14 |
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1.1 |
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C/E = 1.30
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Z
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TENDL17 g — — —
TENDL17m — — —
Alstad1972.L00 .
Alstad1972.L01
Alstad1972.tot *
Bao02000.tot L
Bensch1971.tot
Bokhovko1988.tot
Booth1958.tot .
Celenk1991.L00 -
Chaubey1965.tot -
Chaubey1968.L00 v
Chaubey1968.L01
FarinaArbocco2014.tot +
FarinaArbocco2014A001.tot .
Fawcett1972.tot
Goldhaber1947.tot
House1958.tot
HyunJeChoo02001..tot
Johnsrud1959.tot
Karadag2005.tot
Kim2004.tot
Kim2004A001.tot °
Kononov1981.tot o
LakshmanaRao1972.L.00
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* % s Lucasl977.L00 e
“*Mangal 1962.L00 o
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o o o o
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Z
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Energy (eV)
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5.56 Dysprosium

UKAEA-R(18)004
Integro-Differential Validation

164Dy (1.0 165Dy

(n,g)

C/E
N

C/E =5.34
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P
7
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7 Y
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z
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v
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Z
-0,
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Z
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—

TENDLI17 total
TENDL17 g — — —
TENDL17m — — —
Alstad1972.L00 .
Alstad1972.L01
Alstad1972.tot *
Bao02000.tot L
Bensch1971.tot
Bokhovko1988.tot
Booth1958.tot .
Celenk1991.L00 -
Chaubey1965.tot -
Chaubey1968.L00 v
Chaubey1968.L01
FarinaArbocco2014.tot +
FarinaArbocco2014A001.tot .
Fawcett1972.tot
Goldhaber1947.tot
House1958.tot
HyunJeChoo02001..tot
Johnsrud1959.tot
Karadag2005.tot
Kim2004.tot
Kim2004A001.tot °
Kononov1981.tot o
LakshmanaRao1972.L.00
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o o o o
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Energy (eV)
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Z
-0y
%40,
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-4,
%0,

72
&02

Z
-0,
%0,

Cross section (b)
8
0&03

5.56 Dysprosium

UKAEA-R(18)004
Integro-Differential Validation

164Dy (n,p) 164Tb

2.6
2.4
2.2 C/E %2.09
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O 1.6
1.41
1.4
1.2
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5.57 Holmium

UKAEA-R(18)004
Integro-Differential Validation

165y, (n,2n) 164myy,
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Dilg1968.tot @
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KaihongFangg2008.L01 -
KaihongFangg2009.L00 -
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Qaim1974.L00 .
Qaim1974.L01 .
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Sethil966.L.01 o
Steiner1970.L00
Steiner1970.L01

o o o o
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Energy (eV)
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5.57 Holmium

UKAEA-R(18)004
Integro-Differential Validation
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Bormann1968.L01
Dilg1968.L01 =
Dilg1968.tot @
Junhual.uoo2014.L00
Junhual.uoo2014.L01
JunhuaLuoo2014.tot .
KaihongFangg2008.L01 -
KaihongFangg2009.L00 -
Khuranal961.tot v
Menlovel967.L01
Qaim1974.L00 .
Qaim1974.L01 .
Qaim1974.tot
Reggoug1982.L.00
Reggoug1982.1L01
Sakane1996.L00
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Sakane2001.L00
Sakane2001.LO1
Sethil966.L00 °
Sethil966.L.01 o
Steiner1970.L00
Steiner1970.L01

o o o o

1.0E+07 1.5E+07 2.0E+07

Energy (eV)
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5.57 Holmium UKAEA-R(18)004
Integro-Differential Validation

165HO (n,t) 163Dy
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5.57 Holmium UKAEA-R(18)004
Integro-Differential Validation
16540 (n,h) 163
10
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Cross section (b)
Z
0&03

5.57 Holmium UKAEA-R(18)004

Integro-Differential Validation

C/E

16550 (1.a) 16271,

C/E = 1.30 1.32

0.76
|
>
&
TENDLI17 total
KaihongFangg2008.tot
Mughabghab2006.tot
Qaim1984.tot
RamaPrasad1969.tot

Ryves1990.tot
Sakane1996.tot
Sakane1997.tot

1.0E+07

Energy (eV)
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5.58 Erbium

UKAEA-R(18)004
Integro-Differential Validation
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5.58 Erbium UKAEA-R(18)004
Integro-Differential Validation
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5.58 Erbium

UKAEA-R(18)004
Integro-Differential Validation
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5.58

Erbium UKAEA-R(18)004
Integro-Differential Validation

C/E

1665, (n.p) 16621,

1.3
1.25

0'8 C/E = 0.75 080

0.7

Cross section (b)

TENDL17 total
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Ly gy g, g, %, "%y, T, TRy, U0, T, %,

5.0E+06 1.0E+07 1.5E+07 2.0E+07 2.5E+07 3.0E+07

Energy (eV)
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Cross section (b)
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5.58 Erbium

UKAEA-R(18)004
Integro-Differential Validation
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5.58 Erbium

UKAEA-R(18)004
Integro-Differential Validation
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Z
.0& 0

Cross section (b)

]'06104

5.58 Erbium UKAEA-R(18)004
Integro-Differential Validation
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5.58 Erbium

UKAEA-R(18)004
Integro-Differential Validation
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5.59 Thulium

UKAEA-R(18)004
Integro-Differential Validation
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5.60 Ytterbium

UKAEA-R(18)004
Integro-Differential Validation
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5.60 Ytterbium UKAEA-R(18)004
Integro-Differential Validation
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5.60 Ytterbium UKAEA-R(18)004
Integro-Differential Validation
L7451, (mh) 1725
14
1.3 |
1.2
S I C/E % 1.06
S °
| 1.00
1.00
09
0.8
>
e
é{)&‘ TENDLI7 total
<
§
<
~ &
o8
=
S
8 s
g
O
g
.
§
° | | | |
é‘? 1.0E+07 1.5E+07 2.0E+07 2.5E+07
~ Energy (eV)

UKAEA Page 371 of [531]

3.0E+07



Cross section (b)
/‘0@‘0\3

5.60 Yiterbium UKAEA-R(18)004

Integro-Differential Validation
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5.61

Lutetium

UKAEA-R(18)004
Integro-Differential Validation
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Bao02000.tot L
Ba02000A001.LO1
Bao2000A001.tot
Baston1960.tot .
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Beer1981A002.tot v
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Bokhovko1991.tot +
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Gryntakis1976.L01
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Cross section (b)
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5.61

Lutetium

UKAEA-R(18)004
Integro-Differential Validation
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5.61 Lutetium UKAEA-R(18)004
Integro-Differential Validation
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5.61 Lutetium

UKAEA-R(18)004

Integro-Differential Validation
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5.62 Hafnium
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Integro-Differential Validation
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Cross section (b)

5.62 Hafnium
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Integro-Differential Validation
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Cross section (b)
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5.62 Hafnium
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Integro-Differential Validation
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Cross section (b)
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5.62 Hafnium
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Integro-Differential Validation
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5.62 Hafnium UKAEA-R(18)004
Integro-Differential Validation
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Integro-Differential Validation
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5.62 Hafnium UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)

5.62 Hafnium

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.62 Hafnium
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Integro-Differential Validation
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5.63 Tantalum UKAEA-R(18)004

Integro-Differential Validation
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5.63 Tantalum
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Integro-Differential Validation
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5.63 Tantalum

UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)
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5.63 Tantalum
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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5.63 Tantalum
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Integro-Differential Validation
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Cross section (b)
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Cross section (b)

5.63 Tantalum
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Integro-Differential Validation
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Cross section (b)
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Cross section (b)
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Cross section (b)
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5.64 Tungsten
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)
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5.64 Tungsten UKAEA-R(18)004
Integro-Differential Validation
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Cross section (b)
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5.64 Tungsten
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Integro-Differential Validation
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Cross section (b)
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5.65 Rhenium
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5.65 Rhenium
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Integro-Differential Validation
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Cross section (b)
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Integro-Differential Validation
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5.65 Rhenium
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Integro-Differential Validation
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5.65 Rhenium UKAEA-R(18)004
Integro-Differential Validation
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Integro-Differential Validation
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Integro-Differential Validation
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Integro-Differential Validation
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Cross section (b)
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Cross section (b)
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Integro-Differential Validation
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Cross section (b)
L5, 20, 25y
% g, %,

V4
-0
ey

J,
-0,
%,

5.71

Thallium

UKAEA-R(18)004
Integro-Differential Validation

C/E

1.5

1.4

1.3

1.2

1.1

0.9

20371 (n,2n) 2027

C/E=1.22

1.06

0.95

e

H

TENDLI17 total
Araminowicz1973.tot
Bayhurst1975.tot
Bayhurst1975A001..tot
Bayhurst1975A002.tot
Csikail991.tot
Dilg1968.tot
Druzhinin1971.tot
Eapen1975.L00
Frehaut1980.tot
Hankla1972.tot
Kiraly2001.tot
Peto1968.tot
Poularikas1960.tot
Prestwood1961.tot
Tewes1960.tot
Vallis1966.tot

1.0E+07

1.5E+07

2.0E+07

Energy (eV)

2.5E+07

UKAEA Page 441 of [531]

3.0E+07



Cross section (b)
/ 147 47 ‘o
%,, )y S %, 6;02

1.0&02

VA
O, 0

5.71 Thallium UKAEA-R(18)004
Integro-Differential Validation
2057] (n,g) 2067
1.6 1.60
g
o

0.6

0.62

e

+
+
oy,

TENDL17 total
TENDL17g — — —
TENDL17m — — —
Ba02000.tot N

Hasan1968.tot
Joly1979.tot
Konks1964.tot
Kononov1958.tot
Mughabghab2006.tot
Mughabghab2006A001.tot
Pasechnik1958.tot
Perkin1958.tot
Pomerance1952.tot
Seren1947.tot
Stavisskiil960.tot
Voignier1992.tot

I
|

N

\

! ! I

x

o

ol
§

~

1.0E-02

1.0E-01

1.0E+00

1.0E+01 1.0E+02 1.0E+03 1.0E+04

Energy (eV)

1.0E+05 1.0E+06

UKAEA Page 442 of|531

1.0E+07
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6 Discussion

The experiments considered in this report span several neutron spectra of consider-
ably different physical systems, including a standard spontaneous fission source and
deuteron accelerators producing d-T, d-Be and d-Li reactions. The measurements are
made with a mix of spectroscopic techniques or total heat measurements with the
majority of the data provided as effective cross-sections based on the simulation tools
used at the time of the experiment. Care must be taken when claiming that a reaction
has been ‘validated’, since the detailed structure of a cross-section is not fully probed
(even with multiple experiments using complementary spectra) and a new experiment
using a different spectrum could find discrepant results. Aside from the differences in
experimental design, there is tremendous deviation in the quality of the spectral char-
acterisations, simulation tools used to calculate data (ultimately including the effective
cross section) and reporting of measurement methodologies. Many of the experimental
data are exclusively available within JEFF/EFF-DOCs and have never been published
in peer-reviewed journals. Even for experiments which have found their way to the
peer-reviewed literature, essential details to assess the quality of the measurements are
often missing. For example, the *Nb(n,a)??9Y reported in [89] has no description of
the methodology for identification of that nuclide. The authors of that report have
kindly provided the experimental measurements which have been used to re-analyse
the data, but only the FNS and FNG heat measurements have received this level of
scrutiny in this report.

As the JAEA FNS decay heat measurements have the largest number of high-quality,
comparable data sets, it is illustrative to isolate only these values, as shown in Fig-
ures and While in previous iterations the TENDL values experienced more
fluctuation between releases, the continuity between 2014-2017 is significant. Some
few improvements have been made with detailed re-evaluation of input TALYS pa-
rameters, while some small number of discrepancies persist. Those highlighted in the
figures are the remaining concerns for fusion decay heat analyses — so far as experi-
mental data exist.
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Figure 10: Comparison of all TENDL-2017,-2015,-2014 C/E values for dominant ra-
dionuclide cross sections in FNS decay heat measurements.
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Figure 11: Comparison of all TENDL-2017,-2015,-2014 C/E values for dominant ra-
dionuclide cross sections in FNS decay heat measurements. Values more than one
order of magnitude have been excluded for detail on the remaining values.

The data presented here can however point toward reactions which are less well char-
acterised. Differential data may not be available for some reactions or not available
in the various energy regions which are required. Substantial discrepancy in integral
values may be used to direct the next experimental campaigns and lead to long-term
nuclear data improvement. Whether or not one integral measurement on a relatively
poorly known cross section (for example, many (n,t) or (n,h) reactions) is worthy of
renormalising TALYS outputs is the concern of evaluators. It is the responsibility of
the interested reader to delve into the details of the measurements when considering
any of these reactions and absence from this table should not be considered an implicit
claim that the reaction has been validated.

Whatever limitations exist within the set of experimental data, nuclear simulations
will be carried out using a suitable nuclear data library and comparisons between the
available data sources can provide useful information for analysts. Taking the same set
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of reactions with both TENDL-2017 and the previous EAF-2010 data, the distribution
of C/E values is shown in Figure Note that the z-axis is shown in equal log(C/E)
intervals, which gives a symmetric visualisation of the distribution.

TENDL2017 /=
EAF 2010 ———3
mmmmmmJNWMMﬂmﬂ mm mmmlﬂmmmmmﬂ N m
I e B e I B s B e e Ot B B B I S O S I B B O
O— AN NN~ =TSO TOAT NSO T TOANNORO—=I- DOV OAN—\O0O T OO
STom oo maaaagaa e oo aoannAnaa0n ST CQ
TR IIRIIRIIIIIIITT AR QT TN Y0 QS
Vot d o Wt -t RO TR A MO NTTORANDRDX == OOWMOAN 60D = R
S S Sl daN NI I N O RAS A MR GX —nC MmN MR En T T
CC SO0 OSSO — o — ddadcncdsfnrdesoe T
C/E values

Figure 12: C/E distribution for TENDL-2017 and EAF-2010 given in equal log(C/E)
spacing.

The distributions show a generally similar, but slightly better agreement for TENDL-
2017. The log-mean C/E value,

Log (CTE) = 1 Y~ Log(ci/B). (®)
=1

for TENDL-2017 is 1.046, while the EAF-2010 data yields a surprising 0.850. This
can be intuitively seen in the skewed EAF distribution of C/E values, indicating a
systematic under-prediction for the integral values of this report. The fact that TENDL
provides a more symmetric distribution should not be surprising; the data is derived
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from physical parameters which globally govern the production of reaction information.
In comparison, the asymmetry of EAF belies its methodology, where pathways are
included depending on an evaluator’s judgement. As a result, pathways are missing or
under-represented and result in an overall under-prediction for nuclide production.

Two reactions which has been reportedly measured for the production of isomers are
not included in the TENDL-2017 library: ¥ Ta(n,t)""Hf and 17 Au(n,a)!*4™Ir. The
original reports for these measurements have been checked, which describe measure-
ments of the specific gamma lines which correspond with levels in the RIPL database
[00]. Both reactions additionally has differential EXFOR entries which support the
integral measurement and the inelastic certainly produces this isomer, which should
be present in the library. The tantalum case was previously reported [12], while the
gold reaction channel is due to a error in the MF=9 of the 97 Au file, which is missing
the second entry for the isomer.

Of the remaining seven reactions with C/E less than 0.10, six come from the more
dubious d-Be (n,t) or 252Cf (n,g) reactions. The last comes from the °°Mo(n,a) from
the FZK d-Li experiment, where TENDL shows reasonable agreement with all of the
modern differential data. Of the two cases with C/E greater than 10, one is the
182W (n,a) ™" Hf, where the recent differential experiments support the integral mea-
surement and suggest an over-estimation from TENDL.

Note the TALYS format errors in MF=9 production that were documented in a previous
report [12] have been corrected. The mis-allocation of branching ratios for “2Mo(n,p)
and 1'In(n,g) were isolated errors, but in particular for the 5In case the correction
significantly improves agreement with experiment.

It should be noted that the EAF library was constructed and modified with knowledge
of these integral measurements, which were used as justification for renormalisations
leading to better agreement with the experiments. That TENDL-2017 blindly predicts
these effective cross-sections, using physical parameters, with greater accuracy than a
library tuned by renormalisations is quite remarkable.

When the standard international libraries are used to calculate the effective cross-
sections considered the distribution shows a tremendous lack of data, as depicted in
Figure The most notable difference here is that approximately one third of the
C/FE wvalues are less than 0.1, with a large majority of these being precisely zero due
to missing reactions. This is not unexpected, since these libraries do not contain the
data required for activation-transmutation simulations and should not be relied upon
or trusted for such analysis. However, it is troublesome since it is often claimed that
those libraries are validated for various applications that require these (and many
other) reactions.
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Figure 13: C/E distribution for JENDL-4.0, ENDFB/VIIL.1 and JEFF3.2 in equal

log(C/E) spacing.
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A Pathway analysis

This section contains a summary of all pathway analysis performed using FISPACT-II
and the TENDL-2017 nuclear data library. Brief experimental descriptions and refer-
ences to the original data sources are provided in section [3] The neutron spectra used
in the calculations are displayed in each table caption and all paths which contribute
at least 1% of the total pathway for the target nuclide are shown. Note that this anal-
ysis is required to accurately determine what fraction of the experimental observation
(heat or activity) can be attributed to a specific reaction.

In comparison with the previous EASY/EAF integral data validation reports [8, O,
10}, 1], there are in many cases several reaction pathways available in TENDL which
were not included in EAF. This has allowed corrections for measurements such as
the Feb9 of FZK copper foil irradiation. The EAF validation report included a C/E
of 0.006 for a 99% Co59(n,p) attributed to known Co impurities. TENDL includes
the dominant Cu63(n,pa) pathway at 97.88%. Other additions include (n,0) reactions
which represent reactions above 30 MeV. Note that these specifically do not declare the
pathways responsible and the emitted particles, but only list the parent and residual
nuclides. A large number of pathways become available at these energies and identi-
fying the breakdown becomes a rather dubious process. Instead, when it is determine
that (n,0) reactions are responsible for production of a target nuclide the report re-
frains from selecting an apportionment of sub-paths and leaves the reaction out of the
validation. The (n,0) data can be found in MF=3 MT=5 as a lumped total, while the
yields are found in MF=10 broken down by ejected particle.

A.1 Technische Universitat Dresden data

UKAEA Page 470 of 531



A.1  Technische Universitat Dresden data UKAEA-R(18)004
Integro-Differential Validation

Table 4: TUD (SNEG-13) pathways for V3TilSi (short irra-
diation) using spectrum sneg_1

Pathway (s)

Si28(n,p)Al28
V51 (n,p)Ti51 99.1
V51(n,g)V52 99.3

Table 5: TUD (SNEG-13) pathways for V4Ti4Cr (short ir-
radiation) using spectrum sneg_1

Pathway (s)
Ti46(n,2n)Tid5
V51(n,g)V52 35.3
Cr52(n,p) V52 62.2
Cr53(n,np)V52 1.5

Table 6: TUD (SNEG-13) pathways for V5Ti2Cr (short ir-
radiation) using spectrum sneg_1

Pathway (s) Vi
V51(n,g)V52 50.7
Cr52(n,p)V52 47.9
Ti46(n,p)Sc46 57.4
Ti46(1,p)Sc46m(IT)Sc46 19.6
Tid7(n,np)Sc46 18.1
Ti47(n,d)Sc46 1.5
Tid7(n,np)Sc46m(IT)Sc46 2.9
Tid7(n,p)Scd7 37.1
Ti48(n,np)Sca7 35.4
Ti48(n,d)Sc47 13.9
V50(n,a)Sc47 8.9
V51(n,na)Sc47 4.7
Ti48(n,p)Sc48 12.6
V51(n,a)Sc48 87.4
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Table 7: TUD (SNEG-13) pathways for V5Ti2Cr (long irra-
diation) using spectrum sneg_1

Pathway (s) %
V51 (1,g) V52 50.7
Cr52(n,p)V52 47.9
Ti46(n,p)Scd6 57.2
Ti46(n,p)Sc46m(IT)Sc46 19.9
Ti47(n,np)Sc46 18.0
Ti47(n,d)Sc46 1.5
Ti47(n,np)Sc46m(IT)Sc46 3.0
Ti47(1,p)ScAT 37.2
Ti48(n,np)Sc47 35.4
Ti48(n,d)ScA7 13.9
V50(n,a)Scd7 8.9
V51(n,na)Sca7 4.7
Ti48(1,p)Sc4s 12.6
V51(n,a)Sc48 87.9

Table 8: TUD (SNEG-13) pathways for V5Ti2Cr (long irra-
diation) using spectrum sneg_2

Pathway (s)

V51(n,g)V52

Cr52(n,p)V52 51.3
Ti46(n,p)Sc46 62.5
Ti46(1,p)Sc46m(IT)Sc46 22.3
Tid7(n,np)Sc46 12.2
Ti47(n,np)Sc46m (IT)Sc46 1.6
Ti47(1,p)ScA7 56.9
Ti48(n,np)Sc47 18.0
Ti48(n,d)ScA7 12.9
V50(n,a)Scd7? 12.1
Ti48(n,p)Sc48 13.9
V51(1,2)Sc48 86.7
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Table 9: TUD (SNEG-13) pathways for Li4SiO4 using spec-
trum sneg_1

Pathway(s)

Al27(n,p)Mg27 .
Si30(n,a)Mg27 96.4
Si28(n,p) A28 99.4
Si29(n,p)Al29 97.7

Table 10: TUD (SNEG-13) pathways for SiC using spectrum
sneg_1

Product Pathway (s)

Al27(n,p)Mg27 .
Si30(n,a)Mg27 92.7
Si28(n,p)A128 99.4
Si29(n,p)Al29 97.9

Table 11: TUD (SNEG-13) pathways for Eurofer97 (short
irradiation) using spectrum sneg_1

Pathway (s) Vi
Fe56(n,p)Mn56 99.4
Cr52(n,2n)Cr51 87.9
Fe54(n,a)Cr51 12.0
Mn55(n,2n)Mn54 21.8
Fe54(n,p)Mn54 78.2
Ti48(n,p)Sc48 5.1
V51(n,a)Sc48 94.9
Al27(n,a)Na24 100.0
Si28(m,p)A128 99.2
V51(n,p)Ti51 67.3
Cr54(n,a) Ti51 32.6
Cr52(n,p)V52 95.1
Cr53(n,np) V52 2.3
Mn55(n,a)V52 1.9
Cr53(n,p)V53 98.6
Fe57(n,p)Mn57 98.7
Feb4(n,2n)Feb3 100.0
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Table 12: TUD (SNEG-13) pathways for Eurofer97 using
spectrum sneg_1

Pathway (s) Vi
Fe56(n,p)Mn56 98.8
Cr52(n,2n)Cr51 88.0
Fe54(n,a)Crb51 12.0
Mnb5(n,2n)Mnb4 21.8
Fe54(n,p)Mnb4 78.2
Tid8(n,p)Sc48 5.1
V51(n,a)Sc48 95.0
Al27(n,a)Na24 100.0
Si28(n,p)Al28 99.6
V51(n,p)Ti51 67.3
Cr54(n,a)Tib1 32.7
Cr52(n,p)V52 95.3
Cr53(n,np) V52 2.3
Mn55(n,a)V52 1.9
Cr53(n,p)V53 99.2
Fe57(n,p)Mn57 99.4
Fe54(n,2n)Feb3 100.0

Table 13: TUD (SNEG-13) pathways for Eurofer97 using
spectrum sneg_2

Pathway (s) Vi
Fe56(n,p)Mn56 99.0
Cr52(n,2n)Crb1 85.4
Feb54(n,a)Crb1 14.6
Mn55(n,2n)Mnb4 18.7
Fe54(n,p)Mn5b4 81.3
Tid8(n,p)Sc48 5.7
V51(n,a)Sc48 94.5
Al27(n,a)Na24 100.0
Si28(n,p)Al28 99.8
V51(n,p) Ti51 69.3
Cr54(n,a)Tib1 30.7
Cr52(n,p)V52 97.0
Mn55(n,a) V52 1.8
Cr53(n,p)V53 99.8
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Product

Pathway (s)
Fe57(n,p)Mn57
Fe54(n,2n)Feb3 100.0

Table 14: TUD (SNEG-13) pathways for SS316 using spec-
trum sneg_1

Pathway (s) Vi

Co59(n,p)Feb9 26.2
Ni62(n,a)Fe59 72.5
Ni58(n,np)Co57 96.0
Ni58(n,d)Co57 2.8

Ni58(n,p)Cob8 59.2
Ni58(n,p)Co58m(IT)Cob58 37.9
Ni60(n,p)Co60m(IT)Co60 55.4
Ni60(n,p)Co60 42.7
Ni58(n,20)Ni57 100.0
Mo092(n,a)Zr89 75.0
Mo92(n,a)Zr89m(IT)Zr89 25.2
Mo95(,p)Nb95 73
Mo96(n,np)Nb95 8.8

Mo96(n,d)Nb95 11.6
Mo96(,p)Nb96 91.9
Mo97(n,np)Nb96 3.8

Mo097(n,d)Nb96 4.6

Mo100(n,20)Mo99 100.0

Table 15: TUD (SNEG-13) pathways for F82H using spec-
trum sneg_1

Pathway (s)
Al27(n,a)Na24 99.9
V51(n,a)Sc48 98.7
Cr52(n,2n)Cr51 85.8
Fe54(n,a)Cr51 14.2
Mn55(n,2n)Mn54 8.0

Fe54(n,p)Mn54 92.0
Fe56(n,p)Mn56 99.5
W182(n,p)Tal82 18.6
W182(n,p)Tal82m(IT) Tals2 41.3
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Product Pathway (s)

W182(n,p)Tal82n(IT) Tal82m(IT)Tal82 .
W183(n,d) Tal82 1.8
W183(1,p) Tal83 7883
W184(n,np)Tal83 2.6
W184(n,d)Tal83 6.4
W186(n,a)Hf183(b-)Tal83 12.2
W186(n,g)W187 100.0

Table 16: TUD pathways for yttrium using spectrum tud_Y

Product Pathway (s)
Y89(n,2n) Y88
Y89(n,g)Y90m 100.0

Table 17: TUD pathways for CuCrZr using spectrum
tud_CuCrZr

Product Pathway (s)

Cr52(n,2n)Cr51

Cu63(n,a)Co60m(IT)Cob0 52.0
Cu63(n,a)Co60 48.0
Cu65(n,na)Cob1 100.0
Cu65(n,a)Co62m 99.7
Cu65(1,p)Ni65 100.0
Cu63(n,2n)Cu62 99.2
Cu65(n,2n)Cub4 99.7
Zr90(n,2n)7Zr89 83.2
Zr90(n,2n)Zr89m(IT)Zr89 16.9

Table 18: TUD pathways for lead using spectrum tud_Pb

Pathway(s)

Pb206(n,a)Hg203 96.3
Pb207(n,na)Hg203 3.7

Pb204(n,2n)Pb203m (IT)Pb203 51.8
Pb204(n,2n)Ph203 46.9
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Product Pathway (s)
Pb204(n,n)Pb204m

Pb208(n,p)T1208

96.9

Table 19: TUD pathways for erbium using spectrum tud_Er

Pathway (s)
Er162(n,2n)Er161

Er167(n,p)Hol67 81.7
Er168(n,np)Hol67 1.6
Er168(n,d)Hol67 42
Er170(n,a)Dy167(b-)Hol67 12.9
Er168(n,p)Ho168 46.5
Er168(n,p)Hol168m(IT)Ho168 43.6
Er170(n,p)Hol70 96.0
Er164(n,2n)Erl63 99.9
Er170(n,np)Hol169 10.7
Er170(n,d)Ho169 80.2
Er166(n,p)Ho166 97.0
Erl67(n,d)Hol66 2.2

Table 20: TUD pathways for tantalum using spectrum
tud_Ta

Pathway(s)
Tal81(n,a)Lul78m

Tal81(n,np)Hf180m 37.0
Tal81(n,d)Hf180m 62.3
TalS1(n,p)HII81 100.0
TalS1(n,2n)Tals0 100.0
Tal81(n,g)Tals2 61.9
Tal81(n,g)Tal82m(IT)Tal82 37.7
Tal81(n,g)Tal82n 97.4
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A.2 Forschungzentrum Karlsruhe data

Table 21: FZK pathways for V3TilSi using spectrum fzk_1

Pathway (s) Vi
Ti46(n,p)Sc46 62.4
Ti46(n,p)Sc46m(IT)Sc46 28.9
Ti47(n,np)Sc46 6.3
Ti47(n,p)Scd7 26.2
Ti48(n,np)Sc47 17.0
Ti48(n,d)Sca7 3.6
V50(n,a)Scd7 3.8
V51(n,na)Sc47 49.3
Cr52(n,2n)Crb1 46.9
Fe54(n,a)Cr51 52.9
Fe54(n,p)Mn54 98.8
Ni58(n,np)Co57 95.1
Ni58(n,d)Cob7 2.9
Ni58(1,20)Ni57(b+)Co57 1.9
Ni58(1,p) Co58 66.0
Ni58(n,p)Co58m(IT)Cob8 34.1
Ni60(n,p)Co60m(IT)Co60 63.3
Ni60(1,p) Co60 35.9
Z194(n,g) Z195 5.2
Zr96(n,2n)Zr95 94.1
Nb93(n,2n)Nb92m 78.1
Mo92(n,p)Nb92m 21.9
Zr96(n,2n)Zr95(b-)Nb95 25.7
Mo95(n,p)Nb95 52.7
Mo95(1,p)Nb95m(IT)Nb95 2.4
Mo96(n,np)Nb95 9.0
Mo96(1,d)Nb95 7.6

Table 22: FZK pathways for V5Ti2Cr using spectrum fzk_2

Pathway (s)
Ti46(n,p)Sc46 62.5
Ti46(1,p)Sc46m(IT)Sc46 28.9
Tid7(n,np)Sc46 6.4

Cr52(n,2n)Cr51 99.6
Mnb55(n,2n)Mnb4 4.2

Fe54(n,p)Mn54 95.6
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Product Pathway (s)
Ni58(n,np)Cob7

Ni58(n,d)Co57 2.9
Ni58(n,20)Ni57(b+)Co57 2.0
Ni58(1,p) Co58 66.0
Ni58(n,p)Co58m(IT)Co58 34.1
Ni60(n,p)Co60m(IT)Co60 63.3
Ni60 (1, p) Co60 35.9

Table 23: FZK pathways for Eurofer-97 using spectrum fzk_2

Pathway (s) Vi
Tid6(n,p)Sc46 61.4
Ti46(1,p)Sc46m(IT)Sc46 28.4
Tid7(n,np)Sc46 6.3
Tid7(n,p)Scd7 19.1
Ti48(1,np)ScA7 12.5
Ti48(n,d)Sc47 2.6
V50(n,a)Scd7? 4.6
V51(n,na)Sc47 61.1
Cr50(m,t) V43 100.0
Cr52(n,2n)Cr51 76.7
Fe54(n,a)Crb1 23.0
Fe54(n,t)Mnb2 97.7
Fe54(n,t)Mn52m (IT)Mn52 2.3
Mnb55(n,2n)Mnb4 3.4
Fe54(n,p)Mnb4 96.5
Feb58(n,g)Feb9 74.5
Co59(n,p)Feb9 24.8
Ni58(n,np)Co57 95.6
Ni58(n,d)Co57 3.0
Co59(n,2n)Cob8m(IT)Cob58 5.9
Co59(n,2n)Cob8 5.0
Ni58(n,p)Co58 61.2
Ni58(n,p)Co58m(IT)Cob58 28.0
Co059(n,g)Co60m(IT)Co60 5.1
Co59(n,g)Co60 4.2
Ni60(n,p)Co60m(IT)Co60 49.6
Ni60(n,p)Co60 28.2
Cu63(n,a)Co60m(IT)Co60 7.3
Cu63(n,a)Co60 5.0
Nb93(n,2n)Nb92m 95.0

UKAEA Page 479 of



A.2 Forschungzentrum Karlsruhe data

UKAEA-R(18)004
Integro-Differential Validation

Product Pathway (s)

Mo92(n,p)Nb92m .
TalS1(n,p)HIl81 61.3
W184(n,a)Hf181 38.7
Tal81(n,g)Tal82 57.9
Tal81(n,g)Tal82m(IT)Tals2 36.6
W182(n,p)Tal82 2.0
W182(n,p)Tal82m(IT) Tal82 1.8
W183(n,p) Tals3 62.9
W184(n,np)Tal83 10.5
W184(n,d)Tal83 13.7
W186(n,a)HF183(b-)Tal83 12.8
W182(m,2n) W18l 96.0
W183(n,3n)W181 3.9
W184(n,g)W185 438
W186(n,2n)W185 59.4
W186(n,2n) W185m(IT)W185 35.5

Table 24: FZK pathways for nickel using spectrum fzk 2 (1

of 2)
Pathway (s) Vi
Ni60(n,2p)Fe59 3.6
Ni62(n,a)Fe59 96.4
Ni58(1,t) Cob6 100.0
Ni58(n,np)Co57 96.9
Ni58(n,d)Cob7 3.0
Ni58(n,p)Cob8 95.4
Ni58(n,p)Co58m(IT)Cob8 4.6
Ni60(n,p)Co60m(IT)Co60 60.4
Ni60(1,p)Co60 38.9
Ni61(n,p)Co61 67.5
Ni62(n,np)Cob1 24.4
Ni62(n,d)Co61 5.9
Ni64(n,a)Fe61(b-)Cob61 1.9
Ni58(n,2n)Ni57 100.0
Ni64(n,g)Ni65 99.9
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Table 25: FZK pathways for copper using spectrum fzk 2 (1
of 2)

Pathway (s)
Cu63(n,pa)Fe59

Co59(n,2n)Cob8m 40.0
Ni58(n,p)Co58m 60.0
Cu63(n,a)Co60m(IT)Co60 56.0
Cu63(n,a)Co60 44.0
Cu65(n,na)Cob1 99.1
Cu65(n,p)Ni65 99.9
Cub63(n,g)Cub4 7.7

Cu65(n,2n)Cub4 92.3

Table 26: FZK pathways for tungsten using spectrum fzk_2
(1of2)

Pathway(s)

Hf180(n,n)Hf180m .
W183(n,a)Hf180m 72.3
W184(n,na)Hf180m 26.1
W186(n,na)Hf182m 99.6
W186(n,a)HI183 99.6
W182(n,p)Tal82m 72.9
W182(n,p)Tal82n(IT)Tal82m 10.5
W183(n,np)Tal82m 6.8
W183(n,d)Tal82m 5.5
W184(n,t)Tal82m 2.3
W184(n,p) Tal84 96.5
W186(n,t) Tal84 3.5
W186(n,np)Tal85 40.3
W186(n,d)Tal85 59.2
W186(n,p)Tal86 99.8
W180(1,2n)W179m 100.0
W186(n,5)W1S7 100.0
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Table 27: FZK pathways for tungsten using spectrum fzk 2
(2 of 2)

Pathway (s)

W182(n,a)Hf179n

W183(n,na)Hf179n 4.7
W184(m,a) LS 100.0
W180(1,3n)W178(b+)Tal7s 97.7
W180(n,t)Tal78 2.3
W182(n,p) Tals2 414
W182(n,p)Tal82m(IT)Tal82 36.6
W182(n,p)Tal82n(IT) Tal82m(IT) Tal82 5.2
W183(n,np)Tal82 3.6
W183(n,d)Tal82 3.3
W183(n,np)Tal82m(IT)Tal82 3.4
W183(n,d)Tal82m(IT)Tals2 2.7
W183(n,p)Tal83 62.9
W184(n,np)Tals3 10.5
W184(n,d)Tal83 13.7
W186(n,a)Hf183(b-)Tal83 12.8
W182(m,2n)W181 96.0
W183(n,3n)W181 3.9
W184(n,g)W185 4.8
W186(n,20)W185 59.4
W186(n,2n)W185m(IT)W185 35.5

Table 28: FZK pathways for Li4SO4 using spectrum fzk_1

Pathway (s) %

A127(n,p)Mg27 31.0
Si30(n,a)Mg27 68.1
Si29(n,2p)Mg28 99.5
Si28(1,p)Al28 99.7
Si29(n,p)Al29 97.6
Si30(n,np)Al29 1.7

Na23(n,2n)Na22 99.9
Mg24(n,p)Na24 3.6

Al27(n,a)Na24 95.7
Cad8(n,2n)Cad7 58.5
Ti50(n,a)Cad? 41.2
Ti46(1,p)Sc46 62.7
Ti46(n,p)Sc46m(IT)Sc46 29.0
Ti47(n,np)Sc46 6.4
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Product Pathway (s)

Ti47(n,p)Scd7

Ti48(n,np)Scd7 36.2
Ti48(n,d)ScA7 7.6
Ti48(1,p)Sc4s 98.9
Cr52(n,2n)Crb1 57.1
Feb4(n,a)Crb1 42.7
Mnb55(n,2n)Mnb4 114
Fe54(n,p)Mnb4 88.4
Zr90(n,2n)Zr89 82.1
Zr90(n,2n)Zr89m(IT)Zr89 17.9

Table 29: FZK pathways for SS-316 using spectrum fzk_ss316

Pathway (s) Vi
Ti48(n,p)Sc48 52.2
Ti49(n,np)Sc48 2.5
Cr52(n,pa)Sc48 19.6
Cr52(n,0)Sc48 20.8
Cr50(n,nd) V48 6.0
Cr50(n,2np) V48 21.8
Cr50(n,t) V48 5.3
Cr50(n,0)V48 63.3
Cr52(n,0)V48 2.3
Cr50(n,3n)Cr48 20.3
Cr50(n,0)Cr48 77.3
Fe54(n,0)Cr48 2.1
Cr50(n,2n)Cr49 84.9
Cr50(n,0)Cr49 8.4
Cr52(n,0)Cr49 3.5
Fe54(n,0)Cr49 2.7
Cr52(n,2n)Crb1 89.3
Cr52(n,0)Cr51 3.5
Feb4(n, a) Crb1 4.2
Mn55(n,0)Mn52 2.8
Fe54(n,0)Mn52 60.5
Fe54(n,nd)Mn52 4.6
Fe54(n,2np)Mnb2 22.3
Fe54(n,t)Mnb2 6.1
Fe56(n,0)Mn52 1.8
Mnb55(n,2n)Mnb4 22.2
Fe54(n,p)Mnb4 39.8
Fe56(n,nd)Mnb4 2.3
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Product Pathway (s) Vi
Fe56(n,2np)Mnb4 9.5
Fe56(n,t)Mnb4 2.1
Fe56(n,0)Mn54 20.9
Ni58(n,pa)Mn54 1.9
Fe56(n,p)Mn56 94.9
Fe56(n,0)Mn56 2.7
Fe57(n,np)Mn56 1.7
Feb54(n,0)Feb2 78.3
Fe54(n,3n)Feb2 204
Feb8(n,g)Fesd 3.0
Co59(n,p)Feb9 8.4
Ni60(n,2p)Fe59 39.6
Ni60(n,0)Fe59 5.7
Ni62(n,a)Fe59 38.5
Ni58(n,nt)Cob55 3.8
Ni58(1,0)Co55 96.2
Ni58(n,nd)Co56 6.1
Ni58(n,2np)Cob6 37.9
Ni58(n,t)Co56 3.0
Ni58(1,0)Co56 52.9
Ni58(n,np)Cob7 91.7
Ni58(n,d)Cob7 4.3
Ni58(1,0)Co57 3.7
Ni58(n,p)Co58 92.4
Ni58(n,p)Co58m(IT)Cob8 4.9
Ni60(n,p)Co60m(IT)Co60 52.6
Ni60(1,p)Co60 38.9
Ni61(n,np)Co60 2.3
Ni61(n,np)Co60m(IT)Co60 1.6
Ni61(n,p)Co61 19.8
Ni62(n,np)Co61 54.2
Ni62(n,d)Co61 11.7
Ni62(n,0)Co61 10.4
Ni58(n,30)Ni56 354
Ni58(n,0)Ni56 64.6
Ni58(1,20)Ni57 93.1
Ni58(n,0)Ni57 6.9
Mo092(n,0)Y87m 47.3
Mo92(n,npa)Y87m 2.2
Mo092(n,0)Zr87(b+)Y87m 47.6
Mo92(n,0)Zr87m(IT)Zr87(b+)YS87m 1.7
Mo92(11,0) Y87 712
Mo92(n,npa)Y87 5.7
Mo092(n,0)YS7m(IT) Y87 10.6
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Product Pathway (s) Vi
Mo92(n,0)Z187(b-+)YSTm(IT) Y87 7.5
Nb93(n,0) Y88 17
Mo92(n,pa)Y88 78.3
Mo092(n,0)Y88 16.4
Mo92(n,0)Zr86 100.0
Mo92(n,na)Zr88 84.9
Mo092(n,0)Zr88 14.8
Mo092(n,0)Zr89 6.9
Mo092(n,a)Zr89 67.8
Mo092(n,a)Zr89m(IT)Zr89 18.0
Mo092(n,0)Nb89(b+)Zr89 2.2
Mo094(n,0)Zr89 2.0
Mo100(n,a)Zr97 95.8
Mo100(n,0)Zr97 4.1
M092(n,0)Nb90 30.4
Mo092(n,nd)Nb90 2.4
Mo92(n,20p)Nb90 28.5
Mo092(n,t)Nb90 3.0
M092(11,0)Nb90m(IT)Nb90 13.0
Mo092(n,2np)Nb90m (IT)Nb90 8.2
Mo092(n,t)Nb90m(IT)Nb90 1.7
M092(11,0)Mo90(b-+)Nb90 1.9
Nb93(n,2n)Nb92m 4.2
Mo92(n,p)Nb92m 83.0
Mo094(n,0)Nb92m 3.6
Mo94(n,2np)Nb92m 3.3
Mo095(n,0)Nb92m 3.1
Mo95(n,0)Nb95 1.8
Mo095(n,p)Nb95 314
Mo096(n,0)Nb95 8.4
Mo96(n,np)Nb95 30.0
Mo96(n,d)Nb95 15.3
Mo97(n,0)Nb95 3.7
Mo97(n,2np)Nb95 1.7
Mo97(n,t)Nb95 1.5
Mo98(1n,0)Nb95 4.4
Mo095(n,0)Nb95m 2.0
Mo95(n,p)Nb95m 47.0
Mo96(1,0)Nb95m 5.7
Mo96(n,np)Nb95m 21.3
Mo96(n,d)Nb95m 17.0
Mo97(n,0)Nb95m 2.2
Mo98(n,0)Nb95m 1.6
Mo92(11,31) Mo90 29.0
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Product Pathway (s)
Mo092(n,0)Mo90
Mo094(n,0)Mo93m 2.6
Mo094(n,2n)Mo93m 33.1
Mo095(n,0)Mo93m 14.2
(
(

Mo95(n,3n)Mo93m 41.2
Mo096(n,0)Mo93m 7.8
Mo98(n,g)Mo099 4.2
Mo100(n,2n)Mo99 92.6
Mo100(n,0)Mo99 1.6
Mo098(n,g)Mo99(b-)Tc99m 4.2
Mo100(n,2n)Mo99(b-) Tc99m 92.8
Mo0100(n,0)Mo99(b-)Tc99m 1.6

Table 30: FZK pathways for F82H using spectrum fzk_ss316

Pathway (s) Y
Ti46(n,p)Sc46 8.4
Ti46(n,p)Sc46m(IT)Sc46 3.5
Tid7(n,np)Sc46 4.2
Ti48(1,0)Sc46 3.3
V51(n,0)Sc46 22.4
V51(n,0)Sc46m(IT)Sc46 3.7
Cr50(n,0)Sc46 9.7
Cr50(n,pa)Sc46 16.9
Ti47(1,p)ScA7 1.7
Ti48(n,np)Sca7 9.8
Ti48(n,d)Sc47 1.7
V51(n,na)Scd7 40.7
V51(n,0)Sc47 7.7
Cr52(n,0)Scd7 35.7
Ti48(1,p)Sc4s 81
V51(n,a)Sc48 46.2
V51(1,0)Sc48 1.8
Cr52(n,pa)Sc48 20.1
Cr52(n,0)Sc48 21.3
V51(1,0) V48 2.7
Cr50(n,nd) V48 5.7
Cr50(n,2np) V48 20.7
Cr50(n,t)V48 5.0
Cr50(n,0) V48 59.9
Cr52(n,0)V48 2.1
Fe54(n,0)V48 3.7
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Product Pathway (s) Vi
Cr50(n,3n)Cr48 19.5
Cr50(n,0)Cr48 74.0
Fe54(n,0)Cr48 6.2
Cr50(n,2n)Cr49 80.2
Cr50(n,0)Cr49 7.9
Cr52(n,0)Cr49 3.3
Fe54(n,0)Cr49 8.0
Cr52(n,2n)Cr51 79.8
Cr52(n,0)Cr51 3.1
Feb4(n,a)Crb1 11.9
Fe56(n,0)Crb1 3.1
Fe54(n,0)Mn52 63.0
Feb4(n,nd)Mn52 4.8
Fe54(n,2np)Mnb2 23.2
Fe54(n,t)Mnb2 6.4
Fe56(n,0)Mn52 1.8
Mn55(n,2n)Mn54 1.9
Fe54(n,p)Mn54 52.1
Fe56(n,nd)Mnb54 3.0
Fe56(n,2np)Mnb4 12.5
Fe56(n,t)Mnb4 2.8
Fe56(n,0)Mnb4 27.3
Fe56(n,p)Mn56 95.1
Fe56(n,0)Mn56 2.7
Fe57(n,np)Mn56 1.7
Feb4(n,0)Feb2 79.3
Fe54(n,3n)Fe52 20.7
Ni58(n,nd)Co56 6.0
Ni58(n,2np)Co56 37.4
Ni58(1,t)Co56 3.0
Ni58(1,0)Co56 52.1
Co059(n,3n)Cob7 2.1
Ni58(n,np)Co57 88.7
Ni58(n,d)Co57 41
Ni58(1,0)Co57 3.5
Co59(n,2n)Cob8 17.3
Co059(n,2n)Co58m (IT)Co58 2.2
Ni58(n,p)Cob8 73.7
Ni58(n,p) Cos8m(IT)Co58 3.9
Co59(n,g)Co60m(IT)Co60 2.5
Co59(n,g)Co60 2.3
Ni60(1,p) Co60m (IT)Co60 37.0
Ni60(n,p)Co60 27.3
Ni61(n,np)Co60 1.6
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Product Pathway (s)

fzk_ss316

Cu63(n,a)Co60m(IT)Co60
Cu63(n,a)Co60 10.8
Ni58(1,20)Ni57 93.1
Ni58(n,0)Ni57 6.9
W183(n,p)Tals3 23.5
W183(n,0)Tal83 2.6
W184(n,np)Tal83 29.3
W184(n,d)Tal83 14.4
W184(n,0)Tal83 18.3
W186(n,0)Tal83 5.9
W186(n,a)Hf183(b-) Tal83 4.2
W184(n,p)Tals4 53.3
W184(n,0)Tal84 7.3
W186(n,nd)Tal84 3.3
W186(n,2np)Tal84 4.6
W186(n,t)Tal84 7.6
W186(n,0)Tal84 23.8
W186(n,g)W187 100.0
Table 31: FZK pathways for vanadium using spectrum
Pathway (s) Y
V51(n,pa)Cad7 55.2
V51(n,0)Cad7 44.8
V51(1,0)Sc46 81.6
V51(n,2na)Sc46 3.0
V51(n,0)Sc46m(IT)Sc46 13.3
V51 (n,na)Scd7 83.7
V51(n,0)Sc47 15.9
V51(n,a)Sc48 96.3
V51(n,0)Sc48 3.7
V50(n,3n)V48 2.9
V50(n,0) V48 2.3
V51(n,0)V48 94.8
Nb93(n,0)Nb92m 2.2
Nb93(n,2n)Nb92m 92.5
Mo92(n,p)Nb92m 4.6
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Table 32: FZK pathways for vanadium alloy using spectrum

fzk_ss316

Pathway (s) Vi
Ti48(n,2p)Cad7? 11.9
Ti48(n,0)Cad? 24.8
Ti50(n,a)Cad7 24.6
V51(n,pa)Cad7 20.0
V51(n,0)Cad? 16.2
Ti46(n,nt)Sc43 5.2
Ti46(n,0)Sc43 92.8
Ti47(n,0)Sc43 1.8
Ti46(n,0)Sca4 53.3
Ti46(n,nd)Sc44 4.2
Ti46(n,2np)Scdd 10.0
Ti46(n,t)Scdd 21.9
Ti47(n,0)Scd4 5.9
V51(n,0)Sc44 1.9
Ti46(n,0)Sc44m 57.0
Ti46(n,nd)Sc44m 4.2
Ti46(n,2np)Sc44m 13.0
Ti46(n,t)Sc44m 13.0
Tid7(n,0)Sc44m 6.6
Ti48(n,0)Sc44m 1.6
V51(n,0)Sc44m 3.6
Ti46(n,p)Sc46 13.3
Ti46(n,p)Sc46m(IT)Sc46 5.5
Tid7(n,np)Sc46 6.6
Ti48(1,0)Sc46 5.2
V51(n,0)Sc46 49.9
V51(n,2na)Sc46 1.8
V51(n,0)Sc46m(IT)Sc46 8.1
Tid7(n,p)Scd7? 2.0
Ti48(n,np)Sc47 11.8
Ti48(n,d)Sc47 2.0
V51(n,na)Sc47 69.0
V51(1,0)ScA7 13.1
Ti48(n,p)Sc48 10.6
V51(n,a)Sc48 84.9
V51(1,0)Sc48 3.3
V50(n,3n)V48 2.8
V50(1,0)V48 2.3
V51(1,0)V48 92.1
Cr50(n,0)V48 1.8
Cr50(n,2n)Cr49 87.2
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Product Pathway (s)

Cr50(n,0)Cr49 .
Cr52(n,0)Cr49 3.6
Cr52(n,2n)Crb51 94.6
Cr52(n,0)Crb51 3.7
Fe54(n,0)Mnb52 63.1
Feb54(n,nd)Mnb2 4.8
Fe54(n,2np)Mn52 23.2
Feb4(n,t)Mnb2 6.4
Fe56(n,0)Mn52 1.8
Nb93(n,0)Nb92m 2.3
Nb93(n,2n)Nb92m 95.2
Mo92(n,p)Nb92m 2.2
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A.3 Frascati Neutron Generator data

Table 33: FNG pathways for V4CrdTi using spectrum

fng_vanad
Product Pathway (s) Vi

Al27(n,a)Na24 100.0
Ti50(n,2)Cad? 100.0
Ti46(n,p)Scd6 58.8
Ti46(n,p)Sc46m(IT)Sc46 20.9
Ti47(n,np)Sc46 16.0
Tid7(n,np)Sc46m(IT)Sc46 2.5
Ti47(1,p)ScA7 L1
Ti48(n,np)Sc47 30.4
Ti48(n,d)Sc47 12.9
V50(n,a)Sc47 11.3
V51(n,na)Sc47 4.6
Ti48(n,p)Sc48 10.8
V51(1,2)Sc48 80.8
Cr50(n,2n)Cr49 100.0
V51(n,p)Ti51 99.9
V51(n,g)V52 97.0
Cr52(n,p)V52 2.9
Cr50(m,g)Cr51 3.7
Cr52(n,2n)Crb51 96.4
Fe54(n,p)Mn54 99.8
Fe56(n,p)Mnb6 100.0
Ni58(n,np)Co57 97.0
Ni58(n,d)Cob7 2.7
Ni58(1,p)Co58 833
Ni58(n,p)Co58m(IT)Cob58 14.5
Ni60(n,p)Co60m(IT)Co60 17.1
Ni60(n,p)Co60 13.5
Cu63(n,a)Co60m(IT)Co60 35.9
Cu63(n,a)Co60 33.2
Nb93(n,2n)Nb92m 88.8
Mo92(n,p)Nb92m 11.3
Mo95(,p)Nb05 80.3
Mo96(n,np)Nb95 8.0
Mo96(n,d)Nb95 11.0
Mo098(n,g)Mo99(b-)Tc99m 3.9
Mo100(n,2n)Mo99(b-) Tc99m 87.4
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Table 34: FNG pathways for F82H using spectrum fng F82H

Pathway (s) Vi
Al27(n,a)Na24 100.0
Ti48(1,p)Sc4s 18
V51(n,a)Sc48 98.2
Cr52(n,2n)Crb51 84.0
Fe54(n,a)Cr51 15.3
Mn55(n,2n)Mn54 7.1
Fe54(n,p)Mn54 92.9
Fe56(n,p)Mn56 99.0
Ni58(1,20)Ni57 100.0
Fe58(n,g)Feb9 88.0
Co59(n,p)Feb9 11.1
Ni58(n,np)Co57 97.1
Ni58(n,d)Co57 2.7
Co059(n,2n)Cob8 33.2
Co059(n,2n)Co58m (IT)Co58 9.1
Ni58(n,p)Co58 49.3
Ni58(n,p)Co58m(IT)Cob8 8.5
Co59(n,g)Co60m(IT)Co60 30.7
Co59(n,g)Co60 19.6
Ni60(n,p)Co60m(IT)Co60 22.4
Ni60(1,p)Co60 17.6
Cu63(n,a)Co60m(IT)Co60 4.8
Cu63(n,a)Co60 4.4
TalS1(n,g)Tals2 147
Tal81(n,g)Tal82m(IT)Tal82 26.1
W182(n,p)Tal82 14.5
W182(n,p)Tal82m(IT) Tal82 12.2
W183(n,p)Tals3 832
W184(n,np)Tal83 2.2
W184(n,d)Tal83 5.6
W186(n,a)Hf183(b-)Tal83 9.1
W184(n,p)Tal84 99.6
W186(n,g)W1s7 100.0

Table 35: FNG pathways for Eurofer-97 using spectrum
fng_eurofer

Product Pathway (s)
Cr50(n,g)Cr51

Cr52(n,2n)Cr51
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Product Pathway (s) Vi
Fe54(n,a)Crb51 12.3
Mn55(n,2n)Mn54 19.6
Feb54(n,p)Mn54 80.4
Fe58(n,g)Feb9 95.5
Co59(n,p)Feb9 4.2
Ni58(n,np)Co57 97.0
Ni58(n,d)Co57 2.7
Co59(n,2n)Cob8 37.3
Co059(n,2n)Co58m (IT)Co58 10.7
Ni58(n,p)Cob8 44.3
Ni58(n,p)CosSm(IT)Co58 7.8
Co059(n,g)Co60m(IT)Co60 52.8
Co59(n,g)Co60 33.5
Ni60(n,p)Co60m(IT)Co60 6.8
Ni60(n,p)Co60 5.3
Tal81(n,g)Tal82 62.7
Tal81(n,g)Tal82m(IT)Tals2 36.5
W182(n,2n)W181 98.7

Table 36: FNG pathways for silicon carbide using spectrum
fng _SiC

Pathway(s)

Si30(n,a)Mg27
Si28(n,p)Al28 99.7
Si29(n,p)Al29 99.0

Table 37: FNG pathways for niobium using spectrum fng_SiC

Product

Pathway (s)
Nb93(n,2n)Nb92m 100.0
Nb93(11,2)Y90m 100.0
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Table 38: FNG pathways for yttrium using spectrum fng_Y

Pathway(s)

Y89(n,2n) Y88
Y89(n,g)YI0m 96.6
Zr90(n,p)Y90m 4.5
Zr90(n,2n)Zr89 85.0
Zr90(n,2n)Zr89m(IT)Zr89 15.0
Y89(n,a)Rb86 69.5
Y89(n,a)Rb86m (IT)Rb86 30.5
Tal81(n,2n)Tal80 100.0
Y89(n,n)Y89m 100.0
Y89(n,a)Rb86m 100.0

Table 39: FNG pathways for tungsten (1 of 2) using spectrum

fng tung
Pathway (s) Y
W184(n,a)Hf181 100.0
W186(n,a)Hf183 99.8
W182(n,p)Tal82 49.8
W182(n,p)Tal82m(IT)Tal82 42.1
W182(n,p)Tal82n(IT)Tal82m(IT)Tal’2 3.0
W183(n,d)Tal82 1.7
W184(n,p)Tal84 99.6
W186(n,np)Tal8s 17.6
W186(n,d)Tal85 82.2
W186(n,p)Tal86 99.3
W182(n,2n) W18l 98.6
W184(n,g)W185 4.7
W186(n,2n)W185 57.6
W186(n,2n)W185m(IT)W185 37.7
W186(n,2n)W185m 99.9
W186(n,g)W187 100.0

Table 40: FNG pathways for tungsten (2 of 2) using spectrum

fng_tung

Product Pathway (s) %

W184(n,a)Hf181 100.0
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Product Pathway (s) Vi
W186(n,a)Hf183 100.0
W182(n,p)Tals2 19.4
WlSZ(n,p)TalSQm(IT)TalSQ 41.7
W182(n,p)Tal82n(IT)Tal82m(IT) Tal82 3.8
W183(n,d)Tals2 1.7
W184(n,p)Tal84 99.8
W186(1,np) Tal8h 17.6
W186(n,d)Tal85 82.4
W186(n,p) Tals6 99.8
W182(m,2n)W181 98.6
W1s4(n,g)W1s5 16
W186(n,2n)W185 57.2
W186(n,2n)W185m(IT)W185 38.1
W186(n,2n)W1shm 99.9
W186(n,g)W1s7 100.0

Table 41: FNG pathways for chromium using spectrum
fng Cr

Product Pathway (s)
Cr50(n,2n)Cr49
Cr52(n,2n)Cr51 100.0
Cr52(n,p)V52 97.7
Cr53(n,np)V52 2.0

Table 42: FNG pathways for CuCrZr using spectrum
fng_CuCrZr

Pathway (s)
Cr52(n,2n)Cr51

100.0

Cu63(n,a)Co60m(IT)Co60 51.7
Cu63(n,a)Co60 48.3
Cu65(n,na)Cob1 98.9
Cu65(n,2n)Cu64 99.3
Cu65(n,p)Ni65 99.3
Cu65(n,a)Co62m 99.7
Zr90(n,2n)Zr89 83.1
Zr90(n,2n)Zr89m(IT)Zr89 16.8
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Table 43: FNG pathways for hafnium using spectrum
fng_hafnium

Pathway (s) Vi
Hf178(n,p)Lul78 94.0
Hf179(n,np)Lul78 1.5
Hf179(n,d)Lul78 3.4
HEL78(n,p)Lul78m 76.3
Hf179(n,np)Lul78m 8.2
Hf179(n,d)Lul 78m 13.8
HEL79(n,p)Lul79 80.3
Hf180(n,np)Lul79 4.1
Hf180(n,d)Lul79 6.5
HFL80(n,p)Lul80 100.0
T 74(n,20) 173 100.0
HFL76(n,20) HEL75 98.3
HF177(n,30)HEL75 1.6
179 (n,n) Hf1 790 9.6
Hf180(n,2n)Hf179n 90.4
Hf180(n,n)Hf180m 98.9
T80 (n,g) HIF1S1 100.0

Table 44: FNG pathways for molybdenum (short) using spec-

trum fng_Mo
Pathway (s) Vi
Mo092(n,a)Zr89 75.2
Mo92(n1,2) Zr89m(IT)Zr89 25.1
Mo092(n,p)Nb92m 100.0
Mo95(n,p)Nb95m 80.1
Mo96(n,np)Nb95m 5.1
Mo96(n,d)Nb95m 14.7
Mo95(n,p)Nb95 80.4
Mo96(n,np)Nb95 8.0
Mo96(n,d)Nb95 11.0
Mo96(n,p)Nb96 93.2
Mo97(n,np)Nb96 3.4
Mo97(n,d)Nb96 4.2
Mo100(n,2n)Mo99(b-) Tc99m 88.2
Mo0100(n,2n)Mo99 99.8
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Table 45: FNG pathways for molybdenum using spectrum

fng_Mo
Pathway (s) Vi
Mo92(11,2) Zr89 75.2
Mo092(n,a)Zr89m(IT)Zr89 25.1
Mo92(n,p)Nb92m 100.0
Mo95(n,p)Nb95m 80.1
Mo096(n,np)Nb95m 5.1
Mo96(n,d)Nb95m 14.7
Mo95(n,p)Nb95 80.4
Mo096(n,np)Nb95 8.0
Mo96(n,d)Nb95 11.0
Mo96(n,p)Nb96 93.2
Mo97(n,np)Nb96 3.4
Mo97(n,d)Nb96 4.2
Mo100(n,2n)Mo99(b-)Tc99m 88.2
Mo100(1,20)Mo99 9.8

Table 46: FNG pathways for tantalum using spectrum fng_Ta

Pathway (s)

Tal81(n,a)Lul78

Tal81(n,a)Lul78m 98.3
Tal81(n,np)Hf180m 38.2
Tal81(n,d)Hf180m 61.4
Tal81(n,p)Hf181 100.0
Tal81(n,2n)Tal80 100.0
Tal81(n,g)Tal82 62.3
Tal81(n,g)Tal82m(IT)Tals2 37.4
Tal81(n,g)Tal82n 99.9

Table 47: FNG pathways for dysprosium using spectrum
fng Dy

Product Pathway(s)
Dy156(n,2n)Dy155 100.0

Dy158(n,2n)Dy157 99.5
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Product Pathway (s)

Dy162(n,p)Th162

Dy163(n,np)Th162 2.4
Dy163(n,d)Th162 5.6
Dy163(n,p)Tb163 100.0
Dy164(n,np)Th163 1.9
Dy164(n,d)Th163 6.2
Dy164(n,g)Dy165m(IT)Dy165 67.0
Dy164(n,g)Dy165 35.6

Table 48: FNG pathways for rhenium using spectrum fng_Re

Product Pathway (s)

Rel85(n,2n)Rel84

Rel185(n,2n)Rel8dm 100.0
Rel85(n,30)Rel83 100.0
Rel85(1,g)Rels6 12.9
Rel87(n,2n)Rel86 87.2
Rel87(n,g)Relss 98.1
Rel87(n,g)Rel188m(IT)Rel88 2.0
Rel87(n,g)Rel88m 100.0
Rel87(n,a)Tald4 100.0
Rel87(n,p)W187 100.0

Table 49: FNG pathways for tin using spectrum fng_Sn

Pathway (s)

Sn112(n,2n)Snlll

Sn114(n,2n)Sn113m(IT)Sn113 69.4
Sn114(n,2n)Sn113 28.5
Sn114(n,2n)Sn113m 100.0
Sn116(w,p)Inll6 97.1
Sn117(n,np)Inll6 1.7
Sn115(n,p)Inl115m 6.8
Sn116(n,np)Inllsm 374
Sn116(n,d)In115m 53.7
Sn117(n,t)Inl15m 2.1
Snl117(n,p)Inll7 87.3
Sn118(n,np)Inll7 6.9
Sn118(n,d)In117 3.8
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Product Pathway (s)

Snl117(n,p)In117m

Sn118(n,np)Inll7m 3.7
Sn118(n,d)In117m 16.4
Sn120(n,a)Cd117(b-)In117m 1.7
Sn117(n,n)Sn117m 5.3
Sn118(n,2n)Snl1l7m 94.6
Sn118(n,a)Cd115 99.7
Sn120(n,a)Cd117 100.0
Sn120(n,a)Cd117m 100.0
Sn124(n,2n)Sn123 99.9
Sn124(n,2n)Sn123m 100.0

Table 50: FNG pathways for scandium using spectrum
fng_ScSmGd

Pathway(s)

Sc45(n,2n)Sc44
Sc45(n,2n)Sc44m 100.0
Sc45(n,a)K42 100.0

Table 51: FNG pathways for samarium using spectrum
fng ScSmGd

Pathway(s)
Sm150(n,p)Pm150
Sm152(n,a)Nd149 100.0
Sm152(n,g)Sm153 1.6
Sm154(n,2n)Sm153 98.4

Table 52: FNG pathways for gadolinium using spectrum
fng_ScSmGd

Pathway (s)
Gd158(n,p)Eul58 100.0
Gd158(n,a)Sm155 100.0
Gd160(n,2n)Gd159 99.9
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Table 53: FNG pathways for spectroscopic heat measure-
ments using spectrum fng_heat
Product Pathway(s) %
Na24 Mg24(n,p)Na24 99.2
Na25 Mg25(n,p)Na25 100.0
Mg26(n,d)Na25 3.8
Mg27 Al27(n,p)Mg27 100.0
Na24 Al27(n,a)Na24 100.0
Sc48 Tid8(n,p)Sc48 99.4
Sc49 Ti49(n,p)Sc49 97.6
Ti50(n,np)Sc49 2.3
Ti50(n,d)Sc49 1.9
Sc50 Ti50(n,p)Sc50m(IT)Sc50 60.0
Ti50(n,p)Sc50 45.0
Co60 Ni60(n,p)Co60 68.5
Ni60(n,p)Co60m(IT)Co60 24.4
Co62 Ni62(n,p)Co62 100.0
Co62m Ni62(n,p)Co62m 100.0
Cu62 Cu63(n,2n)Cub62 99.6
Zr89m Zr90(n,2n)Zr89m 100.0
Y94 Zr94(n,p)Y94 100.0
Mo91 Mo092(n,2n)Mo91 100.0
Mo092(n,2n)Mo91m(IT)Mo91 4.9
Y90 Nb93(m,a) Y90 018
Nb93(n,a) Y90m(IT) Y90 8.2
Nb92m Nb93(n,2n)Nb92m 100.0
Agl06 Agl07(n,2n)Agl06 100.0
Agl108 Agl07(n,g)Agl08 1.9
Ag109(n,2n)Agl08 100.0
Cdlllm Cdl11(n,n)Cdll1m 12.5
Cd112(n,2n)Cd111m 90.3
Sn123m Sn124(n,2n)Sn123m 100.0
Hf180m Hf180(n,n)Hf180m 99.1
Lul80 180 (n,p)Lul80 100.0
Rel84 Rel85(n,2n)Rel84 100.0
W185 W186(n,2n)W185 61.8
W186(n,2n) W185m(IT)W185 37.8
Tal86 W186(n,p)Tal86 100.0
Rel86 Rel87(n,2n)Rel86 98.8
Pb204m Pb204(n,n)Pb204m 100.0
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Table 54: JAEA pathways for 5 minute irradiation samples
using spectrum fns_5min

Product Pathway(s) %
N13 N14(n,20)N13 100.0
N16 016(n,p)N16 100.0
019 F19(n,p)O19 99.8
F18 F10(n,20)F18 100.0
Ne23 Na23(n,p)Ne23 100.0
Ne23 Mg26(n,a)Ne23 100.0
Na24 Na23(n,g)Na24 100.0
Na24 Mg24(n,p)Na24 99.1
Na25 Mg25(n,p)Na25 96.8
Mg26(n,d)Na25 3.4
Mg27 A127(n,p)Mg27 99.9
Mg27 Si30(1,2)Mg27 99.9
A128 Si28(,p) A28 98.1
Al28 P31(n,2)A128 100.0
Al29 Si29(n,p)A129 08.8
Si31 S32(n,2p)Si31 5.5
S34(n,a)Si31 74.5
P34 S34(n,p)P34 100.0
P34 CI37(n,a)P34 99.8
S35 K30 (0,pa)935 100.0
S37 CI37(n,p)S37 100.0
Cl34m Cl135(n,2n)Cl34m 100.0
CI38 KA1 (1,2)C138 72.6
K41(n,a)C138m(IT)CI38 25.9
K38 K39 (n,20)K38 100.0
K44 Cad4(n,p)K44 100.0
Ar41 K41(n,p)Ardl 100.0
Sc44 Sc45(n,2n)Sc44 100.0
Scas Ti48(n,p) S48 99.4
Sc50 Ti50(1,p)ScH0m(IT)Sch0 56.8
Ti50(n,p)Sc50 42.4
Ti51 V51(n,p)Ti51 99.9
V52 Mn55(n,a) V52 100.0
V52 Cr52(n,p)V52 97.7
Cr53(n,np) V52 2.0
Cr49 Cr50(n,2n)Cr49 100.0
Cr55 Mn55(n,p)Crb5 100.0
Mn56 Mnb55(n,g)Mn56 100.0
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Product Pathway(s) %
Mn56 Fe56(n,p)Mn56 99.5
Mn56 Co59(1,a)Mn56 100.0
Co60m Ni60(n,p)Co60m 99.4
Co62 Ni62(n,p)Co62 08.7
Co62m Ni62(n,p)Co62m 100.0
Cu62 Cu63(n,2n)Cub62 100.0
Zn63 Zn64(n,2n)Zn63 100.0
Ga68 Ga69(n,2n)Ga68 100.0
Ga70 GaT71(n,2n)Ga70 99.0
GaT74 Ge74(n,p)GaT4 80.9
Ge74(n,p)Ga74m(IT)Ga74 19.1
GeT75 Ge76(n,2n)Ge75m(IT)Ge75 66.3
Ge76(n,2n)Ge75 33.2
GeT5 As75(n,p)Ge75m(IT)GeT5 57.3
As75(n,p)GeTh 42.9
Ge75m GeT76(n,2n)Ge75m 98.5
GeT75m As75(n,p)Ge75m 99.4
Se77m Se77(n,n)Se77m 13.6
Se78(n,2n)Se77m 86.1
Se81 Se80(n,g)Se81 2.5
Se82(n,2n)Se81 88.8
Se82(n,2n)Se81m(IT)Se81 8.6
Br78 Br79(n,2n)Br78 99.8
Br80 Br79(n,g)Br80 6.0
Br81(n,2n)Br80 93.1
Rb84 Rb85(11,2n)Rb84 94.4
Rb85(n,2n)Rb84m (IT)Rb84 5.6
Rb86m Rb87(n,2n)Rb86m 99.7
Rb86m Y89(1,2)Rb36m 100.0
RbSS8 St88(n,p)RbSS 100.0
Y88 Y80(n,20) Y88 100.0
Y89m Y89(n,n)Y89m 100.0
Y89m Nb93(n,na)Y89m 99.9
Y90m Nb93(n,a)Y9I0m 100.0
Y94 Zr94(n,p)Y94 100.0
Zr89m Zr90(n,2n)Zr89m 100.0
Nb94m Nb93(n,g)Nb94m 99.7
Mo91 Mo092(n,2n)Mo91 95.8
Mo092(n,2n)Mo91m(IT)Mo91 4.3
Mo91m Mo92(n,2n)Mo91m 100.0
Tc100 Ru100(n,p)Tcl00 83.0
Rul01(n,np)Tcl00 12.8
Rul01(n,d)Tc100 4.3

UKAEA Page 503 of 531



A.4 Japan Atomic Energy Agency data

UKAEA-R(18)004
Integro-Differential Validation

Product Pathway(s) %
Tcl02m Rul02(n,p)Tcl02m 100.0
Ru95 Ru96(n,20)Rud5 100.0
Rh103m RL103(n,0)RL103m 100.0
Rh104 RO103(n,g)Rh104 96.4
Rh103(n,g)Rh104m(IT)Rh104 2.8
Rh108m Pd108(n,p)Rh108m 99.9
Pd107m Pd108(n,2n)Pd107m 99.6
Pd109 Pd108(n,g)Pd109 5.9
Pd110(n,2n)Pd109 83.5
Pd110(n,2n)Pd109m(IT)Pd109 10.5
Pd109m Pd110(n,2n)Pd109m 99.0
Agl06 Agl07(n,2n)Agl06 100.0
Agl08 Agl07(n,g)Agl08 18
Agl09(n,2n)Agl08 94.9
Aglld Cdl14(n,p)Aglld 100.0
Cdlllm Cdl11(n,n)Cdll1m 13.3
Cd112(n,2n)Cd111m 86.7
Inl14 In115(n,2n)In114 99.2
In116m In115(n,g)In116m 79.4
In115(n,g)In116n(IT)In116m 20.6
In118m Sn118(n,p)Inl118m 88.0
Sn118(n,p)In118n(IT)In118m 10.8
In120m Sn120(n,p)In120m 98.6
Sn123m Sn124(n,2n)Sn123m 99.9
Sb120 Sb121(n,2n)Sb120 100.0
Tel29 Tel130(n,2n)Tel29 99.7
1128 T127(n,g)[128 100.0
Cs132 Cs133(n,2n)Cs132 100.0
Cs136m Bal36(n,p)Cs136m 83.3
Bal37(n,d)Cs136m 14.9
Cs138 Bal38(n,p)Cs138 83.1
Bal38(n,p)Cs138m(IT)Cs138 17.1
Bal37m Bal37(n,n)Bal37m 3.3
Bal38(n,2n)Bal37m 95.8
Bal37m Cel40(n,a)Bal37m 99.3
Bal39 Lal39(n,p)Bal39 100.0
Lald2 Cel42(n,p)Lald2 100.0
Cel39m Cel40(n,2n)Cel39m 98.8
Pr140 Pr141(n,2n)Pr140 99.5
Nd141m Nd142(n,2n)Nd141m 98.6
Nd149 Nd150(n,2n)Nd149 99.5
Sm143 Sm144(n,2n)Sm143 62.2
Sm144(n,2n)Sm143m(IT)Sm143 38.0
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Product Pathway(s) %
Sm143m Sm144(n,2n)Sm143m 98.5
Eul52m Eul51(n,g)Eul52m 64.3
Eul53(n,2n)Eul52m 35.7
Eul60 Gd160(n,p)Eul60 8.5
Gd159 Gd160(n,2n)Gd159 08.9
Gd159 Tb159(n,p)Gd159 100.0
Gd161 Gd160(n,g)Gd161 99.4
Tb158m Tb159(n,2n) Th158m 100.0
Tb162 Dy162(n,p)Th162 92.3
Dy163(n,np) Th162 2.2
Dy163(n,d)Th162 5.3
Tb164 Dy164(n,p)Th164 99.2
Dy165 Dy164(n,g)Dy165m(IT)Dy165 59.5
Dy164(n,g)Dy165 41.0
Dyl165m Dy164(n,g)Dy165m 98.3
Ho164 Ho165(n,2n)Hol64 95.8
Ho165(n,2n)Ho164m(IT)Ho164 4.2
Ho164m Ho165(n,2n)Ho164m 100.0
Ho168 Er168(n,p)Ho168 66.5
Er168(n,p)Hol168m(IT)Ho168 34.4
Er165 Er166(n,2n)Er165 99.7
Tm168 Tm169(n,2n)Tm168 100.0
Tm174 Yb174(n,p)Tm174 99.6
Yb167 Yb168(w,20)Yb167 100.0
Lul76m Lul75(n,g)Lul76m 90.1
Lul76(n,n)Lul76m 9.9
Lul80 HFL80(n,p)Lul80 100.0
Hf179m Hf178(n,g)Hf179m 28.0
Hf179(n,n)HfL 79m 7.2
HF180(n,2n)Hf1 79m 64.8
Tal80 Tal81(n,2n)Tal80 100.0
Tal86 W186(n,p)Tal86 100.0
W185m W186(1,2n)W185m 08.2
W185m Rel85(n,p)W185m 91.2
Rel87(n,t)W185m 8.8
Rel86 Rel85(n,g)Rel86 4.8
Rel87(n,2n)Rel86 95.2
Os191m 0s192(n,2n)0s191m 99.1
Ir192m Ir191(n,g)Ir192m 31.7
Ir193(n,2n)Ir192m 67.1
Pt197m Pt198(n,2n)Pt197m 100.0
Aul95m Aul97(n,3n)Aul95m 100.0
Aul96m Aul97(n,2n)Aul96m 99.9
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Aul96n Aul97(n,2n)Aul96n 100.0
Aul97m Aul97(n,n)Aul97m 100.0
Hgl99m Hg199(n,n)Hg199m 12.4
Hg200(n,2n)Hg199m 87.5
Hg205 T1205 (1, p) Hg205 99.7
T1202 T1203(n,20) T1202 100.0
T1206 T1205(n,g) T1206 96.9
T1205(n,g) T1206m (IT) T1206 2.6
T1206 Bi209(n,a) T1206 92.7
Bi209(n,a) T1206m (IT)T1206 13.2
T1208 Pb208(n,p) T1208 100.0
Pb203m Pb204(n,2n)Pb203m 97.4
Pb204(n,20)Pb203n(IT)Pb203m 2.6
Pb204m Pb204(n,n)Pb204m 100.0
Pb209 Bi209 (1, p)Pb209 100.0

Table 55: JAEA pathways for 7 hour irradiation samples

using spectrum fns_7hour

Product Pathway (s) %
Na22 Na23(n,2n)Na22 100.0
Na24 Na23(n,g)Na24 99.9
Na24 Al27(n,a)Na24 99.9
P32 S32(n,p)P32 99.5
K42 KAL(n,g)KA42 99.9
K42 Cad2(n,p)K42 98.0
Ca43(n,np)K42 1.6
Cad7 Cad8(n,2n)Cad? 100.0
Sca6 Ti46(n,p)Scd6 60.9
Ti46(n,p)Sc46m(IT)Sc46 21.7
Tid7(n,np)Sc46 13.8
Ti47(n,np)Sc46m(IT)Sc46 2.0
Scas Ti48(1,p)ScAS 99.6
Sc48 V51(n,a)Sc48 100.0
Cr51 Cr52(n,2n)Crb1 100.0
Mn54 Fe54(n,p)Mnb4 100.0
Mn56 Mn55(11,¢)Mnb6 99.3
Mn56 Fe56(n,p)Mn56 98.6
Co57 Ni58(n,np)Co57 97.1
Ni58(n,d)Co57 2.6
Co58 Ni58(1,p) Co58 80.0
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Product Pathway(s) %
Ni58(n,p) Cos8m(IT)Co58 20.0
Co58 Co59(n,2n)Cob8 71.9
Co059(n,2n)Co58m (IT)Co58 28.2
Co58m Co59(n,2n)Cob8m 99.8
Co60 Cu63(n,a)Co60m(IT)Co60 52.8
Cu63(n,a)Co60 47.2
Ni57 Ni58(1,20)Ni57 100.0
Cu64 Cu65(n,2n)Cu64 99.5
Sr83 Sr84(n,2n)Sr83 84.3
Sr84(n,2n)Sr83m(IT)Sr83 15.7
Sr85 Sr86(n,2n)Sr85 80.5
Sr86(n,2n)Sr85m(IT)Sr85 19.5
Sr87m Sr87(n,n)Sr87m 2.3
Sr88(n,2n)Sr87m 97.1
Y88 Y80(n,20) Y88 100.0
Zr89 Zr90(n,2n)Zr89 84.0
Zr90(n,2n)Zr89m(IT)Zr89 16.0
Zr95 Zr96(n,2n)Zr95 99.5
Zr95 Mo98(n,a)Zr95 100.0
Nb91m Mo092(n,np)Nb91m 92.3
Mo092(n,d)Nb91m 3.9
Mo092(n,2n)Mo91m(b+)Nb91m 3.7
Nb92m Nb93(n,2n)Nb92m 100.0
Nb92m Mo092(n,p)Nb92m 100.0
Nb95 Mo095(n,p)Nb95 83.2
Mo96(1,np)Nb95 6.4
Mo096(n,d)Nb95 9.7
Mo99 Mo100(n,2n)Mo99 99.6
Snl17m Snl117(n,mn)Snll7m 5.1
Sn118(n,2n)Snll7m 94.8
Sn119m Sn119(n,n)Sn119m 6.1
Sn120(n,2n)Sn119m 93.8
Sn123 Sn124(n,2n)Sn123 99.9
Bal31 Bal32(n,2n)Bal3lm(IT)Balsl 59.2
Bal32(n,2n)Bal3l 39.6
Bal33m Bal34(n,2n)Bal33m 100.0
Bal35m Bal35(n,n)Bal35m 10.6
Bal36(n,2n)Bal35m 89.3
Hf181 TalS1(n,p)Hf181 100.0
Tal80 Tal81(n,2n)Tal80 99.7
Tal82 TalS1(n,g)Tals2 5.3
Tal81(n,g)Tal82m(IT)Tal82 38.9
Tal81(n,g)Tal82n(IT)Tal82m(IT)Tal82 1.8
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Product Pathway (s) %
Tal84 W184(n,p) Tals4 99.6
W181 W182(1,2n)W1S1 99.8
W185 W186(n,2n)W185 59.8
W186(n,2n) W185m(IT)W185 40.0
Rel84 Rel85(n,2n)Rel84 100.0
Rel84m Rel85(n,2n)Rel84m 100.0
Rel86 Rel87(n,2n)Rel86 99.7
Pb203 Pb204 (1, 2n)Pb203m (IT)Pb203 51.7
Pb204(n,2n)Pb203 47.1
Hg203 Pb206(1,2)Hg203 96.2
Pb207(n,na)Hg203 3.8
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Integro-Differential Validation

A.5 Jiilich Nuclear Physics Group data

The various papers cited in section [3.5] provide effective cross-section data and exper-
imental information. Elements with multiple isotopes isolated the nuclide with the
dominant reaction and scaled by isotopic fraction. Note that the results from these
experiments often contain total production cross-sections such as (n,Xt) and 3He/4He
production ratios which are used to calculated (n,h) cross-sections. An approximate
d-Be neutron spectrum was produced, as outlined in section [3.5] and effective cross-
sections are computed from collapse with nuclear data.
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A.6 National Physics Institute ReZ data

UKAEA-R(18)004
Integro-Differential Validation

A.6 National Physics Institute Rez data

Table 56: NPI Rez pathways for aluminium using spectrum
rez_DF

Pathway (s)

Al27(n,2na)Na22
Al27(1n,0)Na22 62.3
Al27(n,a)Na24 99.5

Table 57: NPI Rez pathways for titanium using spectrum
rez_DF

Pathway (s)

Ti46(n,p)Sc46

Ti46(1,p)Sc46m(IT)Sc46 17.8
Tid7(n,np)Sc46 18.8
Ti47(n,d)Sc46 2.3
Tid7(n,np)Sc46m(IT)Sc46 4.2
Ti48(1,0)Sc46 2.2
Ti48(n,nd)Sc46 4.5
Ti48(n,2np)Sc46 3.0
Ti48(n,t)Sc46 1.8

Table 58: NPI Rez pathways for cobalt using spectrum
rez_DF

Pathway(s)

Co59(n,a)Mnb6

Co59(n,p)Fe59 99.5
Co059(n,3n)Cob7 91.9
Co59(n,0)Cob7 8.1
Co59(n,2n)Cob58 65.5
Co059(n,2n)Co58m (IT)Co58 33.9
Co59(n,2n)Co58m 99.2

UKAEA Page 510 of 531



A.6 National Physics Institute ReZ data UKAEA-R(18)004
Integro-Differential Validation

Table 59: NPI Rez pathways for zirconium using spectrum
rez_DF

Product Pathway (s)
Zr90(n,2n)Zr89

Zr90(n,2n)Zr89m(IT)Zr89
Zr91(n,3n)Zr89

Table 60: NPI Rez pathways for yttrium using spectrum
rez_DF

Pathway (s)
Y89(n,0)Y87 .
Y89(n,3n) Y87 60.5
Y89(n,0)Y87Tm(IT)Y87 3.5
(
(

Y89(n,3n)Y87m(IT)Y87 30.1
Y89(n,2n) Y88 99.4

Table 61: NPI Rez pathways for niobium using spectrum
rez_DF

Pathway (s)

Nb93(n,0)Nb90
Nb93(n,4n)Nb90 5.1
Nb93(n,0)Nb90m (IT)Nb90 15.7
Nb93(n,0)Nb91m 13
(
(

Nb93(n,3n)Nb9lm 95.7
Nb93(n,2n)Nb92m 99.5

Table 62: NPI ReZ pathways for rhenium using spectrum
rez_DF

Pathway (s)

Rh103(n,p)Rul03 99.4
Rh103(n,0)Rh100m(IT)Rh100 405
Rh103(n,4n)Rh100m(IT)Rh100 25.3
Rh103(n,0)Rh100 20.6
Rh103(n,4n)Rh100 13.6
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Product Pathway (s)

Rh103(n,0)Rh101m .
Rh103(n,3n)Rh101m 96.7
RL103(n,2n)Rh102 9.8

Table 63: NPI Rez pathways for lutetium using spectrum
rez_DF

Pathway(s)
Lul75(n,0)Lul72
Lul75(n,4n)Lul72 61.5
Lul75(n,0)Lul72m(IT)Lul72 3.8
Lul75(n,4n)Lul72m(IT)Lul72 21.7
(
(

Lul75(n,3n)Lul73 98.3
Lul75(n,2n)Lul74 98.7

Table 64: NPI Rez pathways for gold using spectrum rez_DF

Pathway(s)

Aul97(n,0)Aul94m(IT)Aul94
Aul97(n,4n)Aul94m(IT)Aul94 54.9
Aul97(n,0)Aul94 3.3
Aul97(n,4n)Aul94 15.6
Aul97(n,0)Aul94n(IT)Aul94 3.5
Aul97(n,4n)Aul94n(IT)Aul94 9.0
Aul97(n,3n)Aul95m(IT)Aul9s 75.6
Aul97(n,3n)Aul9s 23.3
Aul97(n,2n)Aul96m(IT)Aul96 63.8
Aul97(n,2n)Aul96 33.5
Aul97(n,2n)Aul96n(IT)Aul96m(IT)Aul96 2.5
Aul97(n,2n)Aul96n 99.5

Table 65: NPI Rez pathways for bismuth using spectrum
rez_DF

Product Pathway (s)
Bi209(n,4n)Bi206

Bi209(n,0)Bi206
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Product Pathway (s) Vi
Bi209(n,30)Bi207 98.8

Table 66: NPI Rez pathways for Eurofer-97 using spectrum
rez_DF

Pathway (s) %
Al27(n,a)Na24 79.4
Si28(n,pa)Na24 17.6
Si28(n,0)Na24 1.7
Ti46(n,p)Sc46 8.5
Ti46(1,p)Sc46m(IT)Sc46 3.7
Tid7(n,np)Sc46 3.8
V51(n,0)Sc46 4.7
V51(n,2na)Sc46 2.7
Ti48(n,np)Sc47 6.2
V51(n,na)Sc47 87.0
V51(n,0)Sc47 3.6
Ti48(n,p)Sc48 3.5
V51(1,2)Sc48 60.0
Cr52(n,pa)Sc48 30.9
Cr52(n,0)Sc48 4.9
Cr50(n,nd)V48 15.0
Cr50(n,2np) V48 53.7
Cr50(n,t) V48 12.6
Cr50(n,0)V48 18.2

(

(

(

Cr50(n,3n)Cr48 74.4
Cr50(n,0)Cr48 25.5
Cr52(n,2n)Crb1 86.1
Feb54(n,a)Crb1 11.2
Fe54(n,0)Mn52 174
Feb54(n,nd)Mn52 11.7

(

(

Fe54(n,2np)Mnb2 55.4
Feb54(n,t)Mnb2 14.7
Mn55(n,2n)Mn54 6.3

Fe54(n,p)Mn54 65.7
Fe56(n,nd)Mnb4 3.9

Fe56(n,2np)Mnb4 16.3
Fe56(n,t)Mnb4 3.4
(
(
(

Fe56(n,0)Mn54 4.3
Fe56(n,p)Mn56 96.8
Fe57(n,np)Mn56 1.6
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Product Pathway (s) Vi
Fe54(n,0)Feb2 29.1
Feb4(n,3n)Feb2 70.6
Fe58(n,g)Feb9 71.2
Co59(n,p)Feb9 26.2
N158(1,nd) Co56 11.3
Ni58(n,2np)Co56 70.2
Ni58(n,t)Co56 5.1
Ni58(n,0)Co56 13.5
Co059(n,3n)Cob57 3.3
Ni58(n,np)Cob7 90.5
Ni58(n,d)Cob7 4.4
Co59(n,2n)Cob8 14.2
C059(n,2n)Cob8m(IT)Co58 8.8
Ni58(n,p)Cob8 60.6
Ni58(n,p)Co58m(IT)Co58 15.4
Ni58(n,20)Ni57 98.6
Tals1(n,0)Hf180m 2.9
Tal81(n,np)Hf180m 32.0
Tal81(n,d)Hf180m 15.4
W183(n,a)Hf180m 12.5
W184(n,0)Hf180m 1.8
W184(n,na)Hf180m 34.7
Tal81(n,2n)Tal80 98.9
Tal81(n,g)Tal82 43.0
Tal81(n,g)Tal82m(IT)Tals2 26.8
W182(n,p) Tal82m(IT) Tal82 5.3
W182(n,p)Tal82 5.2
W183(n,np)Tal82m(IT)Tal82 4.1
W183(n,np)Tal82 3.8
W183(n,p) Tals3 27.2
W184(n,np)Tal83 38.4
W184(n,d)Tal83 17.9
W184(n,0)Tal83 3.3
W186(n,a)Hf183(b-)Tal83 10.0
W186(n,nt)Tal83 2.0
W186(n,g)W187 99.9

Table 67: NPI Rez pathways for tungsten using spectrum
rez_DF

Product Pathway (s) Vi
W182(n,0)Hf179n 1.6
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Product Pathway (s)

%
W182(n,a)Hf179n 72.6
W183(n,na)Hf179n 18.0
W184(n,0)Hf179n 1.7
W184(n,2na)Hf179n 4.6
W183(n,a)Hf180m 25.3
W184(n,0)Hf180m 3.7
W184(n,na)Hf180m 70.3
W184(n,a)HI181 89.8
W186(n,2na)Hf181 7.0
W186(n,0)Hf181 2.0
W186(n,0)Hf182m 15
W186(n,na)H{182m 94.8
W186(n,a)HI183 93.3
W182(n,p) Tal82m(IT) Tals2 18.2
W182(n,p)Tal82 18.0
W182(n,p)Tal82n(IT) Tal82m(IT) Tal82 4.3
W183(n,np)Tal82m(IT)Tal82 14.1
W183(n,d)Tal82m(IT) Tal82 3.9
W183(n,np)Tal82 13.1
W183(n,d)Tal82 4.0
W183(n,np)Tal82n(IT)Tal82m(IT)Tal82 3.7
W184(n,2np)Tal82m(IT)Tal82 2.2
W184(n,t)Tal82m(IT)Tal82 2.8
W184(n,2np)Tal82 1.9
W184(n,t)Tal82 2.6
W183(n,p)Tals3 28.6
W184(n,np)Tal83 40.4
W184(n,d)Tal83 18.8
W184(n,0)Tal83 3.5
W186(n,a)Hf183(b-)Ta183 5.4
W186(n,nt) Tal83 2.1
W184(n,p) Talsd 71.3
W184(n,0)Tal84 1.8
W186(n,nd)Tal84 5.2
W186(n,2np)Tal84 7.1
W186(n,t)Tal84 11.0
W186(1,0)Tal84 3.5
W186(w,np) Talss 66.0
W186(n,d)Tal85 27.6
W186(n,0)Tals5 5.7
W182(1m,20) W18l 74.6
W183(n,3n)W181 17.4
W184(n,4n)W181 6.7
W184(n,g)W185 14

UKAEA Page 515 of [531]



A.6 National Physics Institute ReZ data UKAEA-R(18)004
Integro-Differential Validation

Product Pathway (s)
W186(n,2n)W185
W186(n,2n)W185m(IT)W185 35.8
W186(n,g)W187 100.0

Table 68: NPI Rez pathways for tantalum using spectrum

rez_DF

Pathway (s) Vi
Tal81(n,0)Lul77m 5.1
Tal81(n,na)Lul77m 94.9
Tals1(n,0)Lul?? 2.7
Tal81(n,na)Lul77 97.3
Tal81(n,2n)Tal80(b+)Hf180(n,0)Hf179n 72.8
Tal81(n,3n)Tal79(n,p)Hf179n 10.9
Tal81(n,np)Hf180(n,2n)Hf179n 2.9
Tal81(n,d)Hf180(n,2n)Hf179n 1.7
Tal81(n,np)Hf180m(n,2n)Hf179n 24
Tal81(n,p)Hf181(n,3n)Hf179n 3.0
Tal81(n,0)Hf180m 5.7
Tal81(n,np)Hf180m 63.6
Tal81(n,d)Hf180m 30.5
TalS1(n,p)HII81 98.0
Tal81(n,0)Hf181 2.0
Tal81(n,0)Tal78m 11.0
Tal81(n,4n)Tal78m 88.8
Tal81(n,2n)Tal80 99.6
TalS1(n,g)Tals2 61.3
Tal81(n,g)Tal82m(IT)Tal82 38.3

Table 69: NPI Rez pathways for chromium (long irradiation)
using spectrum rez_DF

Pathway(s)
Cr50(n,0)Sc46

6.8
Cr50(n,pa)Sc46 80.2
Cr50(n,pa)Sc46m(IT)Sc46 11.9
Cr52(1,pa)Scas 86.2
(
(

Cr52(n,0)Sc48 13.8
Cr50(n,nd)V48 15.1

UKAEA Page 516 of [531]




A.6 National Physics Institute ReZ data UKAEA-R(18)004
Integro-Differential Validation

Product Pathway (s)
Cr50(n,2np) V48
Cr50(n,t)V48 12.7
Cr50(n,0)V48 18.3
Cr50(n,3n)Cr48 74.5
Cr50(n,0)Cr48 25.5

(

(

(

Cr50(n,2n)Cr49 98.2
Cr50(n,0)Cr49 1.8
Cr52(n,2n)Crb1 97.5

Table 70: NPI ReZ pathways for chromium (short irradiation)
using spectrum rez_DF

Pathway (s) %
Cr52(n,pa)Sc48 86.2
Cr52(n,0)Sc48 13.8
Cr52(n,2p)Ti51 54.1
Cr52(n,0)Ti51 2.8
Cr53(n,h)Ti51 6.7
Cr54(n,a)Tib1 35.0
Cr52(n,p)V52 88.1
Cr53(n,np) V52 9.9
Cr53(n,p)V53 76.3
Cr54(n,np)V53 18.8
Cr54(n,d)V53 4.4
Cr50(n,3n)Cr48 74.5
Cr50(n,0)Cr48 25.5
Cr50(n,2n)Cr49 98.2
Cr50(n,0)Cr49 1.8
Cr52(n,2n)Cr51 97.5
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