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Abstract

Results of measurements carried out at KRI for reaction cross sections induced by neutrons
with energy around 14 MeV are gathered in the present publication. In total, 1547
experimental cross section values obtained for 242 reactions are given in Tables and Figures
of this paper. All the recollected measurement results have been recalculated using the latest
reference data on properties of target nuclei and reaction products. Also the reference cross-
section values used in KRI experiments earlier were changed by the corresponding values
taken from the recent IRDFF v1.05 evaluation. The revised experimental results supersede
the corresponding KRI data published earlier. The work was sponsored by NDS of IAEA.
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1. INTRODUCTION

The present work is aimed for taking together results of the systematic activation cross
section measurement for the reactions of importance for fusion and other applications. The
experiments were carried out on the edge of the 20™ — 21 centuries by a group of experimentalists
at the Khlopin Radium Institute (KRI). The most important data were earlier published in [1 — 5].

Most KRI measurements were performed in the standard, rigidly fixed conditions that
provided decreasing the random data uncertainties. The systematic uncertainty component related to
the instrumentation used was reduced by obtaining the cross sections that are known with high
accuracy using the same conditions.

When it was possible, the cross-sections for the excitation of metastable and ground states of
the product nuclide were measured separately. In total, the 1547 experimental cross-section values
obtained for 242 reactions are presented in Tables and Figures of this paper.

All the collected data has been revised with the latest reference parameters [26 — 29] which
are the reference cross-sections, isotopic abundance of the target nuclei, and half-lives and gamma
intensities of the reaction products. In this paper, the uncertainty contributions of the reference data
are given explicitly in an additional column of the Tables that contain the cross-section
measurement results. This was done to facilitate a possible next result recalculation that will be
required if the reference data would be further changed.

One page for one reaction was chosen as the format of the experimental data presentation.
There are the numeric information on measurement results given in Tables and the intercomparison
of available experimental data and evaluations demonstrated in Figures. The relevant decay
schemes and numeric decay data used are presented on the corresponding pages too.

The reference cross-section data on *’Al(n, «)**Na and *Nb(n,2n)**"Nb is tabulated in
Attachment. Both the new IRDFF v1.05 values used in this paper and the old KRI values used
earlier are given in the Attachment Tables.

In the report body, the applied experimental methods are described in detail. Some original
methods developed for special measurements are also considered.

The experimental data values given in Tables supersede the corresponding experimental
KRI data published earlier.

The work was sponsored by NDS of IAEA.

The full report text of the present version is available as:
https://www-nds.iaea.org/publications/indc/indc-ccp-0460/

Some misprints revealed in the report version of March 2016 have been corrected in the
present version (December 2016). The author thanks very much Marina Mikhailukova who noted
and reported these errors to me.

The revealed and corrected misprints are shown in the table lower.
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Mistakes revealed in the version of March 2016 and corrected in the present version

Page Position in the list Version of March Version of December
number 2016 2016
- Data table for Si(n, 2p)**Mg, " 14.80
P incident energy E, ' '
39
p.3g | 1able atthe page bottom, K 95.2581 44 93.2581 44
abundance
Data of columns 2,3,4
corresponds to the real
p.104 | Data table for ""Mo(n, x)**Nb data of columns 1,2,3 | Corrected
but the real data of
column 4 is absent
Data of columns 2,3,4
corresponds to the real
p.105 | Data table for ""Mo(n, x)*’Nb data of columns 1,2,3 | Corrected
but the real data of
column 4 is absent
p.123 | rableatthe page bottom, 3536 d 6 3536 h 6
reaction product Ty,
0.126 'Fl)'raobdlﬁ :tt the page bottom, reaction 1053 1050,
0.137 Tablg at the page bottom, 7450 1 7454d 1
reaction product Ty,
Table at the page bottom,
p.208 reaction product Ty, 42.39h 6 42.39d 6
Data table for ’Al(n, o)**Na Data at 13.48 MeV are
p-275 reference cross section absent. Corrected
93 92m
0.276 Data table for *°Nb(n, 2n)™"Nb Data at 13.48 MeV are Corrected.

reference cross section

absent.
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2. EXPERIMENTAL PROCEDURES

Activation cross-section measurements were carried out using a conventional, widely used
scheme: irradiation — cooling — gamma counting. Briefly, the main features of the measurements
considered are as follows:

a) most reaction cross sections were measured at several neutron energy values inside the
interval 13.4 — 14.9 MeV;

b) the 2’Al(n, a))**Na and **Nb(n, 2n)**"Nb reaction cross sections known with the accuracy
of 0.4 — 0.8% were used for the neutron fluence determination as the reference data;

c) the geometry of irradiation and gamma counting was fixed for most measurements, and
some standard reaction cross sections known with an accuracy of 1-—2% were also
measured in the same conditions;

d) the scattered neutron contribution was minimized by the use of thin-wall constructions
and air cooling of the target;

e) the changes of neutron flux during irradiation were measured by two independent
scintillation detectors. One of them was continuously scanning around the target and
monitoring both angular and energy distributions of neutrons;

f) the neutron field parameters were calculated in detail using a special code that took into
account the real target properties and experimental geometry.

g) the data accumulation, treatment and presentation were computerized. All information
about the measurements was stored in a structured data bank provided with service
codes.

h) some efforts were made to create a computer code that could estimate the gamma
radiation of samples irradiated by neutrons. This code was used as an auxiliary tool for
choosing the optimal parameters of measurements.

The issues outlined above are considered in more detail in the following section of this
paper.

2.1. Neutron irradiation

A Neutron Generator NG-400 (of ICT type) was used for sample irradiation with neutrons
produced in the T(d, n)*He reaction. Depending on requirements of the particular experiment, the
accelerating voltage was 220 - 320 kV, the deuteron current was 0.01 - 0.5 mA and the Ti-T target
thickness was 1 — 2 mg/cm?.

The irradiation arrangement is shown in Fig. 2.1.1. The samples were gathered into
assemblies that were mounted relative to the beam direction at the angles of 0, 40, 60, 80, 100, 120
and 140 degrees (the ring No. 1 for seven assemblies) or at 0, 40, 60, 75, 91, 107, 125 and 150
degrees (the ring No. 2 for eight assemblies). In this arrangement, the neutron energy interval
13.4 - 14.9 MeV was covered at the accelerator parameters indicated above.

A special attention was paid to minimizing the contribution of scattered neutrons to the
primary neutron spectrum. The accelerator target chamber was constructed using thin details that
have the wall thickness of 0.2 - 0.5 mm. The target warm was withdrawn by a focused air jet. The
sample holder was also made from thin-wall constructions where the maximal thickness had the
sample assemblies (~1 — 3 mm). Additionally, the role of scattered neutrons was reduced by using
during irradiations a short target - sample distance (30 mm) that was much less than the distance
between the target and other massive elements of the accelerator and experimental hall.

3



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

‘JuowdFueLIR Jo3Ie) JBAN [°1°C "SI

10)1aow
10)R[[}UIdS
suruuedg




A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

Typically, 2 -4 different materials were irradiated simultaneously. The samples were
gathered in packets in which the first and the last positions were occupied by the monitor foils
(Al or Nb). Occasionally, an additional monitor foil was inserted in the middle of the assembly. The
fluence data determined by all monitor foils were treated jointly taking into account the real foil
distance to the neutron source, the angular distribution of d-T neutrons and the real law of neutron
flux reduction with distance. This decreased the uncorrelated part of monitor errors by a factor
approximately 2-3 in comparison with the conventional method where the fluence is
independently determined for each packet. The method is described in more detail below.

Variations of the neutron flux during irradiation were measured by two independent
scintillation detectors, one of which was fixed rigidly and the other one was rotated around the
target at the distance 1 m, over the angular range from -160 to +120 degrees. A standard period of
20 s was set for a rotation cycle, however, if necessary, that could be changed from 5 s to 2 min.

Detailed information on the angular and energy distribution of neutrons, and their variations
during the irradiation, was written to a PC disk and used later during data processing.
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2.2. Calculation of neutron field parameters

The space and energy distributions of neutrons generated in the *H(d,n)*He reaction were
calculated with taking into account the realistic experimental conditions, such as finite sizes of the
beam and the sample, inhomogeneity of the tritium distribution in the target, changes of the energy
and angle parameters of the beam due to slowing down, etc. As the base model, the method
described in [20] was used. In the present work, this approach was extended to the events of non-
coaxial geometry.

Calculations described are very important when the sizes of the irradiated samples are
comparable with the sample distance to the neutron source. There are a number of circumstances
when the samples are to be placed in close proximity to the target. This could be necessary, for
example, if the measured cross-section is small or if the reaction product has long half-life or low
gamma-ray intensity or if only a small amount of material is available for irradiation, etc.

Additionally, it is worth noticing that the role of scattered neutrons which distort the original
neutron field is much less near the target.

Last but not least, the allocation of the irradiated samples close to the target allows
accumulating the needed neutron fluence without excessive activation of the target chamber,
accelerator elements, etc.

Some examples of calculation results are shown below. The dependence of neutron field
parameters on the irradiation geometry is presented in Figs. 2.3.1 — 2.3.4. The influence of deuteron
energy on neutron characteristics is shown in Figs. 2.3.5 — 2.3.6.

Most noticably, the finite geometry effects appear in a remarkable broadening of neutron

energy distribution near 90" (Fig. 2.3.2) and in significant deviation of neutron flux changing with
distance from the 1/r® law (Fig. 2.3.4).

T(d,n)*He, E4 = 220 keV T(d,n)*He, E4 = 220 keV
12 1.2 — T — 7 — 7
° i = mm
‘T< — 90 Bium = %Omm — ° B
E1o- R AL 1.0 90 -
e | | |
=< ’l\ 0.8 _
o %7 i 2"
\> - ‘l‘ = - -
[ | -
= 6 ! = 0.6 — —
& ih <
- b : \ = 7 -
T - ! 0.4 - °
=N 180° It oo 0
%c T // i) . 0s | |
2 24 ) it N : 180°
S - J ¥ / \ B B
© / ) ‘\ \
0] L e e e e e e e e e B L e e o e e e e B L 0.0 T T T T T T T T T T T T
12.5 13.0 13.5 14.0 14.5 15.0 15.5 1 10 100 1000
Neutron energy, MeV Sample—Target Distance, mm
Fig. 2.3.1. Neutron spectra calculated for different sample Fig. 2.3.2. Neutron spectrum full width at half of
diameters, 14 and 1 mm. Beam diameter is maximum (FWHM) dependence on the
3 mm and sample-to-target distance is 30 mm. sample-to-target distance. Beam diameter

is 3 mm and sample diameter is 14 mm.
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4
T(d,n)'"He, E4 = 220 keV
15.0 — T — T R AR :
o J
10 /”*—ﬂ—.—' ]
14.5 ]
1 90° _
% B —o—o i
= 14.0 i
L i o _
1 180 J
13.5 — .\‘\‘\.‘,—,—. ]
13.0 — e — — T T
1 10 100 1000
Sample—Target Distance, mm

Fig. 2.3.3. Dependence of the averaged neutron
energy on the sample-to-target distance.
Sample diameter is 14 mm.

200 L e e B e L e S s B S B B B B B S B
— 7 7
<< 1504 =
= 4 4
*
n -
~
~ - -
< 4 -
@ - 100 =
= - -
* ] ]
=
< - -
* 50 -
= E i
] T T T T T T T T [ T T T T T T T T [ T T T T T T T
0.05 0.10 0.15 0.20 0.25 Q.30 0.35

Deuteron energy, MeV

Fig. 2.3.5. The energy dependence of the 4n-solid
angle integrated neutron flux.

T(d,n)*He, Eq = 220 keV
8 — — — T T
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Fig. 2.3.6. Neutron spectra calculated for different
deuteron energies (solid line corresponds
to Eq = 200 keV).

The real FWHMs are about of 200 keV for every irradiation angle at the sample-to-target
distance 30 mm. Although the neutron energy spread is remarkable, it does not influence the cross
sections measured because the change of the majority of cross sections around the neutron energy
14 MeV is smooth and can be well approximated by the linear dependence. It is worth mention that

the method of the cross section approximation
previous publications.

by linearization was successfully used in our

Generally, if the cross section change is linear and the neutron energy distribution is
symmetric then the average neutron energy is the value that sufficiently characterizes the cross
section measured. These conditions are valid almost everywhere in the present measurements. This
is why_the uncertainty of the average neutron energy (not FWHM!) is given in our present data

illustrated in the Figures.
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2.3. Reference cross sections

Cross-sections measured in the present work were determined relatively to the reference
cross-sections which are either 2’ Al(n,o)**Na, or **Nb(n,2n)**™Nb, or both. The second reaction was
favorable in practice because the ““"Nb has eminently suitable decay properties: one dominant
gamma-line 934.4 keV that is in the well calibrated region of gamma detector and the convenient
half-life 10.15 d which provides gamma counting without hurrying. The *’Al(n,o)**Na reaction was

the preferred reference at short irradiations.

Systematic cross-section measurements of reactions induced by 14-MeV neutrons were
started at KRI in the early 1990s. At that time, improvements in nuclear data libraries were
demanded, and several projects for conducting new experiments and extending evaluations were
initiated. The 2’Al(n,a)®*Na cross-section around neutron energy 14 MeV has remained stable
throughout the period of nuclear data revision. This is illustrated with the Fig. 2.2.1.

As can be seen in the Fig. 2.2.1 the “old”
2TAl(n,a)*Na cross-section values used at KRI
measurements as the reference ones are in the
good agreement with each of the modern
evaluations. Most closely, the KRI data are to
FENDL-3.0 and IRDFF v.1.05 evaluations.

The situation with the “Nb(n,2n)**"Nb
cross-section evaluation was quite different when
the systematic cross-section measurements were
started at KRI. Firstly, the experimental data was
scattered widely (see Fig. 2.2.2). Secondly, there
are only few evaluations that contained the split
data for the ground and isomeric states.
Therefore, obtaining **Nb(n,2n)*™Nb  cross-
section data reliable enough for use as reference
values during the determination of other measured
cross-sections was a rather complicated problem.
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Fig. 2.2.1. Modern evaluations of the #Al(n,o)*Na
cross section in comparison with the data
used at KRI measurements as the reference
cross-section values.

In the circumstances outlined above, it
was decided to bind the *Nb(n,2n)**"Nb cross
section that was studied insufficiently to the
2TAl(n,o)*Na cross section that was known
more precisely.

A large body of ratios of the
%Nb(n,2n)*"Nb to the *Al(n,o)**Na cross
sections were obtained during the initial stages
of our measurements, as most of the KRI
standard sample assemblies contained both
niobium and aluminum foils that were
sandwiched with the irradiated samples,

e.g. Nb - sample X1 - Al - sample X2 - Nb
or Al-sample Y1 - Nb -sample Y2 - Al.

About of 20 independent ratio values
were obtained using the model described above
for all neutron energies. The ratios were
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averaged to reduce random uncertainty in the data. Then the **Nb(n,2n)**™Nb values were tabulated
and used as the reference cross-section standard of the KRI measurements.

A good quality of the *Nb(n,2n)**"Nb cross-section data used in the KRI experiments is
confirmed by the contemporary evaluations shown in Fig. 2.2.3.

2TAl(n,0)**Na and *Nb(n,2n)*™Nb reference cross-sections were stated once, at the very
beginning of KRI experiments. These remained unchangeable during the total cycle of the

KRI activation cross-section measurements.
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Fig. 2.2.3. Contemporary evaluations of **Nb(n,2n)**"Nb
cross-section in comparison with the data used
during KRI measurements as reference cross-
section values.

One of the aims of this paper is to bring
the reference decay and cross-section data used
at KRI activation cross-section measurements
into compliance with recommendations of
up-to-date evaluated data files. Using this
opportunity, the old (KRI) 2TAl(n,a)**Na and
%Nb(n,2n)**"Nb reference cross-section data
should be changed with the values of the
modern evaluations.

IRDFF v1.05 seems to be most preferable
for this purpose because this evaluation is one
of the latest (released 09 October, 2014), and
contains detailed information on both cross-
sections and uncertainties. Additionally, the
IRDFF v1.05 data for the two cross-sections
considered here are in a total accordance with
the data of the last available TENDL-2014
evaluation. Furthemore, the IRDFF v1.05 data
for 2’Al(n,0)**Na and **Nb(n,2n)**"Nb cross-
sections agree well with the reference data used
at the KRI measurements. (Fig.2.2.1 and
Fig. 2.2.3). This means that the exchange of the
old reference data (KRI) with new ones
(IRDFF v1.05) does not cause a drastic change
in the KRI activation data published earlier.

The old and the new reference cross-section data are tabulated in Table | and Table Il of

ATTACHMENT (pp.275-276).
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2.4. Gamma counting

Two detectors were used for y-counting of irradiated samples. These were a Ge(Li)-detector
of the 160 cm® sensitive volume and the energy resolution 4.0 keV at E,=1332.5keV, and a
HPGe-detector that had a relative efficiency 24.7% and energy resolution of 1.8 keV at
E, = 1332.5 keV. The HPGe-detector had a thin beryllium entrance window that extends the energy
interval of gamma rays acceptable to detection up to 5 keV.

The detectors were enclosed in heavy shields consisting of consecutive layers of the lead,
cadmium and steel (the Ge(Li) shield) or lead, copper and aluminum (the HPGe shield). The typical
background gamma spectra of the shielded detectors are shown in Fig. 2.4.1.
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Fig. 2.4.1. Background count rate of the shielded HPGe- and Ge(Li)-detectors used in the experiment.

A thorough knowledge of background spectrum details is often required for an accurate
determination of low activities. To provide a good statistics of background spectra, these were
measured by many small portions using the time windows when the detectors were free of other
gamma measurements. In order to avoid broadening the peaks during summation of disconnected
portions, a certain procedure was developed. First, the energy scale of every spectrum was
recalibrated using well known background peak positions. Then, the spectra were deformed to the
unified energy scale (e.g. 0.5 keV per channel as in Fig. 2.4.1) by a special computer code. After
this, the spectra portions were summed. The background spectra shown in Fig. 2.4.1 corresponds to
the total exposition of approximately 20 days for the HPGe and 9 days for the Ge(Li) detectors.

The relative full-energy peak efficiencies of the detectors were measured at different
distances from the detector using the standard gamma sources (OSGI) as well as several radioactive
nuclides produced at the Neutron Generator. The dependence of efficiency on energy and distance
were approximated by analytical formulas. Two distance points were calibrated most carefully and
set to the standard counting points for which the absolute full-energy peak efficiency was
determined. The distances from the upper surface of the detector cup to the lower side of the sample
were 33 and 112 mm for these two points. The absolute full-energy peak efficiency measured at the
remote point for the HPGe detector is presented in Fig. 2.4.2.

10
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l : HPGe l Amz241

Absolute Efficiency [%]

o
—

10 100 1000

Gamma Ray Energy [keV]

Fig. 2.4.2. Absolute full-energy peak efficiency of the high purity germanium (HPGe) detector with the
thin beryllium entrance measured at the distance of 112 mm from the detector cover top. A
black solid curve is the analytical efficiency approximation used in activation cross-section
calculations.

The HPGe detector used in the experiment had not only good energy resolution but also high
registration efficiency, especially in the region of low gamma energies. The detector was operated
in complicated measurements, e.g., detection of low activities embedded in high background.

The high detector sensitivity that is an undoubtedly positive property often has a negative
effect related to the simultaneous registration of X-rays and other gamma-rays emitted in cascade
with the defined gamma-line. The pulses correlated in time are summed in the detector and leave
the peak area. The full-energy peak efficiency should then be corrected for the effect of gamma
cascades.

The total registration efficiency is needed for calculation of gamma coincidence corrections.
Experimental measurements of this quantity require the use of mono-energetic gamma sources.
However, the sources of this category such as **Am, 1°cd, ***Ce, ?®*Hg, **'Cs, **Mn and others
are, strictly speaking, not mono-energetic because they emit the X-Rays also. These are registered
by the HPGe detector and should be excluded by an additional correction procedure.

The problem of the total gamma registration efficiency could be solved by means of MCNP
emulations. In the calculations we carried out, the real geometry of gamma counting was modeled.
This included gamma detector crystal, detector capsule, sample holder, shield layers and other
details. The MCNP emulations were performed for both HPGe- and Ge(Li)- detectors and also for
both 112 mm and 33 mm standard gamma counting positions.

Results of MCNP calculations performed for the Ge(Li) detector is shown in Fig. 2.4.3. A
gamma radiation source was supposed to be placed in the standard measurement point distanced at
33 mm from the top of the detector capsule.

11
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It is seen in in Fig. 2.4.3 that the full-energy peak efficiencies calculated by means of MCNP
are in a good agreement with those measured experimentally. Besides, it was discovered that the
emulated response functions of various gamma sources correlate closely with corresponding gamma
spectra measured in experiments. These facts could be considered as a strong evidence for the
reliability of the total efficiency calculated by MCNP and, therefore, the accuracy of corrections for
gamma cascade summing that was calculated in the present measurements.
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Fig. 2.4.3. Absolute total, full-energy peak, one escape and double escape gamma efficiencies of the
Ge(Li) detector calculated with MCNP for the distance of 33 mm from the detector cover top.
A black solid curve is an approximation of the full-energy peak efficiency measured
experimentally. The colored points correspond to the results of MCNP calculations,

One more conclusion can be drawn from the comparison of the calculated and measured
characteristics of the detectors presented in Fig. 2.4.2 and Fig. 2.4.3. This concerns the accuracy of
the full-energy peak efficiency. Since the methods used in the experiment and the MCNP
calculation were totally independent, then the analysis of small differences between results of the
two different approaches can shorten the uncertainty of the gamma peak efficiency approximation
by the value Ag, <1.2% for both detectors and almost for the total gamma ray energy interval

that was used in the measurements. A little uncertainty increasing was only admitted at the ends of
the used gamma energy region.

After processing the gamma spectra of the samples activated by neutrons, the procedure of
activation cross-section determination was started.

12
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2.5. Algorithm of cross section determination

By definition, the cross section of the nuclear reaction A(n, x)B is determined by the relation:

O =—25—, (2.5.1)

where N, is the number of nuclei B produced in the reaction;
is the number of the target sample nuclei A;
@ _ is the neutron fluence accumulated by the sample.

Now, consider the procedures used to determine each of the three values in the formula
(2.5.1).

2.5.1. Determination of the target nuclei amount

The number of the initial nuclei, N, , is connected with the mass of the sample through:

_m'AW' P - P,

N
A At

, (2.5.2)

where m is the sample mass, [g];
AW s the Avogadro's number;
P, is the abundance of the isotope A in the chemical element;

p, is the share of the chemical elements in the chemical formula;
At is the atomic weight of atoms of the sample, [a.e.m];

2.5.2. Neutron fluence determination

There are several methods used to determine the integrated flux. The approach used in this
work involves the use of ratios, whereby many uncertainty factors can be cancelled and the total
data uncertainty is diminished.

In this approach, the integrated neutron fluence accumulated by the reference sample is
determined as:

Nos (2.5.3)

o =——
N, o
rA rAB

where the formula is similar to (2.5.1) and “r”” means "reference".

Usually, o, is known with good accuracy; N, and N ; should be determined by the same
proceduresas N, and N .

The fluence accumulated by each sample depends on the sample position in the assembly.
This dependence is described by the %2 -law if the neutron scattering and sizes of sample and

target can be neglected. For close geometry, as shown in chapter 2.3, the accumulated fluence
13
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changes with distance more slowly (see Fig. 2.3.4, for example). More correctly, the dependence
%a would be used, where a < 2.

For the actual conditions of the experiment (the target-sample distance is 30 mm, beam
diameter 5 mm, diameter of the sample 14 mm, and sample thickness 1 mm), it was estimated that

a ~1.97 which approximates closely to the “normal” value 2. Nevertheless, for more generality,
let us consider that:

O, ~ 1ra (2.5.4)

To simplify the following formulas one can introduce a new variable, the so called "reverse
fluence" ¢, that is connected with the normal fluence @ by:

D | =

p=0 (2.5.5)

n

Then the reverse fluence ¢(r,), accumulated by the sample i, placed at the distance T,
from the neutron source will be calculated as:

o(r.) = o(r,) : (2.5.6)

where ¢(r;) is the reverse fluence accumulated by the reference sample located at the distance I,
from the neutron source.

Often, as in the present case, the two reference foils occupy the first and last positions in the
assembly. For them,

{¢(r1) =@, -1 (2.5.7)

()=, T,
where ¢, is the reverse fluence at the unitary distance from the neutron source;
I, and 1, are the positions of the two reference foils.

The solution of the system (2.5.7) is equivalent to drawing a straight line in the plane {r, ¢, }.
The straight line goes out from the point [0,0] and must pass through the regions of two other
points with coordinates [I,,@(r,)] and [1,,(r,) 1 with minimal deviations. It is natural to use the
method of weighted least squares for finding the slope of the line ¢, :

W, - [¢(r1) — @ - r1]2 +W, - [@(rz) — @y rz]2 = min (2-5-8)

where W, and W, are the weights of measurements for the first and second reference samples.

14
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Then,

W, -@(r)-r+w,-o(r,)-r
— 1 1 ; 2 (02 2) 2 (2.5.9)
W, -1+ W, -,

Py

The reverse fluence accumulated by the sample located at the distance I, will be determined as:

¢(r|) =@, T (2.5.10)

If n sample assemblies arranged at different angles to the deuteron beam are irradiated
simultaneously (as shown in Fig. 2.1.1) and every assembly contains two reference foils, then we

will have a system of n equations like (2.5.8).

W, - [¢(r1k) — @ rlk]2 + W, '[(0(r2k) 2 r2k]2 =min (2'5'11)

where K runs from1to n.

Additionally, it is necessary to take into account that the effective center of the accelerator
beam can be shifted from the geometrical center of the target. This will cause a change to the
distance set used in the formulas above. The real distance from the neutron source to the sample, r,,

is connected with the mechanically fixed distance, I, , from the target to the sample through:

r* =r2+u?+2r,_-u-sin(4) (2.5.12)

where U is the beam shift projection on the plane of sample assemblies;
9, is the angle between the beam direction and the assembly K

Fig. 2.5.1. The target vicinit ]
g g y axXIs.

Additionally, the neutron source anisotropy V() is to be considered. This is defined as:

V(@)= o519

0

where (%) is the fluence of neutrons emitted in direction , and @ is the mean neutron fluence:

N
O, =" (2.5.14)
Ar
where N is the total number of neutrons emitted in all directions during the irradiation.

The “anisotropic reverse fluence”, ¢, , is bound with the “isotropic reverse fluence”, @,

with relation:

gp; =® 'Vk

D | =

(2.5.15)

where the index K corresponds to the angle 9.

15
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Finally, the system of n equations which corresponds to the zero approach (2.5.11) can be
rewritten with the modified variables:

Wy - [(ok*(rlk*) ~ Do rlk*]z + W, - [¢k*(r2k*) ~ Py - r2k*]2 = min (2.5.16)

where K runsfrom1to n.

The variables marked with asterisk include the information on neutron source anisotropy and
the possible shift of the beam position on the target. Therefore, the equations (2.5.16) describe the
problem more realistic.

The system (2.5.16) has no analytical solution similar to (2.5.9). However, it can be easily
solved with a computer using an iteration procedure. As a result, the total number of neutrons

emitted during the irradiation time, N, and the real position of the beam on the target, u, will

be deduced. It is worth noting that for determination of these two parameters, more than two
independent equations are used. This means, the uncorrelated error of the neutron fluence

determination decreases /N, — 2 times, where N, is the number of reference samples.

Finally, the neutron fluence accumulated by the i-sample in the k-assembly will be calculated
by the formulas:

Py =Py " T (2.5.17)
1
Po =[P, V()] (2.5.18)
7 =17 +u +2r, -u-sin(g,) (2.5.19)

2.5.3. Determination of the amount of nuclei produced in the reaction

As indicated above, this analysis is restricted to activation cross section measurements. In this
case, we need to know the number of nuclei of type B, N, that were produced in the reaction

studied (formula 2.5.1). It is related to the induced sample activity, A, , measured experimentally
through the simple relation:

A =1, -N, (2.5.20)

where A, is the decay constant.

The formula (2.5.20) would be quite enough for determination of the N, value if all the

B-nuclei were produced by a very short neutron flash and the sample activity was measured very
quickly, just at the moment of the flash. Unfortunately, this ideal situation can never happen.

Firstly, the nuclei we are interested in are radioactive and amount of them is changing in the
time according to the radioactive decay law:

N, (t)=N_(t,) e (2.5.21)

where N, (t,,) is the number of B-nuclei produced in the neutron flash;
t is the time gone after the irradiation moment.

16
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Secondly, various nuclei are generated at the neutron irradiation of the sample. Some of them
can also produce the B-nuclei in the process of own decay. These are “B-parents”. Let us denote the

B-parents by index B" (mother). Then, the change in the time of the B-nuclei amount will be
expressed by the more complicated dependence:

At O .n A (A —Ag)t
Ny ()= Ny(t) e |1+ 7o e (et (25.22)

B B™ B

where o_, and o, are cross-sections of production of the corresponding nuclei at neutron irradiation;

o is a part of mother nuclide decays that is resulting in generation of B-nuclides;
A.. and A, are decay constants of the corresponding nuclei .

Bm

The formula (2.5.22) covers almost all situations that have practical significance because the
production of the radioactive chains consisting of three or more members is rather unusual for
irradiations involving fast neutrons.

Bm
O-B
data. Moreover, it may depend on neutron energy and, hence, is specific for each sample packet.
There are a number of methods for its determination.

Generally speaking, the ratio is unknown and has to be determined from experimental

The situation is most easy when decays of the mother and daughter nuclei are accompanied
by emission of gamma rays having different spectra. If the mother nuclide does not indicate itself
by specific gamma radiation then the measurement of the decay curve shape can be used. Several

gamma spectra are to be repeatedly counted for every sample in this case. The accurate o, data
taken from other experiments or evaluations would be also sufficient for solution of the problem.

At the present stage let us assume that the mother-to-daughter cross section ratio is deduced
already and try to consider in more detail the sample activity determination. The immediate result of
gamma counting is the gamma peak area, P(Ey) . It is related to the amount of B-nuclei as:

P(Ey) :Y(Ey) . g(Ey) . /’LB . J:j:tNB(tcm _too) S | (2523)

where t™, t;" are the times of the beginning and the end of gamma counting;

t™ is the time of gamma counting t™ <t <t™;
Y (Ey) is the yield of the relevant gamma line with energy E  ;

3(Ey) is the absolute peak efficiency of the gamma detector.

Formula (2.5.23) is written as if all the B-nuclei were produced at the time moment t,. In

reality, the sample irradiation was extended from t;" to )", and the irradiation intensity could vary
arbitrary as ¢ (t""). To take this into account we can write:

irr ont

P(E ) ) Y(Ey) . g(Ey) ) ﬂ,B . J‘; dtirrJ‘;t ¢n (tirr) . NB(tcnt _tirr) . dtcm (2 5 24)
y J‘tf: ¢n (tirr)'dtirr 0.
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Then, gathering the previous formulas we can obtain finally:
IDk (E;/): Y(E}/ ). g(E;f ) (tgrlzt _tlclft)' O-B : NA ) (Dn ) ﬂ’B ) I:k (B’ Bm ' ¢) (2525)

where: P, (E, ) is the E, peak area determined at the k™ gamma counting;

Y (E,) isthe yield (intensity) of the relevant gamma line with energy E_;
5(Ey) is the absolute peak efficiency of the gamma detector;

(t;ﬂ‘ —tfk”t) is the exposition of the k™ gamma counting;
o, Is the cross section of the reaction A(n, X)B;
N, is the number of A-nuclei in the sample;
@ is the neutron fluence accumulated by the sample;
A, is the decay constant of the B-nuclei;

F (B, B™, ¢) is the term responsible for non-ideality of the experiment. It is defined as:

jtgrdtirrj'tgm¢ (ti”) . efﬁg(tﬁmfli") 114 O-Bm - X‘Bm ) 6_ e(/leAB)(tEnxwf)) dtcnt
i g N Oy ﬂ’B” _ZB

F(B.B".¢)= (2.5.26)
(tzcEt _ c:t)' J;:" ¢n (tirr) . dtirr

The total algorithm of the activation cross-section determination described in the chapter (2.5)
has been implemented in a computer code that was used at the KRI experiments. It should be noted
that the algorithm described above is a generalization and includes many effects usually regarded as
corrections. This allows data processing in a standard way that enhances the productivity of set-up
and the reliability of results. Additionally, careful calculation of geometrical factors and detailed
measurement of detector characteristics allow experiments to be undertaken with “close"
geometries leading to optimization of the use of neutron flux generated by the Neutron Generator.

18
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2.6. Cross section uncertainties

Uncertainties of many parameters contribute to the total uncertainty of the measured cross-
section. The most important of them are as follows:

- decay data — (0.01% — 35%);

- area of y-peak — (1% — 40%);

- efficiency of y-detector — (1.2% — 1.5%);

- corrections for self-absorption and y-cascade summing — (0.01% — 8.5%);

- reference cross sections used for neutron fluence determination — (0.4% — 0.8%);
- sample mass — (0.01% — 0.1%);

- isotopic abundance — (0.01% — 7.5%).

The contribution of uncertainties of other parameters is small and can be neglected. The
total relative uncertainty of an individual cross section can be calculated in the standard way
assuming that the uncertainty contributors are independent.

In some cases, the Monte-Carlo method was used for the uncertainty calculation. For this,
the input parameters of the computer code that followed the formula (2.5.25) were considered as
random variables having normal distributions with dispersions correspondent to uncertainties of the
formula (2.5.25) parameters. Calculations were repeated for every new randomized set of the input
parameters many times. The dispersion of the calculation results was taken as the output parameter
uncertainty.

The Monte-Carlo procedure was used when the uncertainty contribution of the correction
factor FK(B, B”‘,¢) defined by the formula (2.5.26) could not be neglected. Also, this method was
used at calculations of isomeric ratios (sub-paragraph 2.7.2).

The Tables in Chapter 3 that contain the experimental data where a separate column was
reserved for the reference data uncertainties (Ao ) that are bound with the outer databases and are

ref

mainly independent on the experiment quality. The reference uncertainties were defined as:

)? +(AlL,,) +(AY,)? +(a, -ATy)z (2.6.1)

ref

Ao, = x/(Acs

NOTE! All the uncertainties in (2.6.1) are the relative uncertainties!

where  ACS  is the relative uncertainty of the reference cross section;
Al , is the relative uncertainty of the target isotope abundance;
AY, is the minimal relative uncertainty of the used gamma intensities;
AT% is the relative uncertainty of the half life of the reaction product;
a, is the correction factor responsible for the decay during irradiation, cooling and
gamma counting.
The last parameter ¢, is not easy to calculate exactly because the uncertainty arising during
decays is involved in the factor F, (B,Bm,(b) in a complicated form. The ¢, values used in

calculation of the reference data uncertainties are given in the text explicitly. The values lzpy, Y,
and Ty, used for ACS,s calculation are marked in the “decay data used” Tables by the bold font.
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2.7. Examples of special measurements

As previously noted this paper uses one page for one reaction data presentation. Sometimes,
the space reserved is not sufficient for a clear description of the experiment peculiarities. Some
specific methods used in the nonstandard or problematic situations are in detail considered in the
present chapter.

The main method of the activation cross section determination used in our work is tightly
bound with the measurement of the induced gamma activity. However, some reaction products do
not reveal themselves by emitting the gamma-rays that could be registered by the conventional
gamma detectors. Nevertheless, the corresponding cross sections can be measured sometimes. In
the next two sub-paragraphs, 2.7.1 and 2.7.2, methods are described that were applied to cross-
section determination for the reactions that do not produce the gamma emitting nuclides.

Another difficulty in the reaction cross-section determination can emerge in the situation
where the products of the different reactions have the common decay paths. An example of
resolving a similar problem is considered in sub-paragraph 2.7.3.

Modification of the set-up made for the adaptation of it to the measurement of short-lived
activities is described in subparagraph 2.7.4.

Additional details of the pioneer cross-section measurement carried out with the **Am, the
material of high radio-activity, are presented in sub-paragraph 2.7.5.

2.7.1. Determination of isomeric ratios using analysis of the decay curve shape

It was shown in the chapter 2.5 that two generations of the produced radioactive nuclei are
always considered at the cross-section calculation in our work. The time behavior of the induced
radioactivity is described then by:

It O.. ﬂ,m ~(Am—Ag)-
Ny =Ny (ty)-e | 1+ T St (e ) (25.22)

B B™ B

where the formula terms denoted by “B” are the parameters related to the assigned nuclide
produced at neutron irradiation immediately, and the terms denoted by “B™” are related to
the “mother” nuclide that produces the nuclide “B” in the decay process. It is significant that
the “mother” nuclide is also produced at neutron irradiation.

The unknown ratio Tor can be obtained from | 9]

GB Sample N4

the analysis of the decay curve shape described by the
formula (2.5.22). In Fig.2.7.1.1, it is illustrated the
work of the computer code that was written for
determination of this ratio, or more exactly, the value
that is more convenient to use, i.e. the Isomeric Ratio

(IR) that is defined as:

L -
=
L)

; TR = 0.572(6)
GBm :;

IR=_ 8" (2.7.1.1) ol - -
GB + O-Bm 10 Time (h)

30 10

Fig. 2.7.1.1. Screen copy of working computer
code that determines Isomeric Ratio (IR)
using the decay curve shape analysis.
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Interrelations between the cross-section ratio used in (2.5.22) and the isomeric ratio (2.7.1.1)
are easy and everybody can write these on one’s own.

It is worth emphasizing two important advantages of the IR determination described here.
Firstly, high accuracy of IR can be obtained since only the relative activity change is analyzed.
Consequently, many uncertainty sources such as the neutron monitor cross sections, sample mass,
isotope abundance, reference gamma intensity, gamma self absorption, gamma spectrometer
efficiency, etc. are excluded. Secondly, excitation cross-sections can be deduced for states which do
not emit measurable radiation.

Fig. 2.7.1.1 relates to the measurement of *®Ni(n, p)**™?Co cross sections. The metastable
state *®™Co populates the ground state **Co via the isomeric transition which is strongly converted
and cannot be registered by the gamma detector. The **"Co half-life is 9.10 h. The **Co half-life is
70.86 d, and it emits gamma rays 810.8 keVV with the probability 99.45%. The gamma-line is
observable well. The change of the 810.8 keV count rate was used for analysis.

The best isomeric ratio was deduced in a
computer code by the least squares method. For the
" e |1 IR uncertainty determination, the Monte-Carlo
1 method was applied where the input data were
{ varied inside own uncertainties that were suggested
] to have the normal distribution. In other words, the
IR value was repeatedly calculated thousands of
times with every new input parameter set that was
generated from the original one by random Gauss
1 scattering within own uncertainties of every input
{ parameter such as the gamma peak area, time of
gamma counting, half-lives of the metastable and
ground states, neutron irradiation intensity, time of
Fig. 2.7.1.2. Distribution of the IR values Irrad.la“on’ etc. Then’.the set of Fhe IR values
calculated with different input sets obtained was treated in a conventional way for
varied within own uncertainties. determination of the average IR value and its
IR=0.547(5) dispersion. The work of the computer code is

illustrated by Fig. 2.7.1.2.

The described method of the isomeric ratio determination was developed for studying the
*Ni(n, p)>®™9Co and *°Co(n, 2n)**™9Co reactions but was extended later to other similar situations.

0.45 T T T T T
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0.30 |-

0.25 -
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0.15 -

Probability Density

0.10 |-

0.05 |-

0.00 L L L
0.536 0.540 0.544 0.548 0.552 0.556 0.560

Best Isomeric Ratio

2.7.2. Isomeric ratio measurement using f-particles registered by y-detector

It was shown in the previous sub-paragraph that the isomeric ratio can be obtained from the
analysis of the decay curve shape. The method has the important advantage because it does not
require the complicated absolute calibrations, calculation of numerous corrections but needs only
the high registration stability of the parameter the count rate change of which is measured. This
parameter could be, for example, the B-particle intensity.

Really, the B-particles with the energy more than approximately 0.5 MeV go free through
the thin entrance window and are directly registered by the HPGe detector we used. The problem
was to separate the signals produced by original B-particles from those generated by Compton- and
other electrons in the gamma detector. The reaction **Nb(n, a))*®™®Y proved to have the appropriate
properties for the considered method application.

Firstly, there are only few reactions that produce considerable radiation in the niobium
samples irradiated by neutrons. These reactions are **Nb(n, 2n)**"Nb (T, = 10.15d),
BNb(n, 0)™™Y (T, = 0.133 d) and *Nb(n, a)*®Y (T1; = 2.67 d). Secondly, the B-particles of the
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%9y _decay have the high end-point energy of 2280 keV. Thirdly, the main part of gamma radiation
emitted by irradiated niobium has the lower energy (E, < 480 keV for ™Y, E, < 950 keV for *™Nb
and no gammas for %%Y).

Hence, the detector pulse height region (950 keV<E<1460 keV) is favorable for
determination of the [-particle contribution. The region is limited from the left by the most
intensive gamma-rays of the reaction products, and from the right by the prominent gamma-rays of
the background.

Unfortunately, the chosen range of interest does not contain exclusively the unchangeably
background and the changeably B-particle contribution. The **"Nb 1847.5 keV weak gamma-rays
that have the intensity 0.85% per decay are admixed to this region also. It was necessary to take into
account their changeable contribution as well.

For this, every niobium sample irradiated by neutrons was counted many times during
several days after irradiation. A special computer code was created that divided the measured pulse
height spectra into the components that have different time behavior. Three constituents were
searched for: the background (unchanged in time), production of the ®*"Nb decay (Tu, = 10.15 d)
and production of the *®Y decay (T, = 2.671 d). The dividing procedure was applied to the spectra
with cooling time more than 2 days.

The three separated components of the total pulse height spectra obtained in such a way are
shown in Fig. 2.7.2.1. The component intensities are normed to the two day cooling time. Also, the
detector response functions emulated by MCNP are presented in Fig. 2.7.2.1. These were calculated
for the B-particles of °9Y and for the 1847.5 keV gamma rays of *™Nb.

5 — M ¥—————¥———F——F—— 71— —1———————

| o My T,,=2.671d
l & “"™Nb T,=10.15d
l ®  Background T, ,>>10d

4= H H + %%y MCNP for p-responce
A i + —— ®™Nb MCNP for 1847 keV gamma

Count Rate

- '.---.'.--.-..-....... '._.___.. - - } J

0
950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450

Gamma Energy [keV]

Fig. 2.7.2.1. Three pulse-height distribution components that have the different time behavior. Component points were
extracted from the spectra counted for the Nb sample in the time interval of 2 — 10 days after irradiation.
The solid lines are the corresponding response functions calculated by MCNP.

As it is seen in Fig. 2.7.2.1, the components extracted from the experimental spectra and the
response functions calculated by MCNP are in a good agreement. Even the single-escape peak at
E, = 1336 keV is equally reproduced in both amplitude distributions of the *Nb constituent. A
close match between the pulse height distributions extracted from the experimental spectra using a
priory information on the expected time behavior of the spectra components and the detector
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response functions to the corresponding radiations calculated by MCNP can be considered as an
additional evidence for the correctness of the separation procedure we used.

So, if from the total number of pulses counted in the region 960 keV — 1450 keV are
subtracted the number of background events and the number of events produced in **"Nb decay
then the rest amount should be proportional to the number of B-particles emitted in the *°Y-decay.

The background was measured with high accuracy earlier (Fig. 2.4.1 on p.10). Long gamma
counting made for every sample after 12 — 16 days after irradiation (when **Y decayed) allowed
the experimental determination of the “"Nb contribution in the region of interest. For further
applications, it was linked to the intensity of the main gamma peak of **"Nb with the energy of
934.4 keV. The result was also confirmed by MCNP calculations.

Fig. 2.7.2.2 demonstrates an example of the time behavior of the *®®Y beta radiation intensity
measured by the method described above (red points). The red solid line corresponds to the
calculated decay curve of *9Y (Ty, = 64.10 h) that have “a mother”, ™Y (Ty, = 3.244 h) produced
with the probability that corresponds to the isomeric ratio value IR=0.43.

Simultaneously, areas of several gamma peaks were determined in the spectra measured by
the same detector. For completeness, the changing of count rates of the 934.4 keV peak of **™Nb,
the 479.5 keV peak of ™Y and the 1461.0 keV background peak are given in Fig. 2.7.2.2 also.
Solid lines show the corresponding decay curves.
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I 1 & ¥ . &
1.0 T T % T %
® E=1461.0 keV (“K)
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Fig. 2.7.2.2. Measured and calculated decay curves obtained for the Nb sample irradiated by neutrons of 14.86 MeV.

The isomeric ratio for reaction **Nb(n, )*®™Y was determined as the best fit of the curve
produced by formula (2.5.22) (solid red line) to the experimental points (red circles) that are the
relative intensities of B-particles counted by the HPGe detector. For more detail see previous sub-
paragraph, where isomeric ratio determination using the analysis of the decay curve is described.
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The experimental results of the **Nb(n, «)®*®™Y cross sections are presented in p. 94-95.
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2.7.3. Cross section separation for reactions that result in the common product

The problem is considered via the example of *°V(n, o)*’Sc and *V/(n, n’o))*’Sc reactions.

A very low abundance of *°V (0.25%) in natural vanadium made it necessary to purchase an
enriched sample. The sample used in the work had an enrichment of 17% for *°V. It was quite
enough for reliable measuring the *°V(n, n’a))*®Sc cross section but for the *°V(n, a)*’Sc cross
section the contribution of the *V/(n, n’)*’Sc reaction could not be ignored. To solve the problem,
a sample of natural abundance was included in the assembly, back-to-back to the enriched sample.

The summarized cross-section of the *’Sc production in vanadium (o, ) was exclusively measured
for both samples. The individual values of the cross sections *V(n, a)*’Sc ( o, ) and
*'V(n, n’a)*'Sc (o,) were determined as a solution of the system of two equations with two
variables:

Oy Voo + Oy, - Ve, = Oy (2.7.3.1)

Oy Vey + 05, "VE, = 0O, (2.7.3.2)

vi, and vi, —are shares of isotopes *°V and *'V in vanadium of the first sample;
vZ, and v, — are shares of isotopes *°V and *'V in vanadium of the second sample;
is the summarized cross section (V(n, x)*'Sc) obtained for the first sample;

o2 is the summarized cross section (V(n, x)*’Sc) obtained for the second sample.

where

The solution of the equation system is well known:

1 2 2 1
o, Vo, — 0.V
o,= 2t -V 5 (2.7.3.3)

50 1 2 2 1
Voo - Vg = Vg * Vs,

2 1 1,2

o, V.,—0o, -V,

P TV R (2.7.3.4)
Voo "V, =V - Vs,

If we recollect that v, +v;, =1 and v +VvZ =1 then the view of the equation
system solution can be simplified:

) 2 1
_ 0Oy V5, =0y Vg,

Oy = 2 1 (2.7.3.5)
Vi, — Vg,
2 1 1,2
o, 'V.,,—o, -V
O =15 (2.7.3.6)
Vs = Vs

The experimental results of the *°V(n, )*’Sc and *V/(n, n’a)*'Sc cross sections are
presented in p. 43-44.

2.7.4. Measurement of short lived reaction products

To extend the region of nuclear reaction cross-sections measured at KRI to the reactions that
generate short-lived nuclei, the set-up was modified. A system of quick sample transportation from
the measuring room to the neutron target and back was designed, made, and tested in experimental
conditions. The time needed for transportation of the sample to the neutron target or to the gamma
detector was about 2 s. The sample arrival and departure moments were determined by means of
two sensor units which were connected with a computer via a CAMAC module. Time uncertainties
of sample irradiation and gamma counting were estimated to be less than 0.5 s.
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2.7.5. Measurement of 2*1Am cross sections

Conversion and utilization of long-lived radioactive products and, especially, actinide
elements are among the most important problems of nuclear industry. Given the significance of this
issue, experimental data on nuclear cross-sections are scanty or often nonexistent in this field.

In this chapter, one of the first successful attempts for measuring neutron cross-sections on
2'Am is described. These measurements were very difficult from the experimental point of view.
For example, the natural gamma activity of a >:Am sample used was about 10® Bq but the induced
gamma activity of the most probable (n, 2n) reaction product was expected to be of order of
100 Bqg. Other reactions that were planned to measure were yet less probable. Additionally, some
relevant gamma peaks could be masked by the numerous gamma peaks generated by fission
fragments.

The first problem to resolve was the
suppression of intensive natural gamma
radiation of americium samples. For this
purpose, a leaden container with the 5 mm : ]_t°ﬂ°“
walls was used from the beginning. This was Pb
later changed to a cadmium screen because
the gamma absorption in cadmium dependes Am
more steeply on gamma energy near Cd

l

100 keV, and this provides a higher
registration efficiency for the cadmium
absorber in the region of 100-300 keV at the
equivalent suppression of 60 keV gamma
radiation. E

The second problem was the container
had to be sealed absolutely reliably for Gamma Detector
neutron irradiation and gamma counting but
could be easily unpacked for radiochemical
cleaning of the samples in order to provide Fig. 2.7.5.1. Geometry for gamma counting. The thickness of
repeated use of a very expensive material and cadmium gbsorber was 3.5 mm. The lead tube was
its final return to a host laboratory. The used to shle_ld_the gamma-detector from scattered
container and the near-detector arrangement gamma-radiation.
are shown in Fig. 2.7.5.1.

The third problem was detector calibration. To determine the efficiency for gamma counting
with the lead container used at the beginning of experiment, we carried out measurements for a
%2MNb sample with a well determined activity which was placed inside the container in the position
of the geometric center of the Am sample. Since the gamma radiation energies of “™Nb and 2*°Am,
the product of *Am(n, 2n)**°Am reaction, are near, any corrections for the efficiency registration
difference were small. In particular, the difference in absorption of gamma rays with energies of
934.2 keV (**™Nb) and 987.8 keV (**°Am) by the lead container bottom was -1.8%; the difference
in gamma counting efficiency without the container was +5.3%. The efficiency difference related to
the form of samples and self-absorption was -0.5%. Thus, the total difference in gamma counting
efficiency of 934.2 keV (**"Nb) and 987.8 keV (**Am) was only 4.0%.

The dependence of gamma radiation attenuation values on the cadmium absorber thickness in
the geometry presented in Fig. 2.7.5.1 was determined experimentally using a kit of three standard
gamma sources (**Am, ®°Cd and '**Eu) which were placed in the position of the studied
americium sample. The absorption values measured experimentally were compared with those
calculated by the simple formula:
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C=e* (2.7.5.1) -

2.4}

where C is the attenuation value; -k
L is the attenuation coefficient, [mg/cm?®]™* S

d is the absorber thickness, [mg/cm?] -

The comparison results are shown in \
Fig. 2.7.5.2 where it is seen that the simple formula
(2.7.5.1) describes the real gamma ray attenuation i E‘E
rather well at energies above 200 keV that cover the i Sl At A
whole region of interest in the experiment on the B AT E—
neutron induced activation cross-section E. keV
measurement for *Am. The deficit of the !
calculated attenuation values at lower gamma Fig. 2.7.5.2. Ratio of the measured gamma ray
energies appears to be associated with the oblique attenuation to the calculated one in

. . . dependence on gamma energy. The
tracks that become important in this case. cadmium absorber thickness is 3.5 mm.

The main part of the natural gamma radiation
of *!Am that has the energy 60 keV and less, was reliably suppressed by the constructions
described above. However, some gamma-rays associated the with natural radioactive decay having
higher energies and the intensities of order of 10 per decay were clearly observed in the gamma
spectra counted with a non-irradiated americium sample. An example of such spectrum is shown in
Fig. 2.7.5.3.

1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1 ' 1
10 241 . . .
Am before irradiation

©
a
[

0.01 |-

Count Rate [s 'keV']

1E-3 b=

1E-4 M 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Gamma Ray Energy [keV]

Fig. 2.7.5.3. Gamma spectrum of a non-irradiated Am-sample counted by the HPGe detector shielded from low-energy
gamma radiation with cadmium absorber of 3.5 mm thickness.

The additional background gamma radiation shown in Fig. 2.7.5.3 has not only a negative but
also a positive role because energies and intensities of the gamma rays that accompany the **Am
natural decay are well known. The inclusion of the corresponding information into the process of
the gamma detector efficiency calibration made the data on efficiency more accurate and reliable.
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Besides, the absolute intensity values of the **Am natural gammas can be used for the
determination of the sample mass.

The samples were prepared from an aqueous solution or from americium nitrate. The
dimensions of the volume filled with the solution or americium nitrate varied between 8 and 16 mm
in diameter and between 1.0 and 3.5 mm in height. Two standard niobium foils used for the neutron
fluence determination, were fastened to the front and back surfaces of the inner container
(Fig. 2.7.5.1).

The samples were of high purity. According to the certificate, the total concentration of alien
fissile elements in the samples did not exceed 0.1%. However, for the present experiment, isotopic
purity requirements were much higher. The stringent limitations concerned the possible admixture
of the other americium isotopes, “*"Am and ***Am, because the products of their natural decay
emit the same gamma rays as >°Am and *®Np, the products of **Am(n, 3n)**Am and
2Am(n, a)**Np reactions. The available experimental conditions (neutron flux, duration of
irradiation and gamma counting) determined an upper limit on permissible admixture of other
americium isotopes as 107 g/g. To make sure that the samples meet such conditions, a long gamma
counting was carried out with the freshly prepared sample. No traces of other americium isotopes
were revealed in the accumulated gamma spectra. The upper limit of possible content of ***"Am
and 2*Am isotopes in the samples was estimated as less than 107 g/g.

For determination of neutron induced activation cross-sections, six irradiations were carried
out with nine Am-samples. Typically, the irradiations lasted from 1 to 17 hours, and the total
fluence accumulated by samples varied from (1 to 10)%10" n/cm?.

The gamma spectra of the irradiated samples were found to be very complex. They contained
hundreds of gamma peaks, most of which belonged to the fission fragments. In order to increase the
peak identification reliability, the peak half-lives were also analyzed. For this, every irradiated
sample was counted several times during 200 h after irradiation.

For the **Am(n, 2n)***Am reaction,
two gamma peaks were to be observed: — T T T 1
E,1=987.8keV and 1,=72.2%, and [
E,»,=888.9 keV and 1,,=24.7%. These peaks
were revealed in the spectra, where their 1k
intensity ratio corresponded to the values '
given above, and their half lives were equal
to 50.8 h which coincides with the half life
of ?°Am. (Fig.2.7.5.4). Therefore, the
2 Am(n, 2n)***Am cross sections could be
reliably calculated using the standard
procedures without any complications. The
data obtained is presented on p. 273 of this
paper. 01}

For the 2Am(n, 3n)*°Am cross L
section measurement, the experimental 0 40 80 120 160 200
conditions were more sophisticated than for Cooling Time [h]
the reaction considered above. There were
m‘?‘”y faa_ors that ConFrIPUted to making Fig. 2.7.5.4. Decay curves for the gamma rays 888.9 keV and
this experiment more difficult, such as the 987.8 keV that were identified as the *Am decay
smaller cross section, the smaller intensities gammas.
of the Am gamma radiation; the lower
energies of the gamma rays emitted, the
higher background level in this region of

E =987.8 keV

E =888.9 keV

Count Rate [s'1]
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gamma spectra. In addition, the interference probability with some gamma rays of the ***Am natural
decay or with some gammas of the numerous fission fragments is higher. These factors arose in

reality during the experiment.

239

277.60 keV “"Am 11.9h

278.04 keV *'Am 4326y

Count Rate [s™"]

01F

60
Cooling Time [h]

Fig. 2.7.5.5. Decay curves for the gamma rays with energies
close to 277.6 keV. The magenta solid line
corresponds to the 2°Am decay gammas.

The **Am(n, )*®Np cross-section was
most difficult for measuring because of its small
magnitude that was expected to be of order of
1 mb. Remember that the fission cross section at
neutron energy 14 MeV is about 2500 mb. Using
tables of evaluated cumulative fission fragment
yields one can estimate that more than 300 fission
fragments are produced with the cross-section of
10 mb or higher at neutron irradiation of ***Am.
Really, several hundreds of gamma peaks were
revealed during processing of gamma spectra of
irradiated americium samples. Most of them were
identified as fission fragment gamma rays.

The best region for observation of the **Np
decay gamma radiation proved to be the region
around E,=1028.5 keV that is shown in
Fig. 2.7.5.6. There are not observed any intensive
gamma peaks that could mask a very weak
radiation of the **Am(n, «)***Np reaction. In
Fig. 2.7.5.6, the range (1028.5t1.5) keV where

29
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Three candidates were selected
for 2°Am radiation identification:

E,1=226.4 keV and 1,1=3.3%;
E,»=228.2 keV and 1,,=11.3%;
Es=277.6 keV and 1,3=15.0%.

The first two candidates proved
to be totally masked by very intensive
gamma radiation of the ***Te with
E,=228.2 keV and Ty, =3.20 d.

The third candidate was also not
simple. The decay curve for gamma
radiation with the appropriate energy
could not be approximated by the
straight line in the logarithmic scale
as was done for gamma rays of the
Am(n, 2n)*®Am  reaction. The
studied decay curve consists of three
contributions (shown in Fig. 2.7.5.5).
Happily, half-lives of the contributors
are very different, and the component
related to the **Am(n, 3n)*°Am
reaction was determined without
significant additional uncertainty. The
cross-section data obtained are
presented on p.272.
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Fig. 2.7.5.6. Fragment of the gamma spectrum in the

vicinity of E, = 1028.5 keV that was expected in
the Z8Nip decay. Gamma counting was started at

60 h after irradiation and was carried out during
1NN h
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one of the biggest gamma peaks of *®*Np was to be observed is marked out by the dashed lines.
Since no peak can be detected there the region between the dashed lines was interpreted as the
background. The possible 1028.5 keV peak area was set as being less than 3 background statistical
uncertainties that resulted in the upper limit of the ***Am(n, )>*®Np cross section presented on
p.271.

A significant volume of information about the fission fragmens was obtained in this
experiment as a byproduct of the irradiations. Since we had about two hundred decay curves for
different gamma peaks obtained during eight days after irradiation, we were able to identify many
gamma peaks belonging to fission fragments. Some examples of these decay curves are presented in
Fig. 2.7.5.7 together with the identification results.
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Fig. 2.7.5.7. Several decay curves of nuclides identified as fission fragments of 2! Am irradiated by neutrons.

It can be noted that some curves have a shape which is inherent to nuclide chains. These
figures are correspondingly marked.

About twenty fission fragment yields were also obtained in the data processing. However, the
fission data was considered as a byproduct of the main experiment on the 2*:Am(n, 2n)**°Am,
2 Am(n, 3n)*Am and ***Am(n, 0)***Np cross section measurement and therefore is not included
in the present paper.
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3. EXPERIMENTAL RESULTS

The experimental data obtained at KRI Neutron Generator NG-400 in neutron energy region
13.4 — 14.9 MeV are presented in the following pages. As discussed earlier a format showing “one
reaction on one page” was chosen for the data presentation. The page structure is as follows:

Reaction name is in the page header.

A Table with experimental results is placed in the top left of the page. The Table consists of
four columns: the neutron energy (E, [MeV]), the reaction cross-section (¢ [mb]), the cross-section

total uncertainty (zAGiot [%]) and the cross-section reference uncertainty (+AG s [%]). The last
column data is the uncertainty contributed by the reference data used for the cross-section

calculation. A rule of Ac s calculation is previously described on p. 19. The correction factor oy

used in AGyf calculation is given in the last line of the Table. This line contains also an indication
of the reference cross-section used.

To the right of the Table, a Figure is allocated where the present data are compared with
results of other experiments and with available evaluations.

Under the Table and Figure, necessary comments and explanations are given to the
experimental results presented.

Reference decay data used for the cross-section calculation is in the table at the page bottom.
This includes the half-life of the reaction product, the energy and intensity of the gamma-lines used
during data processing. The target isotop abundance used is given in this table too.

In addition, a picture showing the decay scheme of the nuclides related to studied reaction is
placed near the table with the reference decay data. The picture is a copy fragment of relevant
schemes presented in the Handbook “Tables of Isotopes” by Richard B. Firestone issued in 1996
[25]. Note that the half-life values presented in the picture may differ from the half-life values
presented in the table with the reference decay data. The difference reflects the progress in Nuclear
Structure Data that has happened over the last twenty years. It should be underlined that the
latest decay data given in the table at the page bottom were used in the process of the cross
section calculation.
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“Na(n, 2n)*Na

23 22
Na(n,2n)“Na
23Na(n,2n)22Na S A I B B B R R E——— l T ]
En (&) #AOtotal | 2AO0vef 60 | :;ggig%oo J .
[MeV] | [mb] [%] (o] | | =
13.56 4.58 211 0.600 = R fgfiu”zwﬁi“h?ﬁ’; / 4
1374 | 9.83 9.95 | 0.599 E oLl s 1
* '7zé.N.MaI2;v:fz+ s L
13.96 14.1 7.78 0.570 2 5 soRCow ¢
S || f s
14.19 21.9 6.76 0.554 VOl i IR T 1
[72)
o
14.42 | 298 626 | 0558 Sl )
14.61 32.3 5.13 0.573
14.78 37.7 4.39 0573 or }
Ref. CS is ®Nb(n,2n)*?"Nb; ¢y =1.1 = ...
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
3+ 26019y
K 22
ec 11Na
O+
22Ne
Decay data used for ~ ?*Na(n,2n)**Na. 10
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
“Na 100 NaCl *Na 2.6018y 22 12745 99.940 14
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“Mg(n, a)*Ne

26Mg(n,a)23Ne 100
90
En o #AOtotal | 2AOref %
[MeV] [mb] [%] (%]
1372 | 527 5.08 4.03 =
1395 | 530 | 638 | 403 | =
o
14.23 51.9 452 4.02 g
D 4o | |—Enormanis -
1450 491 774 401 % | —EE:LZ)SW '—.—<
O L) Present{[i);la
14.72 55.9 5.48 4,01 S 0|5 Eagmer 7
1485 | 513 | 413 4.02 |3 | )
Ref.CS is ZAl(n, a)*Na; ay=1.9 101 | & mrem ]
013.0 . 13.2 . 134 13.6 . 13.8 14.0 14.2 . 14.4 14.6 . 14.8 15.0
Neutron Energy [MeV]
5/t 37.24 s
23N A
10Ne B-
3/2+
Decay data used for  2*Mg(n,o)**Ne. 23Na
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
Mg 11.01 3 Mg-metal “Ne 37.24s 12 440.0 33.0 13
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27A|(n, p)27Mg

ZTAl(n,p)*" Mg

En o 4AOtotal | #AOref
[MeV] [mb] [%] (%]
13.47 79.7 2.03 0.830
13.66 74.6 2.00 0.576
13.88 76.6 1.97 0.545
14.04 71.8 2.09 0.514
14.26 71.0 1.94 0.472
14.44 72.0 1.90 0.443
14.63 67.1 2.07 0.451
14.81 64.0 1.94 0.490

Ref.CS is ZAl(n, 0)*Na; oy=1.8
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78 R A Jarjis
© 78 TB.Ryves+
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® 67 J.MFerguson+
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10 || @ 57sYasumi i
'53 E.B.Paul+
'52 5.G.Forbes
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13.0 13.2 13.4 13.6 13.8 14.0

Neutron Energy [MeV]

14.2 14.4 14.6 14.8

15.0

12t 9458 m
2
12Mg gt
5/2+
Decay data used for  2’Al(n,p)*’Mg. 27Al
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [26]
27 27 843.8 71.80 2
Al 100 Al-metal Mg 9458 m 12 10145 28.00 2
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2TAl(n, 2n)*2Al

2TAl(n,2n)?Al

En ) #AOtotal | 2AOret
[MeV] [mb] [%] (%]
13.68 0.15 66.7 0.592
13.74 0.55 18.1 0.591
13.87 3.12 12.8 0.561
14.07 6.73 7.35 0.546
14.29 12.5 6.26 0.543
14.48 18.5 6.91 0.550
14.70 25.0 5.06 0.565
14.84 30.9 5.75 0.589
Ref. CS is *Nb(n,2n)**"Nb; ¢ =1.0

Cross Section [mb]

50

ZAl(n,2n)* Al

*4yome

TENDL-2014
—— ENDF/B-VII.1

EAF-2010
—— JENDL-4.0
40 | —— CENDL-3.1
Present Data
'03 A.Wallner+
'00 F.Sudbrock+
'96 Y.lkeda+
'88 S.lwasaki+
'87 M.Sasao+
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Neutron Energy [MeV]

The aluminum samples were irradiated at KRI, and the accumulated neutron fluence was
determined using KRI methods. A very long half-life of Al made the gamma counting of the
irradiated aluminum samples ineffective. It was not done. The gamma-ray energy and intensity
given in the table at the page bottom are presented for the sake of information completeness but
were not used in this experiment.

The amount of %Al produced during the irradiations was measured via accelerator mass
spectrometry (AMS) with the Vienna Environmental Research Accelerator (VERA) in the frame of
IRK-KRI collaboration.

More exhaustively, the experiment on the 2’Al(n,2n)**Al cross section measurement is
described in [5].

EC)/$$-3°Z 6.3452 s
— 5
T 7.4x105 y
EC 13
0+
26Mg
Decay data used for  2’Al(n,2n)?*Al. 12
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [26]
&\ 100 Al-metal 2Al 7.17-10°y 24 1808.7 99.76 4
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%Si(n, p)”Al

283i(n,p)®Al
En o #AOtotal | 2AOref
[MeV] [mb] [%] [%]
13.47 269 4.02 0.813 =
E PO [ .
13.88 | 283 455 | 0520 =
R I i
[0 = '07 W.Mannhart+
(D A '98 Y .Kasugai+
14.26 270 435 0.443 2 | |: SlEE. i
e X ) Comare
14.63 264 4.10 0.420 O oL |5 mersumer: i
14.81 220 6.27 0.462 NRER 1
Ref. CS is 27A|(n, (X,)24Na, oy = 1.8 0 N I 1 | [ | [ [ |
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
3+ 2.2414 m
28 4
O+
28 28 ZBSi
Decay data used for Si(n,p)-°Al. 14
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product 2 [keV] [%6]
%gj 92.223 19 Si-crystal 2Al 2.245m 2 1779.0 100
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2Si(n, 2p)**Mg

2Si(n,2p)**Mg

= () +AGiotal
[MeV] [mb] [%0]
14.80 <1.5.10* 33.3

Ref. CS is ®*Nb(n,2n)**"Nb

Cross Section [mb]

TENDL-2014
0.1 3 EAF-2010
E v Present Data

= 63 E.T Bramiitt+
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14.0

14.2 14.4
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No peaks were revealed in gamma spectra of irradiated silicon samples that could be
identified as peaks belonging to *®Mg. Therefore, only the upper limit of the Si(n,2p)*®Mg cross
section was obtained that was set to be equal to three background uncertainties calculated for
regions of the expected gamma peaks.

ot 2091h
%gMg ﬁ‘f 3+ 2.2414m
28A1 g
L
Decay data used for ~ 2°Si(n,2p)**Mg. 1491
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
400.6 35.9 10
o _ ” 941.7 36.3 10
Si 4.685 8 Si-crystal Mg 20.915h 9
1342.2 54.0 16
1779.0 100
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%Si(n, a)*'Mg

0 . *Si(n,a)*’Mg
Sl(n,O(.) Mg 110 I T T T T T T T T T T T T T T T .‘ j
100 |- >
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) 27
Decay data used for ~ *°Si(n,a)*’Mg. 13Al
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%0]
. . 843.8 71.80 2
30 27
Si 3.092 11 Si-crystal M 9.458 m 12
y g 10145 28.20 2
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FK(n, 2n)**K

*K(n,2n)**K
— :

39K(n,2n)389K 8 T T
b
En © | #4000t | #40ref Dol
[MeV] [mb] [%] [%] o L |+ mavameee
13.48 | 0.034 44.1 0.872 = i
S5 | ‘67AP:§:S;em
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o '61 LA. 'Ra:t;::: "
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(7p]
14.07 1.39 108 0.582 o sl
o
14.27 2.50 5.12 0.544 5
2 =
14.46 3.11 5.10 0.519
14.66 455 5.44 0.526 T
14.85 5.35 5.48 0.561 0 L
13.0 13.2 134
Ref.CS is ZAl(n, a)*Na; ay=1.5

13.6 13.8

Neutron Energy [MeV]

14.0 14.2

14.4 14.6 14.8 15.0

EC, S—122 9239 ms
7.636 m
) 38
ec 19K
L
39 389 38Ar
Decay data used for K(n,2n)**K. 18
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
¥K 93.2581 44 KNO; K 7.636 m 18 2167.5 99.858 13
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1K (n, )*Cl

" “K(n,a)*Cl
41K(n,0(.)38C| T T T T T T T T T T T T T T T
44 | -
[ T T
En o #AOtotal | 2AOret 40 |- I T o« T ‘ .
[Mevl | [mb] | [%] %] of . ; L 1 AR i
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Ref.CS is ZAl(n, 0)*Na; oy=1.5 Neutron Energy [MeV]
- &
2_ < 671_36(1) 715 ms
i 37.24 m
38C| 4
17 B-
O+
3SAr
Decay data used for  “*K(n,a)**Cl. 18
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%0]
1642.4 333 7
a 38
K 6.7302 44 KNO Cl 37.24m 5
: 2167.5 44.4 9
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41K(n, p)41Ar

41 41
K(n,p) Ar
41K(n,p)41Ar T T T T T | E—— T
60 |- L T ]
- A é <
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Ref.CS is ZAl(n, 0)*Na; oy=1.8 Neutron Energy [MeV]
7/2-  109.34 m
41
18Ar B-
3/2+
41
Decay data used for ~ *'K(n,p)*Ar. 19K
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
MK 6.7302 44 KNO; “Ar 109.61 m 4 1293.6 99.16 2
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*%V/(n, na)*°Sc

*V(n,na)*Sc
0.7 T T

T T T T T T T T T
*%V/(n,no)*®Sc [ e
L
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[MeV] [mb] [%] [%] o5 r
a L
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0.1 |-
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0.0 " 1 L 1 s | 1
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Two samples enriched with V-50 were used. The total mass of V-50 in the samples was 6.94 mg.

- K
1 42628 o e
Lvﬁogg, 79 d
463 C '
21 p-
Q_2366.7
Q. 1376.3 0+
49Ti
Decay data used for ~ *°V(n,ne)*°Sc. 22
Target Abundance | Chemical | Reaction T E, Yy
nucleus [%)] form product vz [keV] [20]
5 . " 889.3 99.984 1

" - refer to samples enriched with V-50
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%V(n, a)*'Sc

45

v(n,)*'Sc

40 - EAF-2010

TENDL-2014
—— ENDF/B-VII.1

—— ROSFOND-2010|

En (e} #AOtotal | +AOvef %
[MeV] [mb] [%0] [%] wl
E
13.65 34.2 3.62 1.77 s =l
S
8 20 -
14.82 40.3 381 1.77 g
o
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.1 or

0 M 1

13.0 13.2

13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

The *°V abundance in the natural vanadium is only 0.25%. Samples enriched with *°V to
17% were purchased for this experiment. Gamma counting of the irradiated samples provided the
determination of amount of *’Sc nuclei but could not divide the contributions of *°V(n,a)*'Sc and
*lV(n,n’a)*'Sc reactions both of which were responsible for *’Sc production. To resolve the
problem, a second sample with a natural mixture of two vanadium isotopes was irradiated
simultaneously. In more detail, the separation method of the *°V(n,a)*'Sc and the **V(n,n’o)*'Sc
cross-sections is described on p.25.

7i2- 3.345d
41Sc g
21 B~
5/2-
47
Decay data used for  *V(n,a)*'Sc. 2211
Target Abundance | Chemical | Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
"17.0 1 (sep) V05
v *'sc 3.3492d 6
0.250 4 (nat) | V-metal 159.4 08.3 4

" -refer to samples enriched with V-50
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*V/(n, na)*'Sc

*v/(n,na)*’Sc
En ¢} #AOCtotal | FAOvef
[MeV] [mb] [%] (%]
13.65 | 0.007 95.3 1.77
14.82 | 0.024 375 1.77
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.1

Cross Section [mb]

0.12
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14.0 14.2
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The contribution of the *®V/(n,a)*’Sc reaction considered in the previous page was deduced
by the method described on p.25.

7o 3.345d

47 4
5/2-
Decay data used for ~ **V(n,na)*’Sc. ST
Target Abundance | Chemical | Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
5 99.750 4 (nat) | V-metal 7
v Sc 3.3492d 6 159.4 68.3 4
83.0 1 (sep) V,05
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*V(n, a)*Sc

51V(n,(x.)4880 ’;Lg‘l
|
e adins
En G | #AGiot | 2A0ef e
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1478 | 184 3.11 0.854 e |
14.82 18.6 241 0.870 0 1 1 N S E S E—— 1 L
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; az=1.1 Neutron Energy [MeV]
6+ 43.67h
48
O+
51 48 43T
Decay data used for V(n,o)™ Sc. 2211
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product 2 [keV] [2%6]
983.5 100.1 6
Sy 99.750 4 V-metal “sc 43.67h 9 1037.5 97.6 7
1312.1 100.1 7
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*Mn(n, a)*2V

®Mn(n,a)*V
55M n(n Q)SZV 36 T T T T 1 T kl? T %z
32 | l -
En (o) #AOtotal | 2AO0ref - i ‘
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A o o O iy
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o
13.88 22.8 431 1.50 g
% 6 TENDL-2014, T
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A e _—
14.26 22.9 4.23 1.48 o 3 Al
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1463 | 237 3.66 147 o |3 s :
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13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is ZAl(n, 0)*Na; oy =1.8 Neutron Energy [MeV]
3* 3.75m
52 R
23V
0+
52
Decay data used for  >*Mn(n,a)*V. 24Cr
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product v [keV] [%]
*Mn 100 KMnO, 2y 3.743m 5 1434.1 100.0 14
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>>Mn(n, 2n)>*Mn
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13.96 661 3.97 0.567 B = 13 Yantin ange
B r Rl
14.19 709 3.65 0.550 o 5 30 1Kimuras
g wof e
14.42 740 3.63 0.554 O 3 sne
14.61 764 3.37 0.569 =T i iy
14.78 786 3.42 0.569 100 [ Cgnem 1
.93 92 . _ PR | L. 1 1 L, 1 1 IR |
Ref' CS 1S Nb(n’zn) mNb’ ad - ll 0‘13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
3t 312.12d
K 54
Ec 2s5Mn
0+
54Cr
Decay data used for ~ >>Mn(n,2n)**Mn. 24
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product vz [keV] [%6]
*Mn 100 KMnO, *Mn 312.2d 2 834.8 99.976 1
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

**Fe(n, p)**Mn

*Fe(n,p)*Mn
54Fe(n,p)54Mn 500 —
En c #AOiota | +AOvef s % %
[MeV] [mb] [%] [%] i L1
13.56 389 5.53 0.603 =
TENDL-2014
1374 | 352 | 587 | os02 | = |=mn
§ | |y f T
13.96 328 6.01 0.573 5 — iDL %
& e
14.19 328 5.99 0.557 @ 2O | & whomen .
@
S She
14.42 315 5-58 0-561 (3 : jggbu‘:gjr;»‘l?m+
14.61 262 11.0 0.576 100 || & e .
1478 | 300 7.28 0.576 o Sean
.93 92 . _ IR TR SR R R SN R R |
REf' CS 1S Nb(n’zn) mNb’ ad - ll O13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

3 312124
¥ _ 54
EC 25MN
0+
54C
r
Decay data used for  **Fe(n,p)**Mn. 24
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
>Fe 5.845 35 Fe-metal *Mn 312.2d 2 834.8 99.976 1
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*°Fe(n, p)>**Mn

15.0

*®Fe(n,p)**Mn
En (o) #AOtotal | ZAOref
[MeV] [mb] [%] [%]
13.56 115.8 3.47 0.595 =
13.74 | 1161 357 0.593 E T |z ]
S O |—itomo .
13.96 112.6 1.85 0.564 B ol |7 R ]
14.19 114.0 191 0.548 @ sl |} et 1
(7] L '92 M.Belgaid+
14.42 | 1090 | 212 0.552 S O |7 B .
1461 | 105.9 1.89 0.567 VL |5 mratae ]
20| |5 mpere .
14.78 104.6 1.83 0.567 ol DG Sy
Ref. CS is ®Nb(n,2n)*"Nb; ay=1.4 0 L L L L L L L L L
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]
3+ 2.5785h
56
25Mn g-
C
56
Decay data used for  *®Fe(n,p)**Mn. 26Fe
Target Abundance | Chemical Reaction T E, \&
Nucleus [%6] form product v [keV] [%0]
846.8 99.85 3
*Fe 91.754 36 Fe-metal *Mn 2.5789h 1 1810.7 26.9 4
2113.1 142 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*"Fe(n, p)°'Mn

*Fe(n,p)*’Mn
57Fe(n’p)57Mn 140 [ T T T T T T T T T
180 I | ey )
En (@) L/'Agtota| lLAGref 120 _- :%ﬁiﬁb&a* ]
[Mev] | [mb] [%] [%] Bl ]
oo L1 Shnen I .
13.68 87.3 35.9 35.9 = oo [ | 5 Tosoles < 4« ]
g oopltame | el L 10T e ge
1395 818 36.2 35.9 ‘E‘ 80 |~ | © '61H.Pollehn+ @ lﬂk T -
ke [ _
14.23 85.0 359 35.9 3 [ ) Li
$ 60 e . . ——
14.50 87.2 36.3 35.9 @ o F : % e
o L 4
14.72 86.1 36.1 35.9 G wf .
1483 | 86.9 35.9 35.9 or ¢ ]
20 |- -
Ref.CS is ZAl(n, a)*Na; ay=1.7 10 ]
013.0 13.2 134 13.6 13.8 14.0 14.2 14.6 14.8 15.0
Neutron Energy [MeV]
The set-up for measurement of short-lived activities was used. (p.25).
52- 87.2s
57
1/2-
57
Decay data used >"Fe(n,p)®’Mn. 26Fe
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
122.1 14 5
57 57
Fe 2.119 10 Fe-metal Mn 85.4s 18
692.0 55 21
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Co(n, a)*°Mn

oo o5 *Co(n,a)*Mn
Co(n,a)”’Mn 35— ——————T— . T
1
En o #AOtotal | 2AOref :
[MeV] [mb] [%] (%]
25 = -
13.56 31.4 2.90 0.593 -
1374 | 313 241 | 0502 E ol [Emem i
o = ENDF/B-VII.1
13.96 319 2.89 0.563 § —ceNoLs
15 | ® '07 W.Mannhart+ -
1419 | 315 237 | 0547 ? L e
1442 | 319 230 | 0551 S ol | ¢ reme i
1461 | 315 2.34 0.566 S .,
1478 | 323 2.36 0.566 T | e s i
Ref. CS is *Nb(n,2n)”"Nb; oy =1.4 ol
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
3+ 25785h
56
25Mn -
0+
59 56 8Fe
Decay data used for Co(n,a)”"Mn. 26
Target Abundance | Chemical Reaction T E, Y,y
Nucleus [%6] form product v [keV] [%6]
846.8 99.85 3
*Co 100 Co-metal *Mn 2.5789h 1 1810.7 26.9 4
2113.1 14.2 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Co(n, p)>°Fe

¥Co(n,p)>Fe
En o #AOtotal | 2AOref
[MeV] [mb] [%] [%]
13.56 53.2 3.25 3.24 = 40
1374 | 528 3.28 3.24 E | oo
5 o Prosen bata
13.96 51.4 3.29 3.24 5 0| = oW .
(0] A '94 N.IMolla+
14.19 51.7 3.35 3.23 @ 2 e
Q o GBTE R i
1442 | 478 3.28 3.23 I ES
1461 | 462 3.25 3.24 T e
10 - 78 K.Fukuda+ —
14.78 475 3.25 3.24 . L
Ref. CS is 93Nb(n,2n)92m|\|b; oy=1.2 0 P TERPUN NI SRR SRR SRR P SR SR |
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
3/2-44.503 d
59
7/2-
59
Decay data used for ~ >°Co(n,p)*Fe. 27Co0
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%0]
1099.2 56.5 18
59 59
Co 100 Co-metal Fe 44.495d 9
1291.6 43.2 14
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Co(n, 2n)>*Co

*Co(n,2n)*Co
— :

*Co(n,2n)*®Co N '
En (¢} #AOiotal | £AO0vef 700 |
[MeV] [mb] [%] [%] ! = b . 1
600 |- %‘W L B v i
1356 593 3.40 0.601 = %/ T —EE’\[‘)[F);-BZ\?M ]
£ Tl e
13.74 635 3.17 0.600 ped A@L —most |7
o - = orwntamnars | T
13.96 666 3.64 0.571 ‘g 400 |- g GevsSemkouas | |
n 1 e S
o o 0L Tngyane
14.42 732 3.26 0.559 3] o Brem
200 |- @ 'en.\/v.er\(jl;dowsa» -
14.61 735 3.53 0.574 I ¥ 565 e
1478 740 3.40 0.574 100 * 20sKoou
] 93 92m . ~ . . . . . . . . - 65 A. PEU\ISeVH'
Ref. CS is “"Nb(n,2n)*"Nb; o =1.2 130 132 134 136 138 140 142 144 146 148 150

Neutron Energy [MeV]

A
5t 24889 o g
70.82d = 0
58Co
EC 27
0+
>8Fe
Decay data used for ~ *°Co(n,2n)*®Co. 26
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
*Co 100 Co-metal %Co 70.86d 6 810.8 99.450 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Co(n, 2n)**"Co

*Co(n,2n)**"Co

E, o) 2AOtotal
[MeV] [mb] [%]
13.56 390 3.92
13.74 416 3.69
13.96 436 4.08
14.19 440 4.03
14.42 477 3.77
14.61 479 4.05
14.78 481 3.98

Ref. CS is **Nb(n,2n)**"Nb

Cross Section [mb]

600

500

400

300

200

100

*Co(n,2n)*"Co

%*=ﬁ=@=~ﬁ%\ﬁ
| eahe— ]
Lrﬁf I
" : A
s i

AP rPe 0

TENDL-2014
EAF-2010
Present Data
'04 V.Semkova+
'96 S.Sudar+
'85 B.M.Bahal+
'84 M.Berrada
'82 A.Reggoug+
'66 M.Bormann+

13.0

132 134 136

13.8 140 142 144 146 148 150 152

Neutron Energy [MeV]

The *°Co(n,2n)*®™Co cross section was not measured directly but is the product of two other
values measured immediately, the **Co(n,2n)**Co cross section presented in the previous page and

the isomeric ratio, i.e. Gn/(Cm + Gy), that was determined from the analysis of the 810.8 keV
gamma decay curve. The method used for the isomeric ratio determination is described in detail
earlier (pp. 20-21). The obtained isomeric ratio values were approximated by the straight line:

IR=a(E,-Ey)+b

where a = -0.005+0.009 MeV*
b = 0.654+0.012
E, = 14.08 MeV

The straight line parameters were determined

by the least squares methods.

5+ S 24889

2+
70.82d
58
EC 27C0

0+
58
2¢Fe

9.15h
0

54

59Co(n,2n)5SCo Isomeric Ratio

0.7 =

E"‘ 04 | 4
o)
=g 03 | 4
o}
01 |- srae -
00130 13‘2 1(;4 13‘6 13‘8 14‘0 1;2 14:4 14‘6 1;8 15.0
Neutron Energy [MeV]
59 58m
Decay data used for **Co(n,2n)>*"Co.
Target | Reaction T E,
nucleus | product vz [keV]
®"Co | 9.10h 9 —
59C0
*Co | 70.86d 6| 810.8




A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Ni[(n, np) + (n, d)]’’Co

58 57
Ni(n,x)" Co
58Ni(n,X)57CO 800 — T T T T T T T T 7
700 = =
En (o) #AOtotal | +AOvef [ J
[Mevl | [mb] | [%] [%] ]
13.47 512 5.54 0.663 _ P
-g 500 i
13.56 540 4.89 0.626 = -
S iy
1364 551 3.82 0.626 g 400 b _EAszo .
3 -
13.74 574 2.59 0.624 wn — e Fo?ffgéﬂifw
0 300 f- 196 K.T.Osman+ -
13.88 565 5.57 0.596 8 i S i
13.96 | 593 2.85 0.597 © w0l DR |-
14.05 600 4.15 0.582 . Egsm\;‘:ga?at;zhom
100 | SonComan |
14.19 638 2.78 0.581 i b B WG gt
1428 638 402 0.579 0 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
14.42 656 4.91 0.585 Neutron Energy [MeV]
14.47 649 4.74 0.585
14.61 676 291 0.600
14.68 660 4.99 0.600
14.78 683 3.98 0.600
14.86 689 3.92 0.622
Ref. CS is ©Nb(n,2n)*"Nb; ay=1.2

The data was corrected for the contribution of the *®Ni(n,2n)*’Ni cross section.

32~ 35.60 h
» 57n\I;

7/2-271.79 d
y 7
1/2-
57
Decay data used for ~ *®Ni(n,x)*'Co. 26Fe

Target Abundance | Chemical Reaction T E, \&

nucleus [%)] form product vz [keV] [20]
*Ni 68.0769 89 | Ni-metal *Co 271.74d 6 1221 85.00 17
136.5 10.68 8
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Ni(n, p)**Co

58N|(n,p)5800
58Ni(n’p)58C0 — T | LA B R — | T T T
500 .
En o #AOvotal | *AOvef
[MeV] [mb] [%6] [%]
400 .
13.47 424 6.54 0.640 = Eoeman T M
13.56 418 3.19 0.601 E T
§ 300 I e oata
13.64 399 4.92 0.602 5 S o e
[} '04 V.Semkova+
13.74 388 4,04 0.600 n bedvemradl
B 200 | g 22 Y gant > 8
13.88 379 6.57 0.570 8 v S0LiGuocheng: *
13.96 364 461 0571 5 Ve
1405 | 355 496 | 0556 TG s, I
14.19 332 4.10 0.555 & 67w Bormamn:
14.28 342 5.74 0.553 013..0 132 134 136 138 140 1;.2 14I.4 11:.6 11:.8 15.0
14.42 316 433 0.559 Neutron Energy [MeV]
14.47 317 4.90 0.559
14.61 294 4.67 0.574
14.68 295 5.99 0.574
14.78 279 4.22 0.574
14.86 278 6.11 0.598
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.2
s+ < 24880 915 h
Vv 0
70.82d 2 0
3 58C o
EC 27
0+
58F
. e
Decay data used for  *®Ni(n,p)*Co. 26
Target Abundance | Chemical Reaction E Y.
T i Y
nucleus [90] form product [keV] [%0]
N 68.0769 89 Ni-metal %Co 70.86d 6 810.8 99.450 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

58Ni(n, p)58mCO

58Ni(n,p)58mC0
En G +ACiota
[MeV] [mb] [%]
13.47 228 6.62
13.56 226 3.34 =
13.64 216 5.02 E
13.74 211 4.15 S
13.88 207 6.63 §
13.96 199 470 @
14.05 195 5.04 5
14.19 184 4.20
14.28 189 5.82
14.42 176 4.42
14.47 177 4.99
14.61 165 477
14.68 166 6.07
14.78 157 433
14.86 157 6.19
Ref. CS is *Nb(n,2n)**"Nb

240

200 |-

160

120

80

40

gmcme

CE X ER ¥4

TENDL-2014
EAF-2010
Present Data

‘07 W.Mannhart+
'04 V.Semkova+
'95 Cs.M.Buczko+
'91 A.Ercan+

'91 M.Viennot+
'90 Li Guozheng+
'85 B.M.Bahal+
'85 | Ribansky+
‘82 M.Viennot+
'78 C.G.Hudson+
'69 V.N.Levkovskiy+
'63 W.G.Cross+

13.0

132 134 136

138 140 142 144 146 148 150 152

Neutron Energy [MeV]

The *®Ni(n, p)>®*™Co cross section was not measured directly but is the product of two other
values measured immediately, the *®Ni(n, p)*Co cross section presented in the previous page and

the isomeric ratio, i.e. ow/(Om + Og), that was determined from the analysis of the 810.8 keV

gamma decay curve. The method used for the isomeric ratio determination is described in detail
earlier (pp. 20-21). The obtained isomeric ratio values were approximated by the straight line:

IR=a-(E,-Eo)+b

where a = 0.0191+0.0037 MeV*
b = 0.550+0.005
E, = 14.07 MeV

The straight line parameters
determined by the least squares methods.

were

saNi(n,p)SE!Co Isomeric Ratio

m g

03 |

G /(o +c)

02 |-

0.1 |-

—Data

TENDL-2014
EAF-2010
@ Present Data
Linearization

0.0 " 1

< ;
+ \ 24889 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Z.,. 0 9.15h Neutron Energy [MeV]
70.82d, 58 Decay data used for  *®Ni(n,p)>*™Co.
EC 27%0
Target | Reaction E
Tl/2 v
nucleus | product [keV]
ot 58m
Co 9.10h 9 —
2Fe N
*9Co | 70.86d 6 | 810.8
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*®Ni(n, 2n)>'Ni

*Ni(n,2n)*'Ni
58Ni(n,2n)57Ni 50 — T T T T 1 | I —
s H=Emn 7
En G | #ACiotal | #AOref ey | >
eVl | ol || (] | e T
1347 | 115 | 417 301 = T pe '
1356 | 126 4.56 3.00 E a0l 3 suim 7l :
c @ 87 L.R.Greenwood =
13.64 14.6 3.82 3.00 % 25 1| L mhne l -
13.74 15.4 435 3.00 B L] € i, ]
A % o Apasan
13.88 19.7 4.02 3.00 S . [|mmnee, 1
1396 | 202 4.12 3.00 © £
14.05 235 3.81 2.99 “r j/‘ ]
14.19 25.1 5.89 2.99 = 1
14.28 27.8 4.30 2.99 0 ' ' L. —
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
14.42 29.8 4.59 3.00 Neutron Energy [MeV]
14.47 32.9 3.63 3.00
14.61 33.4 3.65 3.00
14.68 36.0 3.81 3.00
14.78 35.9 3.81 3.00
14.86 39.5 371 3.00
Ref. CS is **Nb(n,2n)*"Nb; = 1.2
3/2- 35.60h
T
%c 2gNi
7/2-271.79 d
¥ 57
ec »7Co
1/2-
2eFe
Decay data used for ~ *®Ni(n,2n)°'Ni.
Target Abundance | Chemical Reaction T E, \&
Nucleus [%0] form product vz [keV] [%0]
127.2 16.7 5
*Ni 68.0769 89 | Ni-metal >'Ni 35.60h 6 1377.6 81.7 24
1919.5 123 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Ni(n, p)*Co

*Ni(n,p)®°Co
En o #AOtotal | ZAOref
[MeV] [mb] [%] (%]
13.47 167 3.32 0.633 =
1364 | 160 | 397 | os04 | =
o
B [ | ]
1405 158 2.61 0.547 % JENDL-4.0
o o Presont bata
14.28 155 2.64 0.544 o °r 2522fﬁ°$;dow 7
wat | | am | o | of i ]
14.63 143 484 0.566 20 [ | Are .
14.86 138 452 0.590 0 TP S S 1 —
13.0 13.2 134 13.6 13.8 14.2 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; ay=1.2 Neutron Energy [MeV]
©°
<« 0.24%
2~ 85 B q047m
5+—\ ¥ 0X 5o71ay
Co B-
O+
60n:
Decay data used for ~ Ni(n,p)®Co. 2gNi
Target Abundance | Chemical Reaction T E, Y,y
nucleus [%6] form product v [keV] [%6]
. . 1173.2 99.85 3
58 60
Ni 26.2231 77 Ni-metal Co 1925.28d 14
13325 99.9826 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Cu(n, a)®Co

®Cu(n,a)*Co
*Cu(n,a)®Co ® ' T '*f %' ! ' ' '
En o) +AOtotal | +AOvef 50 |- e — ]
[MeV] | [mb] [%] [%] it fo— @ &, ——F —
T T T
13.47 476 5.55 0.634 = I I L= i "
E T - ) S
13.64 45.9 3.28 0.595 = . % ]
S 5o L |— oo —
13.88 45.9 5.34 0.563 B [ (S l §
B ] ey
14.05 45.7 2.78 0.548 8 + Prnivia J
O 20 96 J W.Meadows+ i
14.28 45.9 2.74 0.545 o 3 mrom.
1444 | 461 349 | 0552 ol | & S ]
14.63 43.3 3.28 0.567 < 72 somamns
14.86 42.8 2.82 0.590 e — e — e, — e —
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)**"Nb; y=1.2 Neutron Energy [MeV]
'\é\o
. éq‘b' 0.24%
2 58.59 —
= B~ 1047 m
52714y
GOCO 4
27 p-
O+
63 60 OONi
Decay data used for Cu(n,a)>"Co. 28
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product vz [keV] [26]
1173.2 99.85 3
63 60
Cu 69.17 3 Cu-metal Co 1925.28d 14
1332.5 99.9826 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Cu(n, p)*Ni

65 65y 12
Cu(n,p) " Ni
65Cu(n,p)65Ni 32 L— T T (I p') T T T T
[ ——
28 |- -
En o #AOtotal | #AOref i s
[MeV] [mb] [%] [%] l - .
T
1356 | 224 3.20 103 = | =
2 2 3 T lK 4 llé [ ]
13.74 20.4 6.16 1.03 o L7 ! —r—]
S 1 1 | ! :
13.96 21.6 4.09 1.02 B [ —ewren ]
1419 | 205 5.56 101 @ nl | Ee -
o = 07V Namnans
14.42 204 3.30 1.01 5] L | e
1461 | 215 | 281 1.02 o
1478 | 207 4.08 1.02 TS e 1
.93 92, . _ s 1 IR NP | | I B | R |
REf' CS IS Nb(n’zn) mNb’ ad - 12 013.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
5/2- 2.5172 h
65N A
28NI B_
312~
65
Decay data used for  ®*Cu(n,p)*Ni. 29CU
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%6]
366.3 481 6
*Cu 30.83 3 Cu-metal *Ni 2.5175h 5 1115.5 15.43 13
1481.8 23.59 14
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Cu(n, 2n)*Cu

o o %Cu(n,2n)*Cu
Cu(n,Zn) Cu o0 b T | LA S —— T T T T ;
En o #AOtotal | 2AO0vef %0 =b—o 1 » ]
[MeV] [mb] [%] [%] 800 — -
13.56 834 5.85 2.39 = 700 —gﬁéig/ﬁ i
1374 | 865 | 425 | 239 E wl i ]
o m 07 M.A Hafiz
13.96 921 6.73 2.39 ‘g 500 | . ;:m.mw.z&w -
%) a8 vikedar
14.19 865 4.23 2.38 o 400t pomicska |
° o Toomaam
14.42 948 4.49 2.38 SR = el iy
14.61 900 4.18 2.39 200 |- ! s |
14.78 967 5.16 2.39 100 | s siawen ]
Ref. CS is gaNb(nazn)gszb; oy=12 013.0 132 134 136 138 140 142 144 146 148 150
Neutron Energy [MeV]
1+ 12.700 h
¥ 64 a4 0
6I1E%;°/ 29CU BZ 642
0% 39.0% 30 n
0+
64
Decay data used for ~ ®*Cu(n,2n)®*Cu. 2gNi
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%]
Cu 30.83 3 Cu-metal Cu 12.701 h 2 1345.8 0.475 11
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Zn(n, 2n)*zn

#Zn(n,2n)*zn
64Zn(n'2n)63Zn 240 LA L R B B B R — T T T 1
En (¢} i‘AGtotal lLAGref 200 - ::gsizimrzowo
eV | [mol | DA | [ Po
13.47 58.5 7.87 3.81 = 160 | ] mikear
S MR
1366 | 604 | 833 376 < s G
2 20 || 2 gt
13.88 81.9 6.38 3.76 8 * 165 APaulsent
) % uF Gt
14.04 98.2 7.12 3.75 ® 61 LA Rayoumn
8 80
14.26 119 6.72 3.75 (&)
14.44 145 6.22 3.74 w0 e
14.63 147 7.52 3.74
14.81 160 747 375 0 1 1 1 1 1 1 1 1 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is ZAl(n, 0)*Na; oy=1.7 Neutron Energy [MeV]
3/2- 3847 m
, 63
EC 30ZN
3/2-
63
Decay data used for ~ ®Zn(n,2n)®*zn. 20Cu
Target Abundance | Chemical Reaction T E, Y,
nucleus [%] form product vz [keV] [%0]
669.6 8.2 3
64 54
Zn 48.27 32 Zn-metal Mn 3847m 5
962.1 6.5 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

GSZn(n, p)68mCu

15.0

68 68m
Zn(n,p)" Cu
682n(n,p)68mCu 8 u— T L e — T T T T
= G | #ACiota | #A0vef | s T
[MeV] [mb] [%] [%] 2 Bl
6 |- AErcan
13.47 3.42 5.61 3.46 5
13.66 3.58 5.92 341 E °F| 2 e
1388 | 377 7.23 3.40 S,
(&]
14.04 432 5.47 3.40 3
0 3 o
14.26 4.59 9.69 3.39 g |
O A
14.44 454 6.11 3.39 2 1 @
14.63 4.60 6.93 3.39 L |
14.81 4.38 6.30 3.39
0 1 1 1 1 1 1 1 1 i 1
Ref. CS iS 27A|(n, a)24Na; ad — 18 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]
&%bq‘\u 16%
©) N 7218 B- 575
1ty 0
31.1s
GSCu
29 -
0+
68Zn
Decay data used for ~ ®®Zn(n,p)®*™Cu. 30
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%6]
87n 19.02 12 Zn-metal s8mcy 3.75m 5 526.4 74.8 17
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

"Ge(n, p)“Ga

74 74
Ge(n,p) Ga
74Ge(n,p)74Ga T T T T T T T T T T
16
En o #AOtotal | 2AOref 1
[MeV] [mb] [%] [%]
13.48 8.49 117 2.54 ¢
Q
13.68 8.27 10.8 2.47 E 1
oy
(o]
13.75 9.68 15.6 2.47 ‘§ 8
13.95 9.15 8.95 2.46 g Gi mao | ]
1425 | 101 7.87 2.44 s T =5,
14.50 10.8 14.0 2.44 ‘ it
1472 | 124 | 889 2.4 2| $ enpamr ||
14-88 11-8 425 245 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1
5 ” 13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is Al(n, OL) Na; ay=1.6 Neutron Energy [MeV]
o\
,\q‘ﬁg <50%
(oi S 598 B- g5
)Y 04 gi2m
74Ga
31 p-
O+
74
Decay data used for ~ "“Ge(n, p)"“Ga. 32Ge
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%6]
“Ge 36.72 15 Ge-crystal "Ga 8.12m 12 595.9 91.8 2
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

"Se(n, p)™“As

““Se(n, p)*As
En o +AOtotal | +AOref
[MeV] [mb] [%] [%]
13.49 163 8.89 6.84 g
13.89 171 9.11 6.81 g
14.26 167 8.03 6.80 J
n F | — ENDF/B-VIL1 %
14.44 137 441 6.80 ] —e ‘
O B T
14.81 134 14.7 6.80 o @ 105 Guozhw He
'89 H.M.Hoang+
Ref. CS is ZAl(n, 0)*Na; oy =12 40 | 3 i .
3 G e
0 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

> 17.77d
TAn e A
‘c 33As g,
66% % —ma——
345€
«
74G
e
Decay data used for ~ "Se(n, p)™As. 32
Target Abundance | Chemical Reaction T E, Yy
Nucleus [%)] form product vz [keV] [20]
Se 0.89 4 Se-crystal "“As 17.77d 2 595.8 59 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

"Se(n, 2n)"MSe

74 74m
Se(n,2n) "Se
74Se(n’ 2n)73mse 20 | T T T — T 1 T L T I/
En G | #ACigta | #A0ef T '
[MeV] [mb] [%] [%] il I . ]
13.49 71.9 221 10.1 = |
13.89 108 156 10.0 £
(o]
14.05 116 25.7 10.0 '*é 120 _
14.26 166 11.7 10.0 g
1444 | 169 146 10.0 5 ® T
14.81 212 13.9 100 2 ke
40 [ fl .
Ref.CS is ZAl(n, a)*Na; ay=1.2
013.0 13.2 134 13.6 13.8 14.0 . 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
e
Q?E-‘g/o 3]2’6’{1/35,71 30.8
> oty 0 om
EC 34
2 _80.30d
e Qesrie A T3
04995 Zo Ec 33AS
73
Decay data used for ~ *Se(n, 2n)"*™Se. 32Ge
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
84.0 2.03 19
Se 0.89 4 Se-crystal 3MSe 39.8m 13 253.7 2.36 19
393.4 1.63 13
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

"Se(n, 2n)"%Se

"*Se(n,2n)*se
74Se(n, 2n)"%%se 400 ———
350 f- EAFat0 -
En G | #4A0%ota | £AOref e
[MeV] [mb] [%] [%] w0 L { |
13.49 98.9 15.1 4.87 =
£
13.89 164 104 4.83 =
S
14.05 155 16.1 4.82 ‘g
w
14.26 205 9.71 4.82 @
o
14.44 196 12.8 4.82 3]
14.81 230 13.0 4.82
Ref.CS is ZAl(n, a)*Na; ay=1.2 |
013.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
(Lé\o
274% &\
EC 2215 30.8m
7.15h
EC \Z}ZSe
/w
& 73
0.4995;%\_& Ec 33AS
74 7 3Ge
Decay data used for Se(n, 2n)"~9Se. 32
Target Abundance | Chemical Reaction T E, Y,
Nucleus [%6] form product v [keV] [%6]
Se 0.89 4 Se-crystal 2950 7.15h 8 361.2 97.0 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

"Se(n, 2n)"Se

Se(n, 2n)"*Se
En o +ACiotal
[MeV] [mb] [%]
13.49 171 131
13.89 272 9.35
14.05 270 14.7
14.26 370 8.14
14.44 365 10.1
14.81 442 10.0
Ref. CS is ZAl(n, o)**Na

500

"“Se(n,2n)°Se
—_— :

TENDL-2014
450 —— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
JENDL-4.0
400 @ Present Data
= '76 M.Bormann+|
# '69A.Abboud+

Cross Section [mb]

13.0 13.2

13.4 13.6 13.8 14.0 14.2 14.4 14.6

Neutron Energy [MeV]

14.8

15.0

This is the sum of two cross sections measured independently: "“Se(n, 2n)"*"™Se and
Se(n, 2n)"*Se.

0.499 s

172-X 66.71
o2+

73
32Ge

6
0

S*®
AV

27.4%
° 3-8 2571

EC

73
EC 3439

3/2- 80.30d
y 3 7
EC 3%AS

f 9/2*'; 0

39.8 m
7.15h
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

°Se(n, p)"°As

76 76
Se(n,p) As
"®Se(n, p)®As O
70 W .
En G | #ACota | #40ref | ] _
[Mev] | [mb] [%] [%] ol /—T/’%/’
I ¢
13.49 45.9 6.18 5.49 — f =——— ++ 1
-g 50 |= J’ 3‘ %I _
13.89 49.7 6.37 5.45 = e + [ |
i)
14.05 475 8.94 5.45 g T — 1
(/) —— ENDF/B-VII.1
14.26 52.2 6.42 5.45 @ 0L |l -
o] —Cenias
14.44 50.5 7.01 5.44 S [ |: e
14.81 54.4 7.91 5.45 :
. ” 10 F | I e 4
Ref. CS is AI(n, 0(,) Na; oy = 1.2 ® '67 P.Venugopala Rao+|
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 1 1

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
2= 26.32h
0+ s 76A 4
—_— S
76 L£C 337 B-
32G(.;A 0.02%
c
76 76 7636
Decay data used for Se(n, p)"As. 34
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [20]
76 76 559.1 45 2
Se 9.37 29 Se-crystal As 26.24h 9 657.0 62 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

°Se(n, 2n)"Se

*Se(n,2n)"°Se
7GSe(n' 2n)7SSe L . e B B B T
1000 = % -
En o #AOtotal | ZAOref , — J
[MeV] [mb] [%] [%] L
13.49 625 6.21 3.27 - T
1389 | 807 | 540 | 321 £ |
S
14.05 736 12.1 3.20 ‘8'
(7] TENDL-2014
14.26 870 6.69 3.20 @ 400 — ENDFIBVI )
o -

14.44 844 10.6 3.19 G e
14.81 988 6.35 3.20 200 | o wiga |
Ref. CS is ZAl(n, 0)*Na; =12 T SRt

013.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
< 52+ 119.779d
N ¥ 75
16.79 ms 2/2*_303.9255 EC 3489
3/2- 0
76 75 TSAS
Decay data used for Se(n, 2n)"Se. 33
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product v [keV] [%]
121.1 17.20 12
"°Se 9.37 29 Se-crystal "*Se 119.78d 5 136.0 58.5 4
279.5 25.02 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

""Se(n, p)"'As

"Se(n,p)”’As
77Se(n, p)77AS 90 T T T 1 T T
o [ B
=h G | #AOtota | 2AO0ref -G
[Mev] | [mb] [%] [%] o b e,
1349 | 569 | 264 153 = oo | L Sen
1389 | 653 | 277 152 £
c
o
14.05 54.8 29.1 15.2 3 . 1 T 1
1426 | 678 | 251 | 152 | — ]
30 b .
1444 | 654 231 15.2 5 _
14.81 76.9 26.0 15.2 or 1
Ref.CS is ZAl(n, 0)**Na; oy =12 or i
01?:.0 . 1?:.2 . 1:;.4 13I.6 1?:.8 14I.0 14:.2 11:.4 . 14I.6 14:.8 . 15I.0
Neutron Energy [MeV]
3/2- 38.83 h
1As g0 S
- +
72t 161.9200 45 oo
1/2- 0
TTSe
Decay data used for ~ "’Se(n, p)’’As. 34
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%6]
239.0 159 24
'Se 7.63 16 Se-crystal "As 38.79h 5 249.8 0.39 6
520.7 0.56 9
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

"8Se(n, a) ~Ge

*Se(n,0)°Ge

78 75 Rl g I T | . .
Se(n, o) "Ge — e
12 | Tziiﬁfﬁo‘
En G | #A0iotar | #A0ref D e
[Mev] | [mb] [%] [%] ol | Esm
13.49 7.59 17.1 10.2 g J J }
1389 | 644 | 203 | 102 s [ + !
1426 | 9.09 15.4 10.2 8 .l [ |
m o
1481 | 100 20,0 102 N -
G 4F i
Ref.CS is ZAl(n, a)*Na; ag=1.2
2 -
0 L 1 1 L 1 1 L 1 L 1 1 L 1 L 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
¢S
+§\cbo1);°,9 60 B
e §7
+
16.79 ms 2/2_303.9255
3/2- 0
75
Decay data used for ~ "®Se(n, o))°Ge. 33AS
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
83e 23.77 28 Se-crystal ®Ge 82.78m 6 198.6 1.19 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

83e(n, p)"®As

En 9 #AOtotal | 2AOret
[MeV] [mb] [%] (%]
13.49 16.2 11.8 11.2
13.89 17.8 11.3 11.2
14.05 17.7 11.3 11.2
14.26 20.3 11.3 11.2
14.44 19.1 116 11.2
14.64 22.9 11.3 11.2
14.81 21.2 11.3 11.2
14.84 20.4 11.3 11.2

Ref.CS is ZAl(n, a)*Na; ay=1.2

8Se(n, p)"°As

®Se(n,p

VeAs
—

Cross Section [mb]

0 1 " 1 " 1 " 1 " 1

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
—— JEFF-3.2
JENDL-4.0
Present Data
'14 F.M.D.Attar+
'05 Guozhu He+
‘94 | Bim+
'93 A Grallert+
'89 H.M.Hoang+
77 N.LMolla+ -
'67 B.Minetti+
'67 G.P.Vinitskaya+
'67 P.Venugopala Rao+|

*RTTEIIDPOEO

13.0 13.2 13.4 13.6 13.8

Neutron

14.0 14.2 14.4 14.6 14.8 15.0

Energy [MeV]

2~ 90.7m
78 4
«
78 78 185e
Decay data used for Se(n, p)"°As. 34
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
613.8 54 6
8Se 23.77 28 Se-crystal ®As 90.7m 2 694.9 16.7 22
1308.7 13.0 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

8OSe(n ’ a)??(g+0.19m)Ge

SUSe(n OL)77(g+0.19m)Ge
SOSe(n 0(‘)77(9"'0-19m)c;e 45 U T T T T T T T T E——
ol B -
=h G | #AOtotal | 2AO0ref | & St
[MeV] [mb] [%] [%] SR e -
1349 | 207 5.80 148 - - P !
T— ]
13.89 | 2.49 5.64 134 £
o
14.05 2.26 8.80 1.33 '§
1426 | 276 5.76 1.31 g
1444 | 27 7.42 130 5
14.81 3.05 6.19 1.32
Ref.CS is ZAl(n, a)*Na; ay=1.2 05 iy
0.0 1 1 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
,&q:f\“ 79%
1S w1 5 s
11.30h
77 \.
32Ge g
32- 38.83h
77 A &
33A5 B~ 72+ ‘161.9200 17.36 5
1/2- 0
778e
34
Decay data used for ~ %°Se(n, o))"’ Ge.
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
264.5 53.3 5
0 ” 367.5 145 7
Se 49.61 41 Se-crystal Ge 11.211h 3
416.4 22.7 11
557.9 16.8 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

83e(n, p)*As

En o 4AOtotal | #AOref
[MeV] [mb] [%] [%]
13.58 8.40 13.1 12.2
13.68 8.45 16.6 12.2
13.75 104 15.5 12.2
13.95 9.03 18.9 12.2
14.23 9.28 13.9 12.2
14.50 111 12.7 12.2
14.72 12.1 16.6 12.2
14.80 11.2 29.4 12.2

Ref. CS is ZAl(n, 0)*Na; =19

%0Se(n, p)*°As

20 ————1—

80Se(n,p)gOAs
—

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
JENDL-4.0
® AA Filaten
@ 2014 F.M.D.Attar+|
¢ 1967 B.Minetti+

Cross Section [mb]

0 " 1 " 1 " 1

13.0 13.2 13.4 13.6

13.8

Neutron Energy [MeV]

14.0 14.2

14.4 14.6

14.8

15.0

1+ 1525
80As
33 p
-
80 80 80Se
Decay data used for Se(n, p)*As. 34
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [26]
80ge 49.61 41 Se-crystal ®As 15.2s 2 666.2 42 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%0Se(n, 2n)"™Se

%Se(n,2n)*"Se
— .

280 U T T T | — LI S
803e(n, 2n)°™Mse { 1 i |
240 |- J .
En (o) #AOtotal | 2AOref l ]
Mev] | [mb] | [%] [%] ol ]
T
14.05 213 7.30 1.02 g —
1464 | 213 114 0.99 s T 1
14.84 242 9.77 1.01 Sl i
(2]
Ref.CS is ZAl(n, a)*Na; ay=1.5 8
O 80 .
|
0 1 1 1 1 1 1 1 1 1 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
/\
Q0.
391 m iz 973
2,722y 0
<6.5x104y
798 4
3409€ p- 32 o
7 79Br'
Decay data used for  ®Se(n, 2n)"™Se. 35
Target Abundance | Chemical Reaction T E, Y,
nucleus [%)] form product vz [keV] [%6]
80ge 49.61 41 Se-crystal mge 392m 1 05.7 0.6192 11
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%2Se(n, 2n)®'™Se

15.0

82 81m
Se(n,2n)" "Se
SZSe(n, 2n)81mse 1400 — — T (, T ) T
oo || Sen
E, O | #ACtta | #A0vef § poenoue
[MeV] [mb] [%] [%] 1200 | | & ?égg:@t&’:sz:ﬁ%:m
13.49 1017 155 3.53 = 1100 |- % 1567 Pemugopala Raot
1380 | 1108 | 153 3.48 E ol
o
14.05 933 16.8 3.47 B
(CB 900 |- —
14.26 1162 145 3.47 2 %/Lﬁ
O 80 —1 .
14.44 967 175 3.46 'S I
1464 | 1090 156 3.46 T 1
14.81 1277 16.4 3.47 600 [ T
14.84 1119 23.3 3.47 500 b——1 1 1 1 1 1 1 1 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Ref. CS is ZAl(n, 0)**Na; oy =1.4 Neutron Energy [MeV]
o
+&o?' 0.051%
%\ == P 5728 m
18.45m
81Se 4
34 p-
3/2-
82 81 81gy
Decay data used for Se(n, 2n)*""Se. 35
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%0]
823 8.73 22 Se-crystal 8imse 57.28m 2 103.0 12.8 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%2Se(n, 2n)*19Se

82 81g
Se(n,2n)” “Se
828e(n, 2n)81gSe 550 DL (I T )I L e L
500 |-
Eﬂ (@) iAGtOtéﬂ iAGref 450 _
[MeV] mb % % [
[mb] [%] [%] s _/—’{, l
13.49 343 115 11.1 = | + T
E 350 =
13.89 375 13.2 11.1 = 500 -
(o]
1405 | 323 21.2 111 B el
(9]
14.26 392 15.0 11.1 2 a0
o
14.44 395 25.0 11.1 O 1o | | rewowam
1464 | 416 19.1 111 oo | |3 e
14.81 456 215 11.1 so | |+t s
1484 372 263 111 0 [ . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Ref. CS is ZAl(n, 0)*Na; =19 Neutron Energy [MeV]
q@Q\Q
+,\& 0.051%
:;;7\ 102.99 B_ 57.28 m
18.45
81se )
34 p-
3/2-
82 81 81y
Decay data used for Se(n, 2n)*9Se. 35
Target Abundance | Chemical Reaction T E, Y,
nucleus [%0] form product v [keV] [%]
825e 8.73 22 Se-crystal 8l95e 18.45m 12 200.0 056 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%2Se(n, 2n)*'Se

825e(n, 2n)'se

1800 ————————1—

#3e(n,2n)*'Se
Al

1600 =

1400 =

1200 |-

1000 [~

800 [~

En c +ACiota
[MeV] [mb] [%]
13.49 1361 12.0
13.89 1484 12.0
14.05 1256 13.7
14.26 1554 11.6
14.44 1363 14.4
14.64 1506 125
14.81 1734 134
14.84 1491 18.7

Ref. CS is ZAl(n, o)**Na

600 [~

Cross Section [mb]

0 " 1 " 1 " 1

ol

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
JENDL-4.0
® Present Data
> 1972 S.S.Hasan+
* 1967 B.Minetti+

13.0 13.2 13.4 13.6

This is the sum of two cross sections measured independently: %2Se(n, 2n)*™Se and

825e(n, 2n)®'9Se.

13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.

7/2"‘6 102.99

Q\C
B

o)
P 0.051%

1/2- ¥

B-
N 57.28 m

18.45m
81ge A
345€ -
3/2-
81
35Br
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Sr(n, a)>"Kr

83r(n, o)®"Kr

En &) #AOtotal | 2AOret
[MeV] [mb] [%] (%]
13.47 | 0.801 9.77 1.57
13.64 1.04 8.46 1.46
13.88 1.07 7.23 1.44
14.05 1.24 6.93 1.43
14.28 1.30 7.37 1.42
14.47 1.38 7.01 1.41
14.68 1.53 6.94 1.41
14.86 1.61 5.78 1.43

Ref.CS is ZAl(n, a)*Na; ay=1.5

Cross Section [mb]

20 ——1—

Sr(n,0)*"Kr
D

TENDL-2014
EAF-2010
—— JEFF-3.2

® Present Data

o 2006 Guozhu He+
¥ 1985 R.Pepelnik+

02 -

13.0 13.2 13.4

13.6 13.8

Neutron Energy [MeV]

14.0

14.2

14.4

14.6 14.8

G
LY 78.6%
12~ 304871 B4 400
302 04 10.756y
85Kr
36 -
5/2-
85
88 85m 37Rb
Decay data used for  *°Sr(n, a)”"Kr.
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
gy “99.94 3 SrCO; My 4.480h 8 151.2 75.2 10

*— refer to samples with separated isotopes of Strontium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%8Sr(n, 2n)*"™Sr

o8 - #3r(n,2n)*"Sr
Sr(n, 2n)°"™Sr 400 —————————— :
s - [_ge 1
En G | Ot | #AOref e
[MeV] [mb] [%] [%] a0 b | 5 |
1347 | 174 | 628 | 106 = [ | e
€ B0 | ¥ s
13.64 197 5.55 0.872 =
2 200
13.88 216 6.03 0.852 g
w
14.05 225 5.26 0.833 @ 150
(]
14.28 241 4.92 0.808 3]
100 |
14.47 249 4.79 0.787
14.68 270 6.28 0.792 T
14.86 278 4.93 0.819 0 ' L L L . L . . L
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Ref.CS is Al(n, 0)*'Na; ay=15 Neutron Energy [MeV]
&
g<
3% 1o <\;bas 532
STRb 4
37 p-
ot 0
88 87 87SI’
Decay data used for  *°Sr(n, 2n)°*"™Sr 38
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [20]
88gr “99.94 3 SrCO; §msy 2.815h 12 388.5 82.19 22

" — refer to samples with separated isotopes of Strontium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

89Y(n, a)BGmRb

89Y(n’a)86mY
89Y(n, (X)SGmRb 2.8 T T T T T T T 1T T u'
By | O |#4Cow | #0w | T | P
[MeV] [mb] [%] [%] 5 Toan v Kamugai -
20l | % mmamE [ = L&
1347 | 1.03 25.2 0.914 = = |
E =
13.65 1.19 143 0.691 s r HF -
1388 | 1.31 14.6 0.666 B ] -
é 12 | HT + % + _
1404 | 132 | 144 | o641 2 |
o
14.26 1.60 18.7 0.608 O 08t J .
14.43 1.82 8.79 0.585
04 |- -
14.62 1.85 9.73 0.591
14.78 2.00 9.49 0.590 0.0 b——d L L L
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is ZAl(n, a)*Na; ay=1.5 Neutron Energy [MeV]
6 N 5560 1017 m
> v 0 .,
18.631d
o ‘EC SBRb E\
SGKI‘ 0.0052%37 99.0948%
36
0+ 0
89 86 863[’
Decay data used for Y(n, a)”"Rb. 38
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
8y 100 Y-metal %"Rb 1.017m 3 556.1 98.20 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Y (n, a)*°Rb

#Y(n,0)*°Rb
89Y(n1 (X)86Rb ’ TE:IDL—ZOM : I I I I I I I I I I I I
Eﬂ O i‘AGtOtal lLAGref 10 :é%é%%%z—zmo 7
[MeV] [mb] [96] [%] % 2000 Fengun Zhous
1347 | 442 17.2 0.792 o t | e, l
e * 1961 B:P:BZ‘;I;\?A::SY+ — A
13.65 5.85 16.5 0.761 =
9
13.88 5.68 17.7 0.736 g °
n
14.04 5.59 17.9 0.726 @
o 4
14.28 6.58 18.2 0.723 o
14.47 6.24 19.2 0.728 oL |
14.68 7.34 15.0 0.740
14.86 743 16.3 0.758 013.0 . 13.2 13.4 13.6 . 13.8 . 14.0 . 14.2 . 14.4 . 14.6 . 14.8 15.0
Ref. CS is ®Nb(n,2n)**"Nb; y=1.2 Neutron Energy [MeV]
SR
2_ ~ 556'3 1,017 m
o+ mD 18.631d
86 EC 37 p-
36KI‘ 0.0052% 09.9948%
O+
863'.
Decay data used for %Y (n, a)**Rb. 38
Target Abundance | Chemical Reaction T E, Y,
Nucleus [%0] form product 12 [keV] [%]
8y 100 Y-metal 8%MRb 18.642 d 18 1077.0 8.64 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

Y (n, 2n)®Y

15.0

%Y (n,2n)*Y
89Y(n, 2n)88Y 1100 — —— T T T
1000 |- T
.
Eﬂ (0] iAGtOtéﬂ lLAGref 900 4
[MeV] [mb] [%] (%]
800 |- T Tl
13.47 681 2.84 0.709 —_
-g 700 = J —
13.64 729 2.92 0.674 'g' 600 L < —:ERNDg;gQJ/ﬁ |
13.88 797 3.04 0.646 § 0 A = e
14.05 891 2.99 0.634 @ 0 | ! o g |
8 1998 NI Mot
14.28 904 2.79 0.631 S it |
14.47 960 2.60 0.637 200 ° :gggﬁfézsznow ]
14.68 980 2.76 0.650 100 |- % iorianme | ]
1486 1042 264 0671 0 1 1 . 1 . 1 . 1 1 1 . 1 . 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Ref. CS is ®Nb(n,2n)*"Nb; az=1.1 Neutron Energy [MeV]
13.9 ms (87)"6 67455
106.65 d /48'8—0
EC 397
o+
88Sr
Decay data used for ~ %Y(n, 2n)®Y. 38
Target Abundance | Chemical Reaction T E, Y,
nucleus [%0] form product v [keV] [%]
898.0 93.7 3
89 88
Y 100 Y-metal Y 106.626 d 21
1836.1 99.2 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0Zr(n, a)®™Sr

QOZr(n,OL)ES?m
QOZr(n1 OL)87mSI’ 45 — —
40 |-
En o +AOtotal | +AOref l
[MeV] [mb] [%] [%] 35 |- d +T
- Py
13.56 3.48 8.55 1.30 = 30 f J % l q L
1374 | 350 | 768 1.30 E L oy )
5 ° 1
13.96 3.69 5.65 1.28 3
s T B |
15 A 1993 AGrallert+ ]
14.42 | 403 6.62 1.28 5 T
14.61 3.97 10.24 1.28 or o
1478 | 4.08 5.61 1.28 os | E- s I
Ref. CS is Nb(n,2n)"Nb; =14 ool 1 . 1 S 1 1 1 ——
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
&
q.
O <\:88 532
87Rb 4
37 B~
o2t 0
878r
Decay data used for ~ Zr(n, a)®*"™Sr. 38
Target Abundance | Chemical Reaction T E, \&
Nucleus [%6] form product v [keV] [%0]
07y 51.45 40 Zr-metal 8imgp 2.815h 12 388.5 823 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

9OZr(n’ p)9OmY

90 90m:
Zrinp) Y
gozr(n, p)gomY T T T T T T T T T T T T L T T
En o #AOtotal | 2AOref
[MeV] [mb] [%] [%]
13.56 10.7 5.00 2.84 = w
13.74 | 112 5.07 2.84 %
']
13.96 | 11.8 4.75 2.83 2 L[ J H%ﬁ )
(0] —— JEFF-3.2
1419 | 119 | 549 | 283 | p [|7Eme
O 6 [ a 1996KT.Osman+ T
14.42 | 123 5.14 2.83 5 2 .
1461 | 120 | 412 283 [ e ]
14.78 12.3 4.34 2.83 2 b |5 misiaam. -
Ref. CS is ®Nb(n,2n)*"Nb; ay=1.4 ol . P R L L L
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
o\e
caq@
. AP 0.0018%
3.19h;7 N 682.03 ‘[j,
64.10 h
90Y
39
ot 0
90
Decay data used for  Zr(n, p)®™Y. 202"
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%0]
202.5 97.3 4
90 90m
Zr 51.45 40 Zr-metal Y 3.19h 6
479.5 90.74 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0Zr[(n, np) + (n, d)]*MY

Zr(n,np+d)™"Y
QOZr(n' X)ngY 70 T T T T T T T T T T
E, G | #4GCiota | #ACvet i T
[MeV] [mb] [%] [%] 5 o8t Romame ]
1358 | 228 136 0.94 = TL
1372 | 260 | 809 0.94 £ ]
S
13.95 311 9.64 0.92 g
8 -
14.25 323 7.06 0.88 @
o
14.72 51.3 10.1 0.87 &) -
14.85 44.8 5.23 0.89
Ref.CS is ZAl(n, a)*Na; ay=1.5
013.0 1:;.5 14I.O 14.5 15I.0 15I.5 1(;.0 16.5
Neutron Energy [MeV]
The set-up modified for short-lived activity measurement was used (p.25).
&
+
9/2*\" 908.96 16.06 s
1/2-
s
Decay data used for ~ *°Zr(n, x)¥*™Y
Target Abundance | Chemical Reaction T E, Y,
Nucleus [%6] form product v [keV] [%0]
0zr 51.45 40 Zr-metal omy 15.663s 5 909.0 99.16 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0Zr(n, 2n)*"zr

%Zr(n,2n)*"zr
QOZr(n, Zn)sngr 200 — T T T T T T 1
wl [FEEE :
En c #AOtotal | #AOef oo [ [ Henn
[MeV] [mb] [96] [%] B 7
wl | BB <
13.47 30.6 2.63 1.186 —_— o 1987 IF. Goncalves+ L I
Ne) “ 1977 S.Sothras ﬂ» b
E wof |5 i .
13.66 40.1 3.04 1.024 = 41970 L Hosain+
S oo b | o6 kmangar 1
13.88 62.9 2.53 1.007 "8' B 1960 G.H Reed -
1404 | 772 2.68 0.991 g .
o
14.26 91.8 2.88 0.970 5] -
14.44 116.4 2.43 0.956 e
14.63 124.6 251 0.959 _
14.81 141.1 242 0.979 [P T TR |
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is ZAl(n, 0)*Na; =15 Neutron Energy [MeV]
o\o
”J/'\,\
8.23% 1o &7
jm————— 418 m
KAV 0 7841h
892
& EC 404"
9/2 908.96 16.06 s
v
1/2- 0
89
Decay data used for  *°Zr(n, 2n)*™zr. 39Y
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
587.8 89.62 17
90 89m
Zr 51.45 40 Zr-metal Zr 4.161m 10
1507.4 6.06 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0Zr(n, 2n)*°Zr

%Zr(n,2n)*zr
QOZr(n, Zn)SQZr 900 T e
800 -
En o #AOtotal | 2AOref
[MeV] [mb] [%] [%] 700 -
13.56 452 2.09 0.992 — 600 |- e
'g B L TENDL-2014
13.74 505 1.86 0.992 = RO u0s ]
9 e
13.96 586 1.93 0.975 *8' T:S%NSE;L‘,’J'E,S‘”*“ ]
14.19 646 1.88 0.965 g g o
(@] < 1988 Y.lkeda+ —
14.42 710 1.99 0.967 S % o8 Koyt
1984 Zhao \I‘\{jnrong+ N
14.61 747 2.03 0.976 S torsRason.
14.78 785 1.94 0.976 100 |- My N
Ref. CS is 93Nb(n,2n)92mNb; oy = 1.1 0 N 1 1 PR | PR R | P R [ PR |
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
&
6.23% &S
1/2-\" 587.84 418 m
» 9’2+8'9 2 78.41h
W& EC 402"
9/2*N\" 908.96 16.06 s
v
1/2 0
89
Decay data used for ~ *°Zr(n, 2n)*zr. 30Y
Target Abundance | Chemical Reaction T E, Y,
nucleus [%0] form product v [keV] [%]
07zr 51.45 40 Zr-metal 8z7r 78.41h 12 909.1 99.04 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

QZZr(n’ p)92Y

92 92
Zr(n,p)Y
QZZr(n, p)ng a6 [ T T | B R — T T T ]
| [
En c 2AOtotal | 2AOref » L
[MeV] [mb] [%] [%] - 3 1
20 - -
13.56 14.3 15.0 10.8 e PP
'
1374 | 165 13.9 108 E ol i
13.96 | 19.7 12.9 10.8 2" l T —Eer |
O 12 | ES —— CENDL-3.1 _
n o Penba
14.19 18.7 12.4 10.8 @ 1o 2 Ve | ]
14.42 | 196 12.0 10.8 S sfF S mnamr |
1461 | 229 117 108 oF o M
4 ° 1977Y.Fj;::; -
14.78 20.6 124 10.8 & 19748 M.Qam:
2 - * 1963 E.T Bramiitt+ -
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.1 0 L L L L L. L L
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
2 3.54 h
T 92y A
390 B
o
2
Decay data used for ~ *Zr(n, p)*Y. asZr
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%0]
934.5 13.9 15
92 92
Zr 17.15 8 Zr-metal Y 354h 1
1405.4 48 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Zr(n, a)”Sr

#Zr(n,0)’'Sr
94Zr(na)918r ! T T L —
En o #AOtotal | 2AOref °
[MeV] [mb] [%] [%]
5
13.56 421 12.0 3.85 =
13.74 | 453 10.0 3.85 £,
o
13.96 4.76 774 384 8 TENDL-2014
$ 3 —JErraz
14.19 4.62 10.2 3.84 “ — oo
3 o Prsmban
14.42 | 4.89 9.24 3.84 5.l o | |
4A 1991 N.I.Molla+
14.61 4.99 10.2 3.84 1 Toae v hamre™
1478 | 532 | 739 3.84 T : miaut |
@ 1960 C.H.Reed
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.1 0 L L T P R PR
! ! 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
52+ 9.63 h
91
388r E:
4971 m 9/2*6555 58 <1BS_%
58.51d”2’9'1 o4
4
Y B
512+ 0
Decay data used for ~ *Zr(n, o)®*Sr. NZr
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
749.8 23.7 8
94 91
Zr 17.38 28 Zr-metal Sr 9.65h 6
1024.3 335 11
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Zr(n, 2n)*Zr

%7r(n, 2n)*zr

En 9 #AOtotal | 2AOret
[MeV] [mb] [%] (%]
1356 | 1630 7.17 3.29
1374 | 1614 10.0 3.29
1396 | 1594 5.76 3.29
1419 | 1543 5.16 3.29
1442 | 1629 9.62 3.29
1461 | 1628 106 3.29
1478 | 1620 6.23 3.29
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.1

Cross Section [mb]

*Zr(n, 2n)952r

T T T T T T T T T T
x JJ: \ ]
4 5——0
1400 |- ‘
I e T
 —
1200 -
1000 = -
800 |- -
TENDL-2014
—— ENDF/B-VIL1
JENDL-4.0
» —— CENDL-3.1 _
600 —— ROSFOND-2010
® Present Data
= 1991 Lu Hanlin+
1991 N.I Molla+
400 - 4 1988 Y.lkeda+ -
v 1987 L.R.Greenwood
4 1985 R Pepelnik+
> 1978 K Fukuda+
© 1974 SM.Qaim+
200 = o 1970WDLur T
0 1 1 1 1 1 1 1 1 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

. si2+ 64.02 d @ .
Bz 4 S ’\23568 510 86.6 h
40 ; W' \ 34.975
#iNb
5/2%
95
Decay dataused for  %Zr(n, 2n)*Zr. a2Mo
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [26]
724.2 44.27 22
96 95
Zr 2. Zr-metal Zr 4.032
80 9 64.032d 6 756.7 54.38 22
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

93N b(n, a)90mY

®Nb(n, o)™y “Nb(n,a)™"Y
T T T T T T T T T T T T T T
7 -
En (o) #AOtotal | +AOvef % %L I %
[MeV] [mb] [%] [%] i
1347 | 503 | 438 2.71 T %*L ﬁ% ¢ li/ _-
- - 5 -‘%ﬁ I + 1 | <+ « 1 1|
1356 | 481 | 718 | 270 ) : L REREREE
E T < 1 1
1366 | 5.5 4.49 2.70 .| 5 ! ]
13.74 | 5.5 5.89 2.70 3 ;
13.88 5.28 5.40 2.69 D5t .
7)) TENDL-2014
13.96 5.35 6.56 2.69 8 . ;:;fz.glt
1405 | 568 | 52 | 269 T TR ]
1419 | 568 | 58 | 269 3t 8T
1427 | 561 418 2.69 -
" 1 1 1 " 1 1 " 1 1 1 " 1
1442 558 4.55 2.69 013.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
14.47 5.85 5.07 2.69 Neutron Energy [MeV]
1461 | 5.80 5.93 2.69
1468 | 574 6.10 2.69
1478 | 581 6.59 2.69
1486 | 584 4.12 2.70
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.4
oo
&V
q‘!c'p 0.0018%
319h;_ N E»SZ.O(3J ‘Bf
64.10 h
90 4
37 B
oo
Decay data used for ~ **Nb(n, a)™™Y. 0Zr
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product v [keV] [%]
202.5 97.3 4
93 90m
Nb 100 Nb-metal Y 3.19h 6
472.5 90.74 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Nb(n, a)*Y

93Nb(n, a)QOY . 93Nb(n’a)goY
—7tr r r r r . r1r r r_r T T - T T 7
En (@) #AOotal 1; : l + + % + ++ ++ 'HH ]
[MeV] [mb] [%] Wl + + + 1 ]
13.47 12.2 7.45 WL + l A ]
13.56 11.6 9.14 b 5 %M l ]
13.66 124 6.96 2 L. SR AR Tl s R
13.74 12.3 7.74 = b e T [
13.88 12.6 7.15 % F S
13.96 12.7 8.00 S F T ]
14.05 135 6.89 @ °r oo | ]
14.19 13.4 7.43 o °r SeNoL40 ]
14.27 132 6.25 © 4t oo |
14.42 131 6.74 s S i |
14.47 13.7 7.20 2 v TP | T
14.61 13.5 8.14 +L % eotiatows | ]
14.68 13.3 8.45 0 [ PR U SRR SR R R S SR |
14.78 135 9.09 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
14.86 135 779 Neutron Energy [MeV]
Ref. CS is **Nb(n,2n)**"Nb
*Nb(n,0)®Y Isomeric Ratio
The *Nb(n, @)Y cross section was not R e
measured directly but is the product of two other — *°| 1
values measured immediately, the **Nb(n, o)*"Y s
cross section presented in the previous page and o + -

the isomeric ratio IR, i.e. on/(om + o), that was
determined from the analysis of the time behavior
of the continuous spectrum  component
corresponded to the *°Y pB-particles that were
registered by the HPGe detector with thin entrance || |
window. The experiment is described in detail e
earlier (pp. 21 —24). The obtained isomeric ratio | . — .. . ., . . . . .,
values were approximated by the straight line in PO mE T me  Be MO m o we e e we

the used neutron energy interval:
|R(En):a'(En'E0)+b + $q252.030'0%1f%

3.19h1
2 0 4
where a = 0.013+0.027 MeV™ ST T
b = 0.422+0.019

Eo = 14.07 MeV

The straight line parameters were
determined by the least squares methods.

c./ (Gm+cg)

Neutron Energy [MeV]

o+ 0

90
202"

Decay data used for  *Nb(n, a)®Y

Target | Reaction T Ep max
nucleus | product w2 [keV]

9omyr 319h 6
gy 64.00h 21 | 22787

93Nb
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Mo(n, o)®"Zr

92 89m
Mo(n,a) " Zr

QZMO(n, a)gngr 10 (EE— T T T T T

9 4
En o +AOtotal | FAOrvef
[Mev] | [mb] [%] [%] °T I —1 S
N [T 4y
1347 | 640 | 469 200 | _ 7 o 3 i ¢ e jT ° '
1366 | 6.12 | 671 235 | & of LS4 I .
1388 | 6.71 5.08 2.34 3 sg ! ]
GJ 3
14.04 6.58 6.40 2.33 D oat 4
0

14.26 6.51 6.74 2.33 S st -
14.44 7.20 8.48 2.32 > L : ]
1463 | 6.87 483 232 AR i ]

14.81 6.72 8.54 2.33 N Lo Lo o
7 " 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Ref. CS is Al(n, (X,) Na, oy = 1.9 Neutron Energy [Mev]
'b'-(\a\n
6:23% 1f2+<\q58?.84 418 m
22 25 % 78.41h
« EC 4OZ|'
9/2+N\™ 908.96 16.06 s
1/2- 0
89Y
Decay data used for ~ ““Mo(n, o))**"Zr. 39
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
587.8 89.62 17
92 89m
Mo 14.77 31 Mo-metal Zr 4.161m 10
1507.4 6.06 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

“Mo(n, o)*°Zr

2Mo(n, 0)®zr
En (o) #AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.47 21.4 6.43 2.33 =
1365 | 22.7 4.44 2.32 £
o TENDL-2014

13.87 23.4 435 231 § °F —eors .
1405 | 242 | 418 | 231 | 9.l iR |
1428 | 245 | 413 231 g 4

s |l % 1991 Kong Xiangzhong+| ]
14.44 25.4 4.39 231 v ool
14.64 26.1 431 231 “r 3 jmtgmmer | 4
14.82 27.0 5.61 2.32 0 P PR B | [P SR SR T T |

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)**"Nb; oy =1.2 Neutron Energy [MeV]

oo
,\'\
623% 4 60555 84
EC == 57-0 418 m
78.41h
SQZI.
« EC 40
9/2+\ 908.96 16.06 5
1/2- 0
SQY
Decay data used for ~ *Mo(n, o)*Zr. 39
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product vz [keV] [%0]
Mo 14.77 31 Mo-metal 8zr 78.41h 12 909.1 99.04 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Mo(n, 2n)**™Mo

92 91m
Mo(n,2n)""™M
92M0(n, Zn)glmMO 40 — T 1T I ol(n 'n)l 'O T T 1 T
Ey | O | 0w | #40w | T | Rk *-
[MeV] | [mb] [%] %l S -
13.66 1.44 418 5.23 26 | | = mswaan .
1388 | 3.70 16.8 5.23 E ol ' + | |
c <
14.04 6.41 13.0 5.22 S wl %8 ]
14.26 11.0 124 5.22 & WL 1 Y%‘J? ]
[}
1444 | 163 | w1 | s2 | § [ P 1 4 ]
1
14.64 22.6 13.1 5.22 L ) 1
1481 | 268 125 5.22 v e
4 ® < .
Ref. CS is ZAl(n, )**Na; g =19 o [ ; ¥ ye& : i i i i
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
Ry
a9.0% Q°
EC 1/2 653.01 65.0s
9/2+ 0
’/—9’/—71: 15.49 m
EC 42M0
o\o
7% éq%
1/2- " 104.49 60.86 d
9/r2+y 0 SéOy
tc 2INb
Decay data used for  **Mo(n, 2n)**™Mo. 41
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
652.9 48.2 21
%Mo 14.77 31 Mo-metal ™Mo 64.65s 6 1208.1 18.6 14
1508.0 24.2 18
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“Mo[(n, np) + (n, d)]**™Nb

92 91m
Mo[(n,np)+(n,d Nb
gZMO(ny X)glmNb 280 T T |[( T p)l ( T ):! — T T T
E, (o) #AOtotal | FAOref 240 | + + + + i
[MeV] [mb] [%] [%] + ]
1348 | 201 8.81 2.84 200 | + | .
13.67 222 8.45 2.83 g I T ]
) ) ) = 160 [ ( %;% i
1388 | 231 8.12 2.82 S &
3
14.06 244 8.10 2.82 3 120 - .
14.28 250 7.87 282 <
O 80f ]
1446 | 242 8.10 2.82 o
1467 | 249 8.29 282 o 3
14.83 245 8.87 2.83 0 PR RPUN RPN SR SR S SR PR SR |
.93 92m 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is “’Nb(n,2n)>"Nb; oy =1.2 Neutron Energy [MeV]

The intensity of the 104.6 keV y-transition that discharges the metastable state 2" of the
INb was measured in the experiment. The “™Nb half-life is 60.86 d. Additionally, this metastable
state is popupated via EC decay of the **™Mo state with the probability of (0.50 + 0.16) and half-life
of 64.6 5. The “™Mo excited state is produced in the “Mo(n, 2n)**"Mo reaction which cross section
was measured independently. The corresponding data are presented in the previous page. The cross
section data for the %*Mo[(n,np)+(n,d)]>*™Nb presented in this page were obtained with the
correction for the contribution of the “Mo(n, 2n)**™Mo reaction into population of the metastable
state *'™Mo.

The decay of the ®*Mo ground state does not contribute to the *'™Nb 104.6 keV state
excitation.

oo

49‘9%1/27é0§53.01 650s
oz % 1549 m
EC g;MO
cg"g\a
7E“é 1/T\&104.49 60.86 d
9/291 680y
EC 41
572+ 0
gz
Decay data used for ~ **Mo(n, x)**™Nb.
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
%Mo 14.77 31 Mo-metal *'"Nb 60.86d 22 104.6 0.574 9
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92M0(n, p)92mNb

15.0

92 92m
92 92 Mo(n,p)” " "Nb
Mo(n’ p) mNb T T T T T T T T T T T T T T
100
En (o) #AOtotal | +AOref 9
[MeV] [mb] [%] [%]
80
13.47 77.4 4.18 2.84 o
Ne)
13.65 75.7 6.56 2.83 £, 6
C
13.88 73.2 4.56 2.82 2
8 50 = -
14.05 72.0 4.20 2.82 2
% or IRDFF v.1.05 7]
14.27 66.8 4.48 2.82 Q2 —ewaio
O 30 @ Present Data N
14.44 63.1 3.87 2.82 » L 2 o ]
1464 | 615 458 2.82 N ;
1481 | 588 3.69 2.83 N U S S R S S B
. 93 92m . _ 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Ref. CS is “Nb(n,2n)""Nb; oz =1.2 Neutron Energy [MeV]
Ec 21355 40154
347x107y AL B,
PNb & ToIm—
= 92
BC 41T e a2Mo
' S
92
Decay data used for ~ **Mo(n, p)**™Nb. 402"
Target Abundance | Chemical Reaction T E, Y,
nucleus [%)] form product vz [keV] [%6]
%Mo 14.77 31 Mo-metal %"Nb 10.15d 2 934.4 99.15 4
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*"Mo(n, 2n)*™Mo

94 93m
94 93 Mo(n,2n)”""Mo
Mo(n’ Zn) mMO 9 T T T T T T T T T T T T T T T
s L TENDL-2014 T
Eﬂ (¢) ;/'AGtotal | Gref . &225318axa T
[MeV] [mb] [%] [96] LG '
™| 5 1508 vakeans I i
1364 | 159 | 929 | 220 L +I {;
13.87 2.24 4.06 2.19 = ! T
csf e .
14.05 2.98 9.59 2.19 S +’ %%%
O T
14.28 3.88 8.81 2.19 Sr I lg& ; .
» |
14.44 4.60 8.92 2.19 8 st be | ]
&)
14.64 5.86 10.1 2.19 L s @ ]
93 92 %’ t ¢
Ref. CS is *>Nb(n,2n)*"Nb; oz =1.6 L ]
»
0 N 1 L © 1 1 N 1 N 1 1 N 1 N 1 N 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
&
0.12% (\qq
685h EC 421/2*‘ 2424.89
.
52 0 40103y
« ’EC ggMO
;j;\ mé 1613y
93Nb
Decay data used for  **Mo(n, 2n)*™Mo. 41
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
263.0 57.4 11
%Mo 9.23 10 Mo-metal #M"Mo 6.85h 7 684.7 99.9 8
1477.1 90.1 11
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"Mo(n, x)*Nb

""Mo(n,x)*°Nb

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
JENDL-4.0
—— CENDL-3.1
—— ROSFOND-2010;
® Present Data -

The samples made of natural molybdenum
were used. Several reactions can contribute to
the production of **Nb:

®Mo(n, p)®Nb — is the most probable
reaction, >80%;

”atMo(n, X)gSNb 10 T
9
En (o) #AOtotal | +AOef .
[MeV] [mb] [%] [%%]
1348 | 5.8 3.89 0.63 =
13.64 5.71 3.14 0.59 E o
13.87 5.91 3.67 0.56 é 5
1405 | 6.19 3.28 0.55 &,
14.28 6.27 3.25 0.54 é AL
1445 | 656 3.38 0.55 ©
1464 | 6.56 3.38 0.56 T
14.82 6.81 3.80 0.59 T
Ref. CS is ®Nb(n,2n)®"Nb; g =1.2 Yo e

13.4

13.6 13.8

14.0 14.2 14.4 14.6

Neutron Energy [MeV]

14.8 15.0

*Mol[(n,d) + (n,np)]**Nb

*Mo(n,p)*’Nb

®Mo(n, x)**Nb — the possible contribution is ¢ "[
changing, approximately, from 1 to « °[
15%,; the evaluations are very scattered or e
(see Figure to the right where the ratio a N
of **Mo(n, x)*Nb cross-section to this o | ]
of ®*Mo(n, p)**Nb is shown);
98M0(n, (X)QSZI' N 95Nb . the Contl’ibution iS 13.0 13.2 13.4 13.6Nel]::;n ér:zrgyﬁ\;ev]MA 14.6 14.8 15.0
small due to the long half-live of *Zr.
52+ 64.02 d N
95Zr 1/2-6%35.68 5§Z°
C v S
95Nb 4 '
41 p
5/2%
nat 95 95Mo
Decay data used for Mo(n, x)™°Nb. 42
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
*Mo 15.84 11 o
% Mo-metal Nb 34.991d 6 765.8 99.808 7
Mo 16.67 15
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natMO(n, X)95mNb

natMo(n,X)QSmNb

TENDL-2014
EAF-2010
ROSFOND-2010
Present Data

"Mo(n, x)*"Nb !
En (o} +AO%otal | *AOvef
[MeV] [mb] [%0] [%]
13.48 1.30 9.44 1.34 -
13.64 1.20 9.76 1.33 %
13.87 1.29 9.50 1.31 2
14.05 1.30 9.78 1.31 % “°r
14.28 1.41 10.55 1.30 8 ost
(@]
14.45 1.38 8.75 131 i
14.64 157 8.70 1.31
14.82 1.49 8.20 132 2T
2 1
Ref. CS is ©Nb(n,2n)"™Nb; ¢ =1.2 a0 12

The samples made of natural molybdenum
were used. Several reactions can contribute to the
production of *>™Nb:

95M0(n, p)95mNb
reaction, >80%;

is the most probable

13.4

13.6 13.8 14.0

14.2 14.4

Neutron Energy [MeV]

14.6

14.8 15.0

*Mol[(n,d) + (n,np)]*"Nb

95M0(n,p)95mNb

%Mo(n, x)*™Nb — the possible contribution & [ i
is changing, approximately, from 2 to § L ]
20%; the evaluations are very scattered .

(see Figure to the right where the ratio of ] ]
*®Mo(n, x)®™Nb cross-section to this of ‘[ o] ]
95Mo(n’ p)gsmNb is Shown); 2 F — ROSFOND2010 |

98M0(n7 a)gSZr - 95mNb - COUId be negIeCted 01340 13‘,2 I 13IA I 1:;,6 I 11;48 14‘.0 I 14‘.2 I 14‘.4 14‘,6 I 14‘8 15.0
since only 1.08% of 95Zr decays to Neutron Energy [MeV]

%MNb. Besides, the gamma counting was
done in the first days after irradiation. 52+ 64.02 d B
ggzr g 12- S8 %35 68 s.gi/o 86.6 h
9V 04 349754
2iNb g
41 p-
5/2%
nat 95m 95M0
Decay data used for Mo(n, X)™"Nb. 42
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
*Mo 15.84 11 o5
% Mo-metal Nb 3.61d 3 235.7 25.0 8
Mo 16.67 15
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nat 96
Mo(n, X)”Nb

"Mo(n,x)**Nb
— e

"Mo(n, x)°Nb i A A

En () FAOtotal | *AOvef 4
[MeV] [mb] [%] [%%]
13.64 | 2.95 4.97 0.80 T
13.87 | 3.2 5.36 0.78 =
1405 | 3.36 4.33 0.77 S
1428 | 3.46 418 0.77 g T T
14.44 3.55 4,05 0.77 O _EAFM
1464 | 3.79 432 0.78 'r E .
Ref. CS is ®Nb(n,2n)**"Nb; oy =1.2

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

*"Mo[(n,d) + (n,np)]°Nb

The samples made of natural molybdenum
were used. Several reactions can contribute to °r
the production of **Nb: s

%®Mo(n, p)®Nb — is the most probable  ’
reaction, >90%; 6
*"Mo(n, x)®Nb — the possible contribution
is changing, approximately, from 1 to
8%; the evaluations are scattered (see s
Figure to the right where the ratio of
%"Mo(n, x)®Nb cross-section to this of
*®Mo(n, p)*Nb is shown). T

0
13.0

**Mo(n,p)*Nb

Ratio [%]

TENDL-2014

—— ENDF/B-VII.1
EAF-2010 -
JENDL-4.0

—— CENDL-3.1

—— ROSFOND-2010

1 1 1 1 1 1 1 1 1
13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

6t 23.35h
96Nb 4
41 B-
A
Decay data used for ~ "*Mo(n, x)*Nb. %Mo
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
*Mo 16.67 15 o 568.9 58.0 3
Mo-metal Nb 2335h 5
Mo 9.60 14 1200.2 19.97 10
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"IMo(n, X)

97Nb

"Mo(n,x)”’Nb

TENDL-2014
—— ENDF/B-VII.1
EAF-2010

—— CENDL3.1
—— ROSFOND-2010
® Present Data

"Mo(n, x)*’Nb T
En o #AOtotal | *AOref
[MeV] [mb] [%0] [%]
13.48 1.42 12.0 1.59 =
13.64 1.44 18.0 1.57 %
13.87 151 152 1.56 2
14.05 1.62 3.97 1.56 %
14.28 1.70 6.63 1.56 3
(@]
14.45 1.74 10.9 1.56 08 I
14.64 1.86 4.98 1.56 L
14.82 2.02 5.0 157
2 1
Ref.CS is ZAI(n, 0)*Na; ay=15 a0 12

The samples made of natural molybdenum

13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

were used. Several reactions can contribute to
the production of *'Nb:

Mo(n, p)*’Nb — is the most probable
reaction, >75%;

%Mo(n, x)*’Nb — the possible contribution
is changing with neutron energy,
approximately, from 1 to 25%; the
evaluations are very scattered (see
Figure to the right where the ratio of
®Mo(n, x)*’Nb cross-section to this of  «
*"Mo(n, p)*’Nb is shown);

28

24

20

Ratio [%]

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
JENDL-4.0
—— CENDL-3.1
—— ROSFOND-2010

19\10(n, 0)*Zr — ’Nb — the contribution
is small due to the half-life of ¥zr

13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

which is much more than the half-life e
of 97Nb. Lo &
e s
Wﬁ;mm
Decay data used for ~ "*Mo(n, x)°'Nb. Mo
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
Mo 9.60 14 o
% Mo-metal Nb 721m 7 657.9 98.23 8
Mo 24.39 37
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*Mo(n, )*Zr

98 95
Mo(n,a)"Zr
98M0(n, a)gszr T T T T T T T T T T T T ’L T T
8 - -
En o #AOtotal | 2AO0vef J
[MeV] | [mb] [%] [%] T
__/d/'
13.47 4.97 6.01 1.31 6 l
'3‘ —
13.64 5.07 6.92 1.29 E 5L ? i
c | _—
1388 | 530 | 852 | 128 | © g/i
O 4 K= TENDL-2014 -
1405 | 594 5.36 127 - e
[} —— CENDL-3.1
14.28 5.87 7.64 1.27 8°r rgeti o
O 5 ToorNimatas
1447 655 5.44 1.27 2 - i 1:85:0ﬂgk>l(elitgzhong+ _
14.68 6.34 4.83 1.28 L : EEEEEZ*%;;“ ]
1486 | 6.69 4.95 1.29 S
Ref CS iS 93Nb(n 2n)92mNb, ad — 1 2 013.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
: : Neutron Energy [MeV]
52+ 64.02d LA
ggzr Bﬁ 1/2+<\ 23568 B goop
%\‘ 34.975d
21Nb g°
5/2+
95
Decay data used for ~ *®Mo(n, a)*Zr. a2Mo
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
724.2 44.27 22
98 95
Mo 24.19 26 Mo-metal Zr 64.032d 6
756.7 54.38 22
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98M0(n, p)98mNb

98 98m
98 98 Mo(n, Nb
MO(n, p) mNb 8 M | LI |( p) LI R T 1
En G | #A0total | #40ref | E B ]
[MeV] | [mb] [%] %l 3 ey S 4 N
61| 2 oo xmeramonss ! | 3
13.48 3.48 14.2 1.84 it 7 . L]
- ® 1985 R.Pepelnik+ P
1364 | 401 | 150 | 174 | B SF[lENSe ] ? % -
c ) L
13.87 4.12 8.71 1.73 9 < L% —
L et ot
14.05 4.14 5.41 1.72 3 1 + ‘ol L
0 3 -
14.28 434 8.66 171 S b
o
14.45 4.78 10.6 1.70 2r .
14.64 4.58 6.26 171 L 1
14.82 4.75 8.71 1.72
Ref. CS is 27A|(n (1)24Na' ad:]..G 013.0 . 13.2 . 13.4 13.6 . 13.8 . 14.0 14.2 . 14.4 14.6 . 14.8 15.0
Neutron Energy [MeV]
19(](:\0
o\
L2 B s13m
2.86's
98
41Nb g
@
98
Decay data used for ~ *Mo(n, p)**™Nb. a2Mo
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
722.6 73.8 15
98 98m
Mo 24.19 26 Mo-metal Nb 51.3m 4
787.4 934 2
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YMo(n, o) zr

"Mo(n,a)”Zr

3.6 T T T T
1N (n, o) zr
3.2
En (o) #AOtotal | 2AO0vef .
[MeV] [mb] [%] [%] '
13.64 221 5.08 2.16 g 24
14.28 2.51 5.60 2.15 g 20
14.44 2.74 5.48 2.15 § -
Ref. CS is ®Nb(n,2n)”"Nb; =17 | 8 ,,| e i
6 I( JENDL-4.0
i  Rosronp-2010
08 |- ® Present Data 4
= 2014 V.Semkova+
3
o4 | e
0.0 1 " 1 1 " 1 " 1 " 1 " 1 " 1 1 " 1 I-
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
12+ 16.91h
97
a0lr o
Q
1/2-  743.35 5275
o2 2 724m
97
41Nb ¢
5/2+
BETTS
Decay data used for ~ *®Mo(n, o))*'Zr. a2Mo
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
Mo 9.67 20 Mo-metal s 16.749h 8 743.4 93.09 16
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Yno(n, 2n)*Mo

19\ 10(n, 2n)*Mo
1600 |-
En o #AOtotal | *AOref 00
[MeV] [mb] [%0] [%]
13.47 1472 3.64 2.81 1200
o)
13.64 1409 3.62 2.80 £ 1000 |
c
13.87 1414 3.29 2.80 2
8 800 - TENDL-2014
1405 | 1447 363 2.79 ® e
g wof| _mes,
14.28 1419 3.29 2.79 8 + Pseibun
1444 | 1427 352 2.79 400 - | 2 o terTie e
& T A Namkowskis
14.64 1406 3.36 2.80 200 |- | & 19 vEumor
@ 1970 W.D.Lu+
14.86 1454 3.19 2.80 .
13.0 13.2 13.4
Ref. CS is ®Nb(n,2n)**"Nb; oy =1.2

100

Mo(n,2n)99Mo

13.6 13.8 14.0

14.2

Neutron Energy [MeV]

14.4

14.6 14.8 15.0

Formally, the 1®Mo(n, x)**Nb is also contributed to production of “*Mo because the *Nb
has a short half-life. The cross-section of the ®Mo(n, x)*Nb reaction is evaluated as 0.8 mb
approximately that is much less than the cross section of the studied *®Mo(n, 2n)**Mo reaction.
Therefore, the contribution of the *®*Mo(n, x)**Nb was ignored.

S\
1220 3{25.29>9%f% 26m
22 0% 1505
#iNb gt
Qg 3639
12t 65.94 h 6g\a
igMO - \«99% %
1121426833 B-g 01 1y
Q13572 92T L% 2111x105y
2%TC B-
5/2%
Q, 293, 99
Decay data used for ~ *®Mo(n, 2n)*Mo. Hee aaRu
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
181.1 6.14 12
100 99
Mo 9.67 20 Mo-metal Mo 65.976 h 24
739.5 12.26 22
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99 95
Tc(n, na)”Nb

*Te(n,na)*Nb

99 95 T T T T T T T T T T T T T
TC(n, n(x) Nb 24 - TENDL-2014 1
= ENDF/B-VII.1
En | O | #0igw| #0w | | [
[MeV] [mb] [%0] [%] ' o hoemna
PESACH
1388 043 27.9 0.562 g 1965 N.W.Golchert+
1447 | 064 | 218 0551 | £
14.68 0.98 12.2 0.566 §
14.80 1.22 9.85 0.566 g
o
Ref. CS is ®Nb(n,2n)**"Nb; =16
0.0 i 1 1 1 1

’ 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

In the experiment, *°Nb ground state decay was measured. The ground state is also
populated by an isomeric transition from a metastable state with the probability 1T = 94.4% (see the

decay scheme Iowerg. The cooling time was ~ 20 days, and about 5.6% of the *™Nb excitation fell
out of the measured *>Nb total exciatation. Let us estimate the lost value.

Isomeric ratio (or brunching ratio that is just the same) is defined as:
It is estimated in evailable evaluations as:

IR(JEFF) ~0.07;  IR(EAF) ~ 0.06;
Assume that IR = 0.05.

IR = on/(omtoy)

IR(TENDL) ~ 0.04

The loss of the ground state population is then 0.05+0.056 ~ 0.003 of the total value that was
used for the ®Tc(n, no)®Nb cross-section determination. This was neglected.

In addition, the samples may contain **Tc with admissible level no more than 0.0008. The
%Tc(n, a)®Nb cross-sections are evaluated in available evaluations as (12 —22) mb that are
resulted in possible contributions of about (0.010 - 0.018) mb. The estimated contributions were not
subtracted from the data presented but were added to the uncertainties.

N

«Z 5.6%
1/2-N\ 235.68‘ 137 86.6 h
92°Y_0 A 349754
95 R
21Nb 52
5/2*
99 95 2>Mo
Decay data used for Tc(n, na)”Nb. 42
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [20]
*Tc 99.92 2 o
% Tc-metal Nb 34.991d 6 765.8 99.808 7
Tc 0.08 2
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*Te(n, o)®Nb

99 96
Tc(n,a) " Nb
ggTC(n a)gGNb ST T T T 1 T T
’ | A4
7
En (o) #AOtotal | +AOref
Mev] | [mb] | [%] [%] .
13.47 5.28 458 0.847 =
5
13.88 5.97 4.90 0.795 E
c
14.47 6.04 479 0.787 2
(O]
U) TENDL-2014
1468 | 639 | 451 | 079 N e |
14.80 6.34 4.62 0.798 5 T
2k * T breempaa | 4
L B 2009 P.Reimer+
Ref. CS is ®Nb(n,2n)*"Nb; ay=1.2 L e
1| T Toeenweomern|
0 1 1 1 1 1 1 1 1 1

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

6+ 23.35h
96Nb 4
41 p-
(LA
99 9% 96Mo
Decay data used for Tc(n, o) Nb. 42
Target Abundance | Chemical Reaction T E, Y,
nucleus [%)] form product vz [keV] [2%6]
99 ) 96 568.9 58.0 3
Tc 99.92 2 Tc-metal Nb 23.35h 5 12002 1997 10
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*Tc(n, 2p)*™Nb

*Tc(n, 2p)®"Nb

En G lLA (Ttotal
[Mev] [mb] [%]
14.80 <0.00015 333

Ref. CS is **Nb(n,2n)*"Nb

)98mNb

001 |

EAF2010
1E-3 — JEFF3.2
3 = S.M.Qaim

TENDL2014,

— AAFilaten

1E-4 |
1E5
1E6 |
=4

1E-8 3

Cross Section [mb]

1E-9 3
1E-10 3

1E-11 3

1E-12 r—

*Te(n,2p
—

| ]

13.0 13.2

13.4 13.6

13.8

14.0

14.2

Neutron Energy [MeV]

14.

4 14.6

14.8 15.0

It was questionable the possibility of experimental measurement of an extremely small
cross-section expected for (n,2p) reaction. Although samples were irradiated and counted in very
close geometries no statistically significant peaks were revealed in the spectra. The upper limit of
the cross section value was set to the 3 statistical uncertainties.

e

Pr}
s 04 286s
98
21Nb
o«
Decay data used for ~ **Tc(n, 2p)®™Nb. 25Mo
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
722.6 73.8 15
99 98m
Tc 99.92 2 Tc-metal Nb 51.3m 4 287 4 934 2
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

*Te(n, p)*Mo

99. 99
Tc(n,p)” Mo
ggTC(n, p)ggMO 18 T T T 1 T T T 1 | T
En o +AOtotal | +AOref
[MeV] [mb] [%] (%]
13.47 135 7.25 1.90 _
Qo
13.88 15.3 7.08 1.88 £,
5 10 | | 4
14.47 14.9 7.16 1.88 =
O 8| .
1468 | 162 | 598 | 188 | @ %
[%2]
14.80 153 6.38 1.88 ST e | ]
a | N -
Ref. CS is ®Nb(n,2n)*"Nb; ay=1.2 > B mamart
0 i 1 1 i 1 i 1 1 1 i 1 i 1 i 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
12+ 65.94 h <°
99M0 Q s
* B_1 /2-?42 68330'0%37%
2y ow Lo
2.111x10%y
99Tc 4
43 p-
5/2%
99 99 99Ru
Decay data used for Tc(n, p)”Mo. 44
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%6]
181.1 6.14 12
99 99
Tc 99.92 2 Tc-metal Mo 65.976 h 24
739.5 12.26 22
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Rh(n, na)®™Tc

1%R_h(n, ne)*®™Tc

En o #AOtotal | *AOref
[MeV] [mb] [%] [%]
13.68 0.050 9.09 4.53
13.88 0.068 8.52 4.53
14.05 0.109 10.2 4.53
14.47 0.147 6.92 4.53
14.86 0.238 6.05 4.53
Ref. CS is ®Nb(n,2n)*"Nb; oy =18

Cross Section [mb]

0.40

103

Rh(n,na)*"Tc
— :

TENDL-2014
EAF-2010
—— JEFF-3.2

0.36 |-

® Present Data

032 |-

—— ROSFOND-2010

= 1968 L.Husain+
& 1966 P.R.Gray+

0.28

0.24

0.20

0.16

0.12

0.08

0.04

0.00

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
q&ég\o
<
T 0.0037%
12 1426833 B 04
9/2+ 0
2.111x10%y
2Tc
43 -
5/2+
99
Decay data used for  '®Rh(n, na)*"Tec. a4Ru
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [2%6]
%Rh 100 Rh-metal ®"Te 6.0067 h 5 1405 89 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

103Rh(n, p)103Ru

103Rh(n, p)103Ru

En o +AOtotal | +AOref
[MeV] [mb] [%] [%]
13.68 20.9 6.12 453
13.88 21.1 5.76 453
14.05 21.2 7.12 453
14.47 21.2 5.71 453
14.86 22.2 5.64 4,53

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2

Cross Section [mb]

28

1°3Rh(n,p
—

)1°3Ru

24 |

0 " 1

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
JENDL-4.0
—— CENDL-3.1
® Present Data
= 1970 W.D.Lu+|

15.0

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]
&
N
1122562 1 69
—_ 39.26d
103 A
a4Ru ¢
N
7/2% " 39.756 5612 m
1/2-Y 0o
103Rh
Decay data used for  ®*Rh(n, p)*®Ru. 45
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
'%Rh 100 Rh-metal Ru 39.247d 13 497.1 91.0 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

103Rh(n, 2n)102mRh

1%3Rh(n, 2n)***"Rh

En o #AOtotal | *AOref
[MeV] [mb] [%0] [%]
13.68 575 4.74 4.59
13.88 579 4.72 4.59
14.05 633 6.03 4.59
14.47 617 4.70 4.59
14.86 652 4.79 4.59

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.1

Cross Section [mb]

800

103Rh(n,2n)102mRh

700 =

600

500 =

400 |-

300 -

200 -

100 [~

0 " 1

TENDL-2014
EAF-2010
—— JEFF-32
® Present Data
= 1981 J.Laurec+
A 1970 W.D.Lu+
1970 A Paulsen+]

13.0

13.2

13.4 13.6 13.8

Neutron Energy [MeV]

14.0 14.2

144

14.6 14.8

15.0

The old data were corrected for the change of the half-life used. The old value was 2.9 y, the

new one is 3.742 y.

o\
,j;b
sa.r7% 6(*) ?:o.?s 2.9
) e e
Rh g
BEO(";A 45 25% 0+
02pd
«___
Decay data used for  ®Rh(n, 2n)!*"Rh. 1%2Ru
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
697.5 44.0 20
%3Rh 100 Rh-metal 102mRh 3.742y 10 766.8 34.0 20
1112.8 19.0 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Rh(n, 2n)'**Rh

15.0

103 102g
Rh(n,2n)"**Rh
103Rh(n, 2n)102th 900 T T T T T T T T
800 %« -
En (o) #AOtotal | £AOref I ]
[MeV] [mb] [%] [%] 700 | + + .lr i
1368 | 648 8.74 6.99 . + i}
Q
13.88 694 8.90 6.99 = .
c 500 - 1 -
14.05 687 11.78 6.99 =)
[&]
14.47 678 8.58 6.99 $ HoF 7
14.86 731 8.50 6.99 8 00l i
O TENDL-2014
Ref. CS is *Nb(n,2n)*"™Nb; o= 1.2 200 | —wrese |
100 | Egg‘gﬁ:& ]
0 i 1 1 i 1 i 1 1 1 i 1 i 1 i 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]
oo
P
0 &Q
gggéﬂ’ 6(*) \14075 29y
U2V 0 a7
%o '25Rh gt
80% 20% 0%
102
(A
102
Decay data used for  ®Rh(n, 2n)**®Rh. 44Ru
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
%Rh 100 Rh-metal 1929Rnh 207.3d 17 468.6 2.90 20
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Rh(n, 2n)'*Rh

1%3Rh(n, 2n)**°Rh
En (&) #A (7t0ta|
[MeV] [mb] [o]
13.68 1225 6.03
13.88 1273 6.18
14.05 1320 8.06
14.47 1296 5.92
14.86 1386 5.91
Ref. CS is **Nb(n,2n)**"Nb

Cross Section [mb]

1600

"®Rnh(n,2n)'”Rh
—

1400

1200

1000 =

600 -

400 |-

200 =

0

TENDL-2014
—— ENDF/B-VII.1

EAF-2010
—— JEFF-3.2
—— JENDL-4.0
—— CENDL-3.1
Present Data

400

1980 J.Frehaut+
1977 L.R Veeser+
1972 D.S.Mather+|
1970 A.Paulsen+

13.0

13.2

13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

The present experimental data for ®Rh(n, 2n)'®Rh cross-section are the sum of the
%3Rh(n, 2n)®™Rh and **Rh(n, 2n)'?°Rh cross-sections measured independently and presented on
the previous pages. This was done for extending the comparative base becase most evaluations
contain the data for the reaction cross-sections without splitting between ground and metastable

state excitations.
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%2pd(n, 2n)***Pd

102 101
Pd(n,2n)"*'Pd
192pd(n, 2n)'**Pd ——————T— .
1200
En o #AOtotal | 2AO0vef
[MeV] [mb] [%] [%] 1000
13.46 837 5.65 4.46 _
Neo)
13.64 867 6.76 4.45 £, 80
1388 | 921 6.64 4.45 S
Q600 |- _
14.05 980 5.14 4.44 3
14.28 1026 6.81 4.44 2 I
5 40r B .
14.48 1028 4.98 4.44 o — g
1468 | 1033 | 687 | 445 ol peEelT ]
1487 | 1065 | 5.9 4.45 3 i
Ref. CS iS gsNb(n’Zn)gszb; ad: 15 ° 1(;.0 . 13I.2 13I.4 . 13:.6 . 13:.8 1;.0 . 14:.2 14:.6 . 1;.8 15I.0
Neutron Energy [MeV]
(5/2+) 847h
X 101
o2%  «3°
EC 9/2¥N\157.32 434 d
U2y 0 3'3y
» 101 '
5/2%
101Ru
Decay data used for ~ '°?Pd(n, 2n)**Pd. 44
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product v [keV] [%]
269.7 6.4 3
19%pg 1.02 1 Pd-metal %pg 8.47h 6 296.3 19.2 8
590.4 121 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%2pd[(n, np) + (n, d)]***™Rh

102 101m
1921, x)1"Rh 00 M R
550 .' TENDL-2014 1
En (¢} iAGtOtN lLAGref 500 ._ — RostOND-2010 _
[MeV] [mb] [%6] [%] [ | 2 T remperiye
450 |- -
13.46 217 23.3 5.08 oo | ]
13.64 256 327 5.08 £ wl ]
1388 | 303 311 5.07 5 .. ]
14.06 274 224 5.07 3
o) 250
14.28 294 33.8 5.07 3
e 200
14.48 315 18.6 5.07 O
14.68 332 31.4 5.07 100
14.87 333 19.8 5.08 5
.. 93 92m . — i N 1 N 1 N 1 N 1 N 1 N 1 N 1 N 1 N 1
Ref. CS is Nb(n,2n) Nb' ad - 12 0‘13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The data was corrected for decay of the ***Pd produced in the **?Pd(n, 2n)'°*Pd reaction.

2*) 8.47h

X 101
Ec 46Pd
02%  <S°
02+ 157,32

EC 4.34d
X 12y 0 4

3
%'Rh
5/2%
Decay data used for ~ '%Pd(n, x)**™Rh. 12411Ru
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
%pd 1.02 1 Pd-metal 1"Rh 4.34d 1 306.9 81 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%2pd[(n, np) + (n, d)]****Rh

102 101g
Pd(n,x)""*Rh
102Pd(n,X)101th %0 — T T T T T " T T T T T T T T 1
80 I —éio%[ééfg-:mo .
En (¢} #A Gtotal #A Gref | ® Present Data
[MeV] [mb] [%] [%%] 70 b -
13.45 37.0 70.3 13.7 = O /
1S i E
14.05 34.2 61.8 137 s or / .
S wl o '
14.49 42.0 95.2 13.7 )
3
o
O

40 - -
@

i Py .

30 _

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2 / ]
20 = -

10 | -

0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 M 1 " 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The data were corrected for decay of the °*Pd produced in the 1®*Pd(n, 2n)'**Pd reaction.

(5/2+) 8.47 h
X 101
. EcasPd
gEzg 02+8 357,32 434 d
51/2-; 0
33y
4 101
tc'9iRh
5/2%
102 101g 101 Ru
Decay data used for Pd(n, x)""°Rh. 44
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
127.2 68 6
192pg 1.02 1 Pd-metal Y19Rh 33y 3 198.0 73 6
325.2 11.8 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

192pg(n, x)'**Rh

En c #AOiotal
[MeV] [mb] [%]
13.45 241 26.4
14.05 293 24.2
14.49 339 24.3

Ref. CS is **Nb(n,2n)*"Nb

Cross Section [mb]

400

%2pd[(n, np) + (n, d)]**'Rh

102Pd(n,x)101Rh

350 =

300 -

250

200

150

100

50

0

—— ENDF/B-VII.1

—— JENDL-4.0

TENDL-2014

EAF-2010

Present Data

13.0

1

3.2 13.4 13.6 13.8 14.0

Neutron Energy [MeV]

14.2 14.4 14.6 14.8

15.0

This is the sum of the %Pd(n, x)!%*™Rh + pd(n, x)"*®Rh cross sections measured
independently and presented on the previous pages.
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

105Pd(n, p)105Rh

105 105
Pd(n,p)'”Rh
105Pd(n,p)105Rh T T T T T T T T 1 T L
En (o) #AOtotal | +AOref
[MeV] [mb] [%] (%]
13.45 30.0 5.87 3.23 _
Qo
14.05 34.4 4.49 3.22 £,
c
1449 | 381 4.00 3.22 2
[0
w
1488 | 420 3.65 3.22 2 ol i
o v
Ref.CS is Nb(n,2n)*™Nb; oy=12| © — s
0 i 1 1 i 1 1 i 1 1 i 1 1 i 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
32+ 4.44h
105Ru LY
444 p-
&
1/2- 29,781 45s
I22Y 0 3536h
105Rh 4
45 -
5/2%
105
Decay data used for  *®®Pd(n, p)*®*Rh. agPd
Target Abundance Chemical Reaction T E, Y,
nucleus [%0] form product 12 [keV] [%]
306.1 513
105 105
Pd 22.33 8 Pd-metal Rh 35.36h 6
318.9 19.1 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

Pd(n, a)'®Ru

106 103
Pd(n,a) "Ru
106Pd(n,a)103RU S T T T T T T T T 1
En G | #4Ciotl | #40ref =y ]
Mt | me | e | pa | TR ]
13.46 4.12 3.91 1.47 S| e
=
13.64 4.63 12.6 1.45 E
c 5
13.88 4.83 16.3 1.44 %
1406 | 4.92 3.06 1.43 »
[2}
1428 | 491 118 1.43 § 3
14.48 5.49 3.14 1.43 2 / 
14.68 5.41 8.65 1.44 L i
14.87 6.26 3.36 1.45
0 1 1 1 1 1 1 1 1 1
9 9om 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is Nb(n,2n) Nb, oy = 1.2 Neutron Energy [MeV]
11/2’62382 1.69 ms
2 ¥ D sooeg
103 7
sRu g
7/2"639.756 5612 m
12-V 0
103
Decay data used for  '%Pd(n, o)) ®Ru. 4sRh
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product v [keV] [%]
1%pg 2733 3 Pd-metal "®Ru 39.247d 13 497.1 91.0 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

106Pd(n, p)lOGmRh

106Pd n’ 106mRh
1%pd(n, p)'*"Rh L
10 <-
En (o) #AOtotal | 2AO0ref i [ + ’+‘
MeV mb % L% 9 4+ * -
[MeV] [mb] [%] [%] t [ + i J+ \ ]
13.46 6.64 5.90 571 [ T i |
1364 | 6.95 6.84 571 T 1 s o] / .
1388 | 804 | 665 5.70 s °r ; — 7
0 —
1405 | 7.80 5.91 5.70 & °
@ 4tk _
14.28 8.10 6.67 5.70 §
r EAF 200 -
14.48 8.85 607 570 : :—';zegt}?;::m
2 - @ 1987 | F.Goncalves+ -
1468 | 945 6.77 5.70 : fmiosr
1 D.Lu+ i
14.86 9.77 6.92 5.71 :
0 " 1 " 1 1 " 1 " 1 1 1 " 1 " 1
. 03 92m 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is “°Nb(n,2n)*"Nb; =12 Neutron Energy [MeV]
G ___B1 B 131 m
D oS Bl diis
106 N
45Rh g
0F e
106
Decay data used for ~ ®°Pd(n, p)*®"Rh. a6Pd
Target Abundance | Chemical Reaction T E, Y,
nucleus [%)] form product 12 [keV] [%0]
450.8 24.2 13
616.1 20.2 14
1%pg 27.33 3 Pd-metal 1%mRh 131 m 2
717.2 28.9 16
1046.7 30.4 16
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%pg(n, a)'*Ru

108 105
Pd(n,a) “Ru
108Pd(n, a)lOSRU 45 T T T T 1 T
£, | O | a0 | 2o | [
[MeV] [mb] [%] (%] 35 b | —Rosronbomo i
1346 | 1.94 6.22 3.31 ol | e
o) 1963 S K.Mukherjee+
13.64 2.37 13.1 3.30 E,
c 25 4
13.88 2.40 13.4 3.30 2
O 20 -
14.06 2.35 6.01 3.29 g
B 15 < -
14.28 2.88 13.2 3.29 S i | |
14.48 3.03 7.34 3.29 1.0 '//
14.68 3.26 9.44 3.30 05 i
14.87 3.74 12.9 3.30 N L
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2 Neutron Energy [MeV]
32+ 4.44h
105 4
a4Ru p°
1.’2’<\129.?81 45s
2 % 3536 h
105Rh 4
450 g
5/2%
105
Decay data used for ~ '®pPd(n, a)'®Ru. agPd
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
469.4 175 6
108 105
Pd 26.46 9 Pd-metal Ru 444h 2
676.4 15.7 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

19pd(n, 2n)*Pd

10pq(n, 2n)1®pPd

En o #AOtotal | *AOref
[MeV] [mb] [%0] [%]
13.45 1549 129 112
14.05 1314 152 112
14.49 1392 143 112
14.88 1566 129 112

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2

Cross Section [mb]

2200

"Pd(n,2n)"*Pd
——

2000

1800

1600

1400

1200

1000

800

600 -

400 |-

200 B~

0 1

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
—— JEFF-3.2
—— JENDL-4.0
® Present Data
= 1999 Kong Xiangzhong+
@ 1977 W.Augustyniak+
4 1970 M.Bormann+

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
S
;/12/3v188.990 4698 i
W\ 13.7012 h
46 p-
N\
396s 7/2*+ " 88.0341
1/2- 0
110 109 1097
Decay data used for Pd(n, 2n)'*Pd. 479
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%6]
110 109
Pd 11.72 9 Pd-metal Pd 13.7012 h 24 88.0 3.6 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1O7Ag(n, 2n)106mAg

107 106m
107 106m Ag(n,2n A
Ag(n’ 2n) Ag 700 T T T T T T gl( T )I T g| T T T T
S
En 9 4AOtotal | #AOref 600 |- v ° ]
[MeV] | [mb] [%] [%] . Sl <]
Y [ < l
54—< < L
1374 | 545 | 334 257 0 = EENDEB S S s -
1396 | 582 3.29 256 | E R :
1419 | 603 3.32 256 S
[&]
14.42 593 3.38 2.56 B 0 - T
] ® PresentData
14.61 600 3.34 2.56 8 7 e er
S 200 | U 1900 T8 Ress .
1478 | 603 317 256 it
Ref. CS is ©Nb(n,2n)?™Nb; =12 o 3w 1T
0 1 1 i 1 1 1 i 1 i 1 i 1 i 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
EC £ 8988 gog 4
23.96 m 11°6A e 0*106_0
GRUST- T
0+
106
Decay data used for ~ **’Ag(n, 2n)'®"Ag. agPd
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
451.0 28.2 7
616.2 216 6
YAg 51.839 8 Ag-metal 10emAg 8.28d 2
717.3 28.9 8
1045.8 29.6 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

109Ag(n, 2n)108mAg

109 108m
Ag(n,2n) " Ag
109Ag(n, 2n)108mAg T T . T . T - T . T . T
800 |-
En (¢} #AOtotal | £AOref 700 |-
[MeV] [mb] [%] [%]
1370 | 667 6.20 2.26 _ T ]
Q I
14.10 718 5.74 2.25 E w0 .
o
14.50 727 5.63 2.25 B ol ]
14.80 747 551 2.26 @
8 300 TENDL-2014 ]
Ref.CS is “Nb(n2m)™"Nb; =101 | © T P, | ]
0 i 1 1 i 1 i 1 1 i 1 i 1 i 1
13.0 13.2 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
e
/\
91.3% _, LY
EC 6+ 109.440 418y
» —* 237m
EC 47A9 p-
2.85% 97.15%
0+
108
4gCd
O+
108
Decay data used for ~ '®Ag(n, 2n)'®MAg. 46Pd
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] Form product v [keV] [%0]
433.9 90.5 6
%Ag "99.4 1 Ag-metal 1%8mAg 438y 9 614.3 89.8 19
722.9 90.8 19

- refer to samples enriched by Silver-109
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

106Cd(n, X)105A9+106Cd(n, 2n)105Cd

®Cd(n,2n)'cd + "*Cd[(n,np)+(n,d)]' *Ag

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
—— JENDL-4.0 —
® Present Data

%Cd(n, x)'®°Ag+%®Cd(n, 2n)**cd 1400 ]
En (o] #AOtotal | FAOref 1200
[MeV] [mb] [%0] [%]
13.45 815 7.98 7.26 1000
13.56 920 136 7.26 £
1374 | 900 100 7.26 s
13.88 905 7.73 7.25 D oo
[7p]
13.96 960 9.38 7.25 @
[e]
14.19 1070 11.2 7.25 O 40|
14.43 1085 7.37 7.25
14.63 1080 7.41 7.25 20r
14.78 1250 9.60 7.26 N N R
1488 1170 769 726 13.0 13.2 13.4 13.6 13.8
Ref.CS is ®Nb(n,2n)*"Nb; =12

14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The '®Ag production cross section is presented in this page. It was measured using the '®Ag y-rays
given in the Table at the page bottom. Since the *®Ag half live is 41.29 d, the irradiation, cooling and gamma
counting were comparatively long at more than several hours. Under these conditions not only the
1%cd(n, x)'®Ag cross-section is measured (here (n, x) is the sum of (n, d) and (n, np) reactions) but
also *Cd(n, 2n)'®Cd is added to the measurement result because the **°Cd half-life is 55.5 min
and practically all the 1®Cd nuclei decay into the 1®°Ag after cooling time more than 5 hours.

The 1%®Cd(n, 2n)'®Cd was separately measured in short irradiations that were accompanied by
short cooling time and short gamma countings of less than 1h. The data obtained for the

1%8Cd(n, 2n)*™Cd cross section are presented on the next page.

To reduce errors, the 1%®Cd(n, 2n)*®Cd cross section was approximated by a polynom of the
second order before subtracting it from the total *®Ag production cross section to determine the

1%6cd(n, x)'®Ag cross section shown two pages later.

In this page data Table, the total ‘®Ag production cross
section is presented that was measured under the conditions
described above. The experimental data agree well with the

52+ 55.5m
£c'%aCd
Dé“c% & 723m
#12¥ 0 41294

corresponding cross section sums taken from evaluations. At least, %A
this is valid for three of five available evaluations.
Decay data of 1®°Ag "3Pd
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] Form product vz [keV] [2%6]
280.4 30.2 17
106 105 644.5 1116
Cd 1.25 6 Cd-metal Ag 41.29d 7
650.7 2.54 4
1087.9 3.85 17
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%cd(n, 2n)**cd

106 105
cd(n,2n)'®cd
106Cd(n, 2n)105Cd 1000 T T T T T T T T T T T T /1= X1
En (e} #AOtotal | FAOref
[MeV] [mb] [%0] [%]
13.47 398 9.22 8.01
13.64 441 10.0 8.01 g
13.88 457 9.18 8.01 IS
14.05 485 8.21 8.01 ® [
2 <
14.28 478 10.0 8.01 § J J
14.47 545 9.82 8.01 o oor — s ]
14.68 521 8.10 8.01 200 | —iEei |-
14.81 543 8.14 8.01 100 | 2 ol Ameun|
14.86 559 10.4 8.01 B I R R S S TP T SR S
9 o 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is “’Nb(n,2n) "Nb; ay=15 Neutron Energy [MeV]

The present data on *°°Cd(n, 2n)!%°Cd cross sections agree well with the latest experimental
data [22] obtained for this reaction in JAERI. However, the old experiments carried out in sixties of
the past century gave the results that are almost two times higher, and most evaluations follow the
old data.

It seems desirable to pay more attention to the recent experimental data that were performed
independently but are in a good agreement.

52t 555m
105
ég\“ ’EC 48Cd
034% __ &%
C I2T_25485 495
» ”ﬁ’o's O 4129d
Ec 47A0
52+
Decay data used for ~ '°°Cd(n, 2n)**Cd. 195Pd
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] Form product vz [keV] [%0]
648.5 157 11
961.8 4.7 3
1%cd 1.25 6 Cd-metal 1%Cd 55.5m 4
1302.5 41 3
1693.3 3.54 24
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

(n, np)+(n,d)]""Ag

106C d
1°6Cd(n, X)lOSAg
En ) 2AOtotal
[MeV] [mb] [%]
13.45 415 15.4
13.56 499 25.1
13.74 463 19.6
13.88 446 15.5
13.96 496 17.6
14.19 582 20.5
14.43 577 14.1
14.63 543 13.7
14.78 712 16.2
14.88 606 15.2
Ref. CS is **Nb(n,2n)*"Nb

Cross Section [mb]

800 ——

"®Cd[(n,np)+(n,d)]'°Ag

TENDL-2
700 -
—— JEFF-32

600 > 1993 C K

—— ENDF/B-VIIL1
EAF-2010

JENDL-4.0
® Present Data

@ 1969 W.Lu+

014

ooooo

500

400

300

200

100

0 n I

1 " 1 " Il.

13.0 13.2

13.4

13.6

13.8

14.0 14.2

Neutron Energy [MeV]

14.4

14.6 14.8 15.0

The present data are the result of subtracting the 1%°Cd(n, 2n)'®Cd cross-sections given in the
previous page from the ®Ag production cross-section discussed two pages earlier. The data are

shown in the Table and in the Figure above (olive circles in the Figure).

In the same way, the data of Konno at al. [22] were obtained (magenta triangles in the
Figure). The disagreement between these two data sets is obvious.

A possible cause of the observed cross section difference may be the difference in the
reference decay data used. So, the y-ray 443.00 keV with the intensity 17.1% was taken in [22].
According to the recent evaluations [26], the intensity 10.5% is recommended for the gamma-line
443.37 keV. If the gamma intensity would be changed to the recently recommended value then the

agreement between the two cross-section data sets will be much better.

52+ 665 m

In our experiment, four y-rays were used, and the cross-section %.1%¢cd
data calculated for any one of the y-lines agrees within errors with the T
results for any other y-ray. The y-line with the energy about 443 kev EC:%AZ;?SJL
was not included in the list of the analysed y-rays. Ec 47Ad
Decay data used for CS 1%8cd(n, x)*®Ag. 5'ngpd
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] Form product vz [keV] [%0]
280.4 30.2 17
106 105 644.5 11.1 6
Cd 1.25 6 Cd-metal Ag 41.29d 7
650.7 254 4
1087.9 3.85 17
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

106Cd (n , p) 106mAg

106 106m
Cd(n,p) Ag
106Cd(n,p)106mAg 80 T — +~ r - 1 - 1 - T+ 1T T 1
En o +AOtotal | +AOref
[MeV] [mb] [%] (%]
13.45 46.3 4.85 5.45 _
e}
13.88 48.0 5.13 5.44 E
c
14.44 44.9 6.43 5.44 2
[0
14.64 44.7 8.78 5.45 @
[%2]
14.88 43.1 5.82 5.45 S
20 |- B | A
Ref. CS is ®Nb(n,2n)*"Nb; ay=1.2 S oo oot
10 F HR
0 1 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
EC 58986 gogyg
2396m*”106 0‘ o* 0
Ag & 106
ggg% 47 g J?% 48C d
o
106
Decay data used for  *°Cd(n, p)'®*"Ag. agPd
Target Abundance | Chemical Reaction T E, Yy
nucleus [%0] Form product vz [keV] [%0]
429.6 13.2 4
451.0 282 7
1%¢cd 1.25 6 Cd-metal 10emAg 8.28d 2
824.7 15.3 4
1527.6 16.3 13
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%cd(n, 2n)*'cd

1%cd(n, 2n)**"cd

En o #AOtotal | *AOref
[MeV] [mb] [%0] [%]
13.45 1107 16.8 7.26
13.88 1317 205 7.25
14.44 1164 7.29 7.25
14.64 1493 7.45 7.25
14.81 1372 5.40 7.25

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2

Cross Section [mb]

1600

®Cd(n,2n)""Cd
—

1400

1200

1000

800

600 -

400 -

200 =

0 " 1

TENDL-2014
—— ENDF/B-VII.1 -
EAF-2010
—— JENDL-4.0
® Present Data
1987 |.F.Goncalves+
m 1970 W.D.Lu+ -1

13.0 13.2

13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

52+ 6.50 h
» 107
EC 2-3Cd
72 80313 440
1/2- 0
108 107 107A
Decay data used for Cd(n, 2n)~'Cd. 47”9
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] Form product v [keV] [%0]
%cd 0.89 3 Cd-metal 7cd 6.50 h 2 93.1 4.7 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

110Cd (n ’ p)llomAg

110 110m
Cd(n.p) "Ag
110Cd(n, p)llomAg 14 T T T T T T T T T T 1
13 -
En o #AOtotal | 2AO0vef 2r ]
[MeV] [mb] [9%6] [%] 1"k ]
10 | L_
1345 | 6.01 4.34 158 _ +L _
T 9fF % @l -
13.88 6.63 3.80 1.55 E L T ] : 1 A
c <
1444 | 827 470 155 = | 1
3]
1464 | 852 4.56 155 @0
»w 5
14.88 9.52 7.07 1.56 S 4
Ref. CS is *Nb(n,2n)*"Nb; g =1.2 Z ) _2935 ]
1+ ‘ -
013.0 . 13.2 13.4 13.6 . 13.8 . 14.0 . 14.2 . 14.4 . 14.6 . 14.8 15.0
Neutron Energy [MeV]
oo
<A 98.64%
6+ 1759 B- 94979 4
T Y 04 246s
. 110 '
0 ‘ec 47Ad p°
11(6]Pd 0.30% 99.70%
Decay data used for ~ *°Cd(n, p)***"Ag.
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] Form product vz [keV] [%0]
657.8 95.61 9
o o 884.7 75.0 11
Cd 12.49 18 Cd-metal Ag 249.83d 4
937.5 35.0 3
1384.3 251 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0cd(n, 2n)**cd

"°Cd(n,2n)"“Cd
—

110Cd(n, 2n)109Cd 1800 —
1600
En (o) #AOtotal | 2AO0vef
[MeV] [mb] [%] [%] 1400
13.45 1319 13.6 3.38 = 1200
1S
13.88 1485 18.5 3.37 'g 1000
14.44 1527 10.2 3.36 B
& ot
14.64 1598 8.59 3.37 o
g 600 -
Ref. CS is ®Nb(n,2n)*"Nb;  ay=12| © ”
200 |-
0 1

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JENDL-4.0
® Present Data
= 1970 W.D.Lu+|

13.0 13.2

13.4 13.6

13.8

Neutron Energy [MeV]

14.0 14.2

14.6 14.8 15.0

39.6 7/2*688.0341 XW
e 112- o EC 48Cd
109
Decay data used for ~ *°Cd(n, 2n)*®°Cd. 47”9
Target Abundance | Chemical Reaction Tua E, Y,
nucleus [%0] Form product [keV] [%0]
"ocd 12.49 18 Cd-metal °cd 461.4d 12 88.0 3.70 11
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

111Cd(n, p)lllAg

111 111
Cd(n,p) "Ag
111Cd(n, p)lllAg 40 T T | L T T
En (o) #AOtotal | AO0ref
[MeV] [mb] [%] [%]
13.45 20.3 11.8 4.62 _
Qo
13.88 234 12.8 4.61 E
c
1444 | 239 7.86 461 2
3]
14.64 26.6 7.04 4.61 @
[%2] TENDL-2014
14.88 31.0 7.04 4.62 5 b J —gorevin |
Ref.CS is “Nb(n,2n)"™"Nb; g =1.2 °r : igkem | ]
s v 1ooi8p oo
0 i 1 1 i 1 1 i 1 i 1 1 1 i 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
o\
¢
é@ 0.7%
712* " 5982 B-gago
V2 ¥ 04 7454
111 4
a7Ag p-
&
N
11/2- "396.22 48.54 m
1/2+ 0
111 111 icd
Decay data used for Cd(n, p)Ag. 48
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] Form product v [keV] [%0]
245.4 124 9
111 111
Cd 12.80 12 Cd-metal A 7.45d 1
g 342.1 6.7 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

2Cd(n, a)**°Pd

12¢d(n, o)'*Pd

En o #AOtotal | *AOref
[MeV] [mb] [%0] [%]
13.45 3.40 353 112
13.88 2.34 293 112
14.44 3.80 237 112
14.64 3.81 26.3 112
14.88 4.86 27.1 112

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2

Cross Section [mb]

"2Cd(n,0)'Pd

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JENDL-4.0
® Present Data

4k |V

® 1967 Yu-Wen Yu+
1963 V.N.Levkovskiy
1956 B.G.Dzantijev+

0 1 1

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
&
11/2-"188.990 4.696 m
52+ Y 0 y
3.7012 h
109 Pd 2
46 p-
S
39 6 ¢ 12" 880341
1/2- 0
109 Ag
Decay data used for ~ *?Cd(n, a))'*Pd. 47
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] Form product vz [keV] [20]
H2cd 24.13 21 Cd-metal pg 13.7012 h 24 88.0 3.6 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

112Cd(n, p)112Ag

112 112
Cd(n,p) “Ag
112Cd(n, p)lleg 24 — 71T T - T - 1 ~ T T~ T * T " 1T T ZL
2 | J—
En (¢} #AOtotal | £AOref 20 | l ]
[MeV] [mb] [%] (%] i A
18
13.46 10.0 9.00 7.07 e A—
_Q 3
13.64 10.4 9.54 7.06 E 4 1
C L
13.89 12.8 8.50 7.06 % 12 b
)
1405 136 956 706 2 10 - —;E’SE/Lez\?m
1428 | 147 8.08 7.06 g s e |
14.47 146 8.13 7.06 T i
1468 | 16.9 7.60 7.06 T D, | ]
2 L 1963 V.N.Levkovskiy| _
14.81 16.5 8.76 7.06 - |
0 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1
1486 154 7.75 7.06 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2
2¢) 3.130 h
112 A
47Ag g
e
112
Decay data used for ~ *?Cd(n, p)***Ag. 4gCd
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] Form product v [keV] [%0]
12cd 24.13 21 Cd-metal 2pg 3.130h 8 617.5 43 5

139



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

112Cd(n, 2n)111mCd

112 111m
112Cd(n7 Zn)lllmCd 900 T T T T 'Cdl(ny'zn)l 'Cdl T T T T
En c 2AOtotal | *AOref . i il
[MeV] | [mb] [%] [%] 700 |1 l 1 . _
e — T
13.47 641 8.02 6.28 i R # \ ?ﬂa }Y + I ¥
= 60 Y l L -
13.64 628 9.37 6.28 E \ ]
— 500 |- -
13.88 638 8.12 6.28 S
3 400 |- %‘L% _
14.05 630 7.89 6.27 » i
2]
1428 | 593 9.89 6.27 g L R —————" .
1447 | 634 8.10 6.27 oo || L. .
14.68 647 7.48 6.28 whk |5 R |
14.81 695 6.39 6.28 1
0 1 " 1 1 1 " 1 " 1 " 1 1 " 1 " 1 1
1486 647 673 628 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2

5°
0.7%

B_

5]
710+ 59.82

1

&
1/2-1396.22

111
Decay data used for ~ *2Cd(n, 2n)**'"Cd. 48Cd
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] Form product vz [keV] [2%6]
112 111m 150.8 29.1 18
Cd 24.13 21 Cd-metal Cd 48.50m 9 245 4 01 7

140



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

113Cd(n, p)113Ag

113 113
Cd(n,p) "Ag
113Cd(n,p)113Ag |'|'|'|'|'|'|'|'|"
B TENDL-2014 [ ‘_
En G | #AGCiota | #ACref e 1 §
[MeV] [mb] [96] [%] Sl N e ]
1345 108 11.1 3.41 2 * 1963v.r;.Levkovskly
Qo
13.88 13.8 109 3.40 £
S 16
1444 | 150 126 3.40 2
[0
14.64 19.0 9.93 3.40 D 12 +
[%2]
1481 | 198 | 950 3.40 g ) - —
8 - ]
14.88 | 223 10.3 3.40 //
4 4
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2
013.0 . 13.2 . 13.4 . 13.6 . 13.8 . 14.0 . 14.2 . 14.4 . 14.6 . 14.8 15.0
Neutron Energy [MeV]
(9;2—)(‘ 811 04s
= ”’; ;;003
M3pg &
a5Pd g .
6@ 36%
72t 43.5 ﬁiGB.TS
47Ag -
&
11/2—63635999‘8?% &
9.3)(1;'1151,21»,13 0 112 391 691 16582 h
43Cd ¢
9/2+ 0
113
Decay data used for ~ *3Cd(n, p)***Ag. a3l
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] Form product v [keV] [%0]
113 113
Cd 12.22 12 Cd-metal Ag 537h 5 298.6 10.0 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

114Cd (n ’ a)lllm Pd

" o 114Cd(n,0.)111mpd
Cd(n1 O(.) mpd 0.44 — T T T T 1 LE—— ]
040 - TENDL-2014 T
En G | #ACota | 2AOvef N I i e ]
[MeV] [mb] [%6] [%] : “’W ]
032 | Dzantijev+ i
13.45 0.155 18.5 11.2 T oz L l )
E ]
13.88 0.156 18.5 11.2 = ]
2 -
14.44 0.237 34.1 11.2 8 ]
w 1
1464 | 0288 | 146 | 112 o —
o ]
14.81 0.222 39.8 11.2 O i
14.88 0.298 24.6 11.2 i
Ref. CS is ®Nb(n,2n)**"Nb; oy =1.2 [ |
0'0013.0 . 13.2 . 13.4 . 13.6 . 13.8 14.0 . 14.2 . 14.4 14.6 . 14.8 15.0
Neutron Energy [MeV]
\&“pg\a 27%
11/2- " 1722 5, 5.5h
5/2+ 04
Tipg & 4" s
46 p- S
712+ ™ 50.82 B- 648 s
1/2- 0 7.4éd
111 A
a7Ag p-
12622 g0,
Decay data used for ~ *Cd(n, o)"'™Pd. 13sCd
Target Abundance | Chemical Reaction T E, Yy
nucleus [%0] Form product vz [keV] [%0]
114 111m
Cd 28.73 42 Cd-metal Pd 55h 1 172.2 46 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

18Cd(n, 2n)*>*Cd

116 1159
Cd(n,2n Cd
16 (n, 2n)H%9Cd Y — ) R
900 |- I i
En (o) #AOtotal | +AOref I ¢ @ " _‘r @ L L L ]
[MeV] [mb] [%] [%] 800 _'/#/———‘Ht T ¢ 9-
13.45 793 351 3.31 = or .
13.56 851 3.46 3.30 E ool .
5
13.74 837 3.31 3.30 g 500 = .
13.88 814 3.56 3.30 g a00 |- -
13.96 | 828 5.63 3.30 S wof e | -
14.19 829 3.43 3.29 200 | i
14.43 809 3.45 3.29 100 | L I
14.63 807 3.85 3.30 I e 1 [P DR T | [P DR T |
013.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
14.80 794 3.56 3.30 Neutron Energy [MeV]
14.88 818 4.15 3.30
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2
11/2=  181.0 B* 44.6 d
12___ 04 5346h
1;Ilng B>5 ca""@\n 5.0%
1/2’6336.24 ﬁf 4.486 h
9/2+ 0 & ) 14
e 4.41x1014 y
49 B-
1/2+ 0
115
Decay data used for  *°Cd(n, 2n)**Cd. 505N
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] Form product vz [keV] [%]
492 .4 8.03 18
Hecd 7.49 18 Cd-metal 1590y 53.46 h 5 5979 756
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

116Cd(n, 2n)115mCd

116 115m
116Cd(n, 2n)115mCd 000 o _ IColl(n,?n)l .Cd, I
900 |- L -
=h o ZAOtotal | *AOref i{ P,L S =
[MeV] [mb] [9%6] [%] 800 [ l@(l% J J 4
/ -
13.45 503 35.8 351 700 / ° é i .
g ®
13.56 621 427 35.1 £, e00 | ® ® -
C
13.74 705 411 35.1 % 500 | . o
[0}
13.88 511 355 35.1 3 400 |- i
[2}
13.96 591 435 35.1 R o E—— _
1419 | 590 433 35.1 200 [ |73 Poaen i
14.44 559 348 35.1 100 b ; gglé%vd |
14.64 530 36.8 35.1 o Lo . . . ! ! ! !
14 88 526 37 5 35 1 13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
i ' ' Neutron Energy [MeV]
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2
11/2-  181.0 B_ 446d
1/2+ 0 )
W 5346h 00\"
48 — < 50%
1/2-\" 336.24 B_ 4.486 h
9/2+Y 0
4.41x101y
115
agln g
1/2+ 0
115g
n
50
Decay data used for ~ *'°Cd(n, 2n)**"Cd.
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] Form product vz [keV] [%6]
484.5 0.29 10
Hecd 7.49 18 Cd-metal Hemed 44.56 d 24 933.8 2.0 7
1290.6 093
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

18cd(n, 2n)*>Cd

18cd(n, 2n)*°Cd

115Cd

"°Cd(n,2n)

T
1800

1600

1400

1200

1000 =

800 -

600 -

Cross Section [mb]

400 =

200 =

0 1 1 1 1 1

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JENDL-4.0
® Present Data
B 1961 R.J.Prestwood+

En G +ACiota
[MeV] [mb] [%]
13.45 1296 14.2
13.56 1472 18.2
13.74 1542 19.0
13.88 1325 13.9
13.96 1418 185
14.19 1418 18.2
14.44 1368 145
14.63 1337 14.9
14.88 1320 15.2

13.0 13.2 13.4 13.6 13.8 14.0

Ref. CS is **Nb(n,2n)*"Nb

14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

This is the sum of the ™°Cd(n, 2n)***"Cd and **Cd(n, 2n)***9Cd cross sections measured
independently and presented on previous pages.

12 1810 B 4444
12204 5346h
RCd 2t Y
128 336,24 B~ 4486 h
9/2* o114
W‘ 4.41x10%y
49 p-
1/2+ 0
115
500N
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

113| n(n’ n-)113m|n

113 113m
113 n113m In(n,n")" In
In(n! n) In 110 1 IT T 1 r T 1 ° 1 T 1
100 j E —
En (o) #AOtotal | 2AOvef - L
[MeV] [mb] [%] [%] or |
13.56 737 6.69 1.34 or
g w0}
13.74 60.9 8.18 1.33 E,
13.96 | 684 8.60 132 s r
ot 50 - TENDL-2014
1419 | 59.4 7.85 131 %) st
% 40 = . Presenlpala
14.42 52.5 10.2 1.32 o T oas c Komer ]
O 30 || 5 1691 camuesor .
14.61 54.2 114 1.32 4 1990 CKomor. 1
2 | 3 o5V bomaine .
14.78 51.9 111 1.33 $ esoi
10 || 2 toranpassie B
| 0 1970 J.K.Temperley+
Ref. CS is Nb(n,2n)*"Nb; oy =1.6 by I— P B L L L
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
N
12 391691 4 sraop,
g/2+ 0
113 113 f 13| n
Decay data used for In(n, n*)"~"In. 49
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product 12 [keV] [%0]
113 113m
In 429 5 In-metal In 99.476 m 23 391.7 64.94 17
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

115| n(n’ a)lleg

115 112
In(n,a) “A
115|n(n, a)lleg 32 T T — (I ) T g' T T T
)
En (o) #AOtotal | +AOref 2r
[MeV] [mb] [%] [%%] e
> 4
1356 | 1.66 15.9 11.6 ~‘ﬂ
) + 1
13.74 1.92 16.3 116 E
c
13.96 | 2.03 146 116 S —mess | -
q_) —— EAF-2010
14.19 2.29 145 11.6 @ o Conbia
@ = DobrelTust T
14.42 2.04 14.0 11.6 8 3 T Aot
1461 | 2.25 14.0 116 “r =t |
1478 | 258 13.9 116 oa b 3 muniionte |
Ref. CS is 93Nb(n,2n)92mNb; = 1.3 0.0 P | 1 L 1 | IR R | 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
m‘
112
47Ag g
o
112
Decay data used for ~ °In(n, a)*?Ag. 48Cd
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
115 112
In 95.71 5 In-metal Ag 3.130h 8 617.4 43 5

147



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

115| n(n’ p)115mCd

115 115m
115 115 In(n,p) ~"Cd
In(n| p) mCd 12 T T — T T ‘T T T T T " 1 I‘b‘
N TENDL-2014 [ [4_
En | O |#ACitw | 2407 R . N
M | o) || L | J
9 = L 1987BELeshchen}<i+ -
13.47 3.99 40.1 35.0 [ ooy [ J H
T ° =
13.64 4.10 39.9 35.0 E, nl \
1388 | 487 39.0 35.0 S .
[8)
14.05 5.07 38.9 35.0 B s
2]
14.28 5.16 38.8 35.0 g 4
O
14.47 5.19 38.8 35.0 °r
14.68 5.60 38.6 35.0 T ]
1 .
14.86 6.13 38.4 35.0 . . . . . . . . .
. o3 92m 013.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is “°Nb(n,2n)*"Nb; agy=1.1 Neutron Energy [MeV]
11/2- 181.0 [_’)— 44.6d
i Ly :
32 9N 5346h
1 15Cd 4 N
48 - ! éq@' 5.0%
;;; 336'2‘; ; f— 4.486 h
2T ° N 4413101
EETPOE N
49 B-
1/2+ 0
115 115 1 153[1
Decay data used for In(n, p)~"Cd. 50
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
115 115m
In 95.71 5 In-metal Cd 4456 d 24 933.8 2.0 7
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

115| n(n’ p)115ng

15 1159
115 115 In(n, Cd
In(n’ p) ng 6 T T T T T (I p') T T T T T T
En (o) 2AOtotal | +AOref s
[MeV] [mb] [%] [%]
1347 | 3.90 9.67 2.27 .
1364 | 3.83 5.12 2.26 £
1388 | 433 4.26 2.26 I
O
1405 | 464 8.79 2.25 ®
74 TENDL-2014
14.28 4.79 6.59 2.25 S 2t T
O L] PresenI_Da(a
1447 | 493 3.87 2.25 o
1468 | 4.97 3.84 2.26 T vimoscua | ]
14.86 5.18 3.48 2.26 } e
0 1 1 " 1 " 1 1 " 1 1 " 1 " 1
. 93 9om . _ 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is “°Nb(n,2n)*"Nb; =12 Neutron Energy [MeV]
11/2-  181.0 B— 44.6d
1z 110 :
12204 5346h
11SCd 4 $©
48 p- _«a‘" 5.0%
—;j; 3 336‘23 \B— 4.486 h
14
T8 4.41x1014 y
49'N B~
1/2* 0
115
Decay data used for ~ *°In(n, p)**%Cd. 509N
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%]
492.4 8.03 18
115 115
In 95.71 5 In-metal °Cd 5346 h 5
527.9 275 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

115| n(n’ p)115Cd

115|n(n’ p)115cd

Cross Section [mb]

0 " 1 " 1

En c +ACiota
[MeV] [mb] [%]
13.47 7.88 24.4
13.64 7.92 22.8
13.88 9.20 22.4
14.05 9.71 23.9
14.28 9.95 22.9
14.47 10.1 215
14.68 10.6 22.0
14.86 11.3 22.2

Ref. CS %Nb(n,2n)**"Nb

115|n(n,p)115Cd
T T T T T

TENDL-2014
EAF-2010
—— CENDL-3.1
—— ROSFOND-2010 -1
® Present Data

13.0 13.2 134

13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

This is the sum of the *In(n, p)***"Cd and *In(n, p)*'*°Cd cross-sections measured
independently and presented on previous pages.

11/2-

TR
1/i 1 5Cd0 4
48 B~

181.0 B_

446 d
53.46 h
S®

P’
1/2;\ 336.24 B_ 4.486 h
2V 04 4.41x1014 y

115|n
49 p-
1/2% 0

115
509N

5.0%
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

115| n(n’ n-)115m|n

115 115m
| ' |

115 n 115 n(n,n n
|n(n,n)m|n 110 T T T T T T T T T T T 1
[ o
100 =+ -
En o #AOtotal | 2AO0vef .
MeV b % % o0 7
[MeV] [mb] [%] (%] -_|—\_1T
80 = — -
13.56 79.4 5.42 4.84
9 0} -
13-74 72-4 571 484 ‘g' TENDL-2014
c 60 = EAF-2010 —]
13.96 67.8 4.60 4.84 2 o Pt
B 50| T ik 5
14.19 64.7 5.93 4.84 3 " vt
1442 | 618 4.86 4.84 S 1 e
O 30|37 ek .
14.61 62.0 4.85 4.84 2 1305V Dometein
201 | 3 io7e pmsarsaons 7
14.78 59.1 4.94 4.84 3 1977 Gagnussont
10 |- <@ 1970P.‘Décowsk\+ =
® 1967 H.O.Menlove+
Ref. CS is 93Nb(n,2n)92mNb; %:15 0 PR PR | | I | | IR PR | | I |
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
de
Q
,\Q,‘O' 5.0%
S _
12 S5062t B 44861
4.41x1014 y
1 15| n
49 B-
1/2+ 0
1 158n
Decay data used for ~ *°In(n, n")**"In. 50
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product vz [keV] [20]
115 115m
In 95.71 5 In-metal In 4486 h 4 336.2 458 22
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

151n(n, 2n)Mn

115 114m
In(n 2n)
BIn(n, 2n)H4Mn fe00 —— {F
1400 % % ? % o o
Eﬂ (¢} i‘AGtOtal +AOvef I T x +T*—4L‘$%A_L T 1
[MeV] [mb] [%] [%] 1200 ﬁ“—"?“—‘ 7
1356 | 1228 | 578 | 417 | a i '
-g 1000 + = <
1374 | 1242 | 805 6.99 £ % f )
5] Earaoi ™
13.96 1328 4.89 2.82 3 800 1= g
& ;e
1419 | 1331 9.02 8.08 o ol 2 oo | ]
o v 1989 Lu Hanlin+
14.42 1314 5.18 3.28 IS} 5 1904 AReogOUG*
400 - e Aol By
14.61 1426 7.01 5.76 o o7 APasen
14.78 1249 6.81 5.51 or  isrnionnme: | ]
) 93 gzm 0 " 1 " 1 " 1 " 1 1 " 1 1 " 1 " 1
Ref. CS is “°Nb(n,2n)*"Nb; =12 130 132 134 136 138 140 142 144 146 148 150

Neutron Energy [MeV]

S
8- 501.98 43.1 ms
":‘Q\n ’
4E4(§) 5+<\ 190.34 4951 d
= 49.
719s
114 ;
0+ 0.50% 99.50%
1 14Cd
0+
115 114m g 14Sn
Decay data used for In(n, 2n)~""In.
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [%0]
190.3 15.56 15
n 95.71 5 In-metal H4Mn 49.51d 1 558.4 4.4 4
725.2 44 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

12Sn(n, 2n)***sn

11281 (n, 2n)*sn

En &) #ACtotal | +AO0ret
[MeV] [mb] [%] [%%]
13.47 641 19.8 15.4
14.05 764 155 15.4
14.28 691 19.0 15.4
14.68 772 163 15.4
14.81 865 168 15.4
14.88 804 17.0 15.4

Ref. CS is ZAl(n, 0)**Na; g =23

Cross Section [mb]

1600

1400

1200

1000

800

TENDL-2014
I—— ENDF/B-VII.1
600 [=[— JENDL-4.0
—— CENDL-3.1
Present Data

2005 E.Betak+
1988 Y.lkeda+

1973 J Araminowicz+
1970 J K. Temperley+
1970 RW.Fink+
1968 M.Bormann+
1968 S.Lulic+

1963 L.A.Rayburn
1960 H.A. Tewes+

0 M 1

400

200 [

et PaAcES

2008 Pu Zhong-Sheng#,

e
+

13.0 13.2

13.4

13.6

13.8

14.0 14.2

14.4 14.6 14.8

Neutron Energy [MeV]

15.0

One of the possible reasons for the discrepancy of the present cros-sections with the data of
[21] may be a difference in the reference data. For example, the 761.2 keV intensity was 0.66 in
[21] but it is 1.48 in the present work, and this value agrees with intensities of other gamma lines
observed in the present experiment.

r2 35.3m
%o 'Tisn
1/2*653?.15 77m
/9%—0 2.8049 d
EC 4g|n
11/2*%9622
22 4854 m
1/2+ 0
111
Decay data used 125n(n, 2n)**sn. 48Cd
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
762.0 1.48 23
» » 1153.0 2.7 4
Sn 097 1 Sn-metal Sn 35.3m 6
1610.5 1.31 20
1914.7 20 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

12sn[(n, np)+(n, d)]**In
11250 (n, x)*n 500 ——————— 11?Sq[(n?np?+(r-]’d).]m!n ————
wo | [resm i
En o #AOtotal | 2AO0vef Z?E;E:”Z{{if‘i o
MeV] |  [mb] [%] [%] e o ]
13.45 235 46.8 1.68 =T oo ]
1388 | 269 431 1.56 E ol ® .
1405 | 293 39.2 1.55 S ol * ]
1428 | 370 32.3 1.54 g 1 A 1
m I
1449 | 347 36.1 153 2
1469 | 386 313 153 S r /
14.81 392 333 1.55 wr ]
14.88 409 31.8 1.54 50 - /,/
Ref CS IS 27Al(n’ (X,)24Na, ad = 12 013.0 . 13‘.2 . 1:;.4 . 13‘.6 . 13‘.8 . 14:.0 . 14:.2 . 14:.4 . 14‘.6 . 14:.8 15.0

Neutron Energy [MeV]

The amount of *In nuclei was measured next day after irradiation. The cross-section of the
128n[(n, np)+(n, d)]***In reaction was determined as the difference between the total ''In
production cross-section and the *2Sn(n, 2n)***Sn cross-section.

The comparatively large relative uncertainty of the data obtained is the consequence of this
subtraction.

/% 353m
EC 509N
N
1/2- " 537.15 77m
/9’?11—0 2.8049 d
$
11/2- °396.22 48.54 m
12t Y
111
Decay data used for ~ **2Sn(n, x)'**In. 48Cd
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
171.3 90.7 9
112 111
Sn : Sn-metal In .
097 1 2.8047d 4 2453 941 10

154



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

14sn(n, 2n)**sn

1450 (n, 2n)*3sn 1400
1300
En (o) #AOtotal | 2AO0ref o r
[MeV] [mb] [%] (%] 1100
1000
13.47 1004 5.51 1.73 — -
O 900
1388 | 1073 3.65 161 E wf ]
< [
14.05 1115 3.47 1.61 5 °r N
&S oo | ]
14.28 1183 5.64 1.59 s -
8 500 .- TENDL-2014 T
1449 | 1200 2.93 1.58 S wol —gore h
14.70 1262 5.90 1.59 300 - TE(;:ZL';Z:LK R
200 = < 1988 Y.lkeda+ _
14.88 1268 3.05 1.60 00 .- *® 1970 J.K.Temperley+ 1
.27 24 . _ [ 1 1 1 N | - 1 N L 1 N 1
Ref' CS IS Al(n, (X,) Na’ ad - 12 013.0 13.2 13.4 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
W
8o% _ &2
EC 12077389 504
172+ 0
115.09d
113 S
EC 502N
N
12- 391691 4 eroo,
g/2* 0
11 3| n
Decay data used for ~ *'*Sn(n, 2n)'**sn. 49
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product w2 [keV] [%6]
114 113
Sn 0.66 1 Sn-metal Sn 115.09d 3 391.7 64.97 17
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

116Sn(n’ p)116m In

116 116m
Sn(n,p) In
1168n(n, p)116m|n T T | R B | T T T
14 = -
En o #AOtotal | 2AO0vef
[MeV] [mb] [%] [%] 2T
14.05 9.64 3.73 1.70 — 10|
E L
14.28 11.2 5.27 1.68 = T < L
5 s ro :
14.68 11.6 313 1.68 5 %
[0
14.81 12.4 4.92 1.69 D et ]
[%2]
14.88 12.5 2.84 1.69 S el
d t e |
Ref. CS is 7Al(n, 0)*Na; o =17 3
ar byl B
0 i 1 1 1 i 1 i 1 i 1 1 1 i 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
21888 " 289.660
54;” m 5 Y 127267 B
’ 1+ 04
0+116 ’EW\ 14.10s
4SCd <0,06%49 >99,9:1%
o
116
Decay data used for ~ ***Sn(n, p)***™In. 509N
Target Abundance | Chemical Reaction T E, Yy
nucleus [%0] form product vz [keV] [%0]
416.9 27.2 4
1o 1454 9 Sn-metal Homn 54.29 m 17 1097.3 58.5 8
1293.6 84.8 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

117Sn(n’ p)117m|n

117 117m
117 117m Sn(n, In
Sn(n' p) In T T T T T T I( 'p) T T T T T T T T T
L 1 ]
E G | *ACiu | A0t [ e I
[Mev] | [mb] [%] [%] o | Bumame [ _
13.45 3.79 7.86 4.37 = s L 5 gggj;.éifs:m 7: |
14.28 4.07 16.4 432 £ A S + _
14.68 4.25 15.6 4.32 s“r +l T T i
[8)
1481 | 3.49 258 432 &L I —1 Tj T T
@ <
1488 | 462 | 120 432 | 8 - 1 ]
O, 1 1 _
Ref.CS is ZAl(n, a)*Na; ay=1.3 i
1 .
0 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1

13.0 13.2 134 13.6 13.8 14.0

Neutron Energy [MeV]

14.2 14.4 14.6 14.8 15.0

The contribution of **°Sn(n, «)**'Cd reaction to population of the **'™In level via **'Cd
decay was estimated as <1% that is several times less than the data uncertainty. This contribution
was not accounted for.

02 122 P~ 336n
e s 249 h e
ag>™ b ST
1/2- 315.302 B_116.2 m
K 24 432m
17
s9ln g° .
112> 314,58 13.60 d
1/2+ 0
117
Decay data used for ~ **’Sn(n, p)**"™In. 509N
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
117 117m
Sn 7.68 7 Sn-metal In 116.2m 3 315.3 19.1 8
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

117Sn(n, p)117g|n

117, 1179
117 117 Sn(n,p) “In
Sn(n7 p) gln T T T T T T T T T T T T i T T T
16 = - -
TENDL-2014
En (e) iAGtOtM lLAGref " ° g::zjr?l1[?ala
0, 0, o 8 2011 Pu Zhong-Sheng+| -
[MeV] [mb] [%0] [%] . ?éggaﬁ}aﬁ +% |
13.47 6.11 114 10.1 12 | g louole + .
E @ 1963 J.Brzosko+ i [ i
14.05 8.32 108 10.1 E ol o] i
C
14.28 10.2 10.7 10.1 S P 1 I
g 8 |- i < 4 Q -
1468 | 114 106 10.1 & o T
w0
14.81 12.4 104 101 g °r + % T
5 |
14.88 13.4 103 10.1 s b 4
Ref. CS is 27Al(n, a)24Na; oy=16 2 | e
0 " 1 1 1 " 1 " 1 " 1 " 1 1 " 1

13.0 13.2

13.4

13.6 13.8

Neutron Energy [MeV]

14.0 14.2

14.4

14.6 14.8 15.0

The contribution of **Sn(n, «)**'Cd reaction to population of the **”In ground state via *'Cd
decay was estimated as <1% that is several times less than the data uncertainty. This contribution

was not accounted for.

(11727 1364 B- 336
1/2+ 0 4§ y
g . 2.49h o
48 B- N
1/2- 315.302 B* 1162 m
92+y 0 4 '
49" p-
N
11/2—" 314.58 13.60 d
v
1/2* 0
117
Decay data used for ~ **’Sn(n, p)**"%In. 505N
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
117 1179
Sn 7.68 7 Sn-metal In 43.2m 3 552.9 100 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

175n(n, p)*’In

117 117 "sn(n,p)"'In
Sn(n, p) In 22 — T T T T T T T T T T 1 T 1 T
20 TENDL-2014
En c +AGota |
18 b = JENDL-4.0
[MeV] [mb] [%] ek
13.46 10.2 7.64 R R
Q' 14
14.28 14.2 8.97 E
c 12
14.68 15.7 8.76 8 V/
(&)
o 10 = Y -
14.81 15.9 9.17 ) i
% 8 / 1
14.88 18.2 5.12 o i
O 6} i

Ref. CS is Al(n, o)**Na

0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

This is the sum of the **'Sn(n, p)**"™In and *'Sn(n, p)**"In cross-sections measured
independently and presented on the previous pages. The cross-section was not corrected for the
contribution of **Sn(n, a)**'Cd reaction which was estimated to be less than 1% that is several
times less than the data uncertainty.

(11/2)- 1364 B

3.36h
12+ 0 4
W\‘ 249 h /\,.\°\°
48 p- K> 52.9%

1/2- 315.302 5_1162 m
9/2+V 0§ '

432 m
117 .
s9ln p- .
112> 314.58 13.60 d
112+ 0
117
509N
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

118Sn(n’ 2n)ll7msn

1831 (n, 2n)*"™sn

En o +AGCiota | 2AOvef
[MeV] [mb] [%] [%]
13.45 813 4.72 1.08
14.05 838 5.78 0.87
14.28 880 4.65 0.84
14.69 897 4.07 0.83
14.81 908 6.54 1.80
14.88 893 3.30 0.85

Ref.CS is Al(n, 0)*Na; ay=1.2

Cross Section [mb]

1000 =

500 -

400 -

300 -

200 -

100 -

0 " 1

TENDL-2014
EAF-2010
—— ROSFOND-2010
Present Data
2008 Pu Zhong-Sheng
2005 E.Betak+
1988 Y.lkeda+
1975 W.Grochulski+
1968 S.Lulic+

edvxme

13.0

13.2 13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

According to the decay schema fragment shown on this page lower, the metastable state
1mgn (E"=314.58 keV, T1,=14.00d, 1"=11/2) is populated not only in the **®Sn(n, 2n)"™sn
reaction but also via the processes **’Sn(n, p)**'In>"""Sn and *?°Sn(n, 0)**’Cd—"*In—*""Sn.
This contributon is small because most **’In nuclei decay to the **’Sn levels which have the lower
spin values. The population of the metastable level *''™Sn with 1"=11/2" during the **"In decay is
less than 0.5%.

The total contribution of the reactions mentioned above was estimated as less as 0.01%
relatively to the *®Sn(n, 2n)'™Sn cross-section and was neglected.

(172 1364 (- 336h

1/2* 0
* g 1/2—63:5 302 52[39%
1 17|n '
49 p- .
112> 314.58 13.60 d
1/2+ 0
Decay data used for ~ **3Sn(n, 2n)**"™sn. 117Sn
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
183n 2422 9 Sn-metal Himgn 14.00d 5 158.6 86.4 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1188”(”, a)llsng

”88n(n,a)1159Cd
1188n(n, a)lngCd 14 T T T T T —
CE [ e —— ]
E, G | +AGiot | #ACef 12 R | T
MV | bl | e s - NP 2
10 1961 B.P.Bayhurst+ _
13.47 0.59 135 2.36 —_ - s
_g 0.9 .- ® ] -
13.88 0.716 5.57 2.27 = o8 i
s |
14.05 0.710 413 2.26 '§ 07T 7
0.6 _
14.28 0.81 185 2.25 2T
8 0.5 .
14.49 0.88 36.3 2.25 O 04 i
14.70 1.06 18.1 2.25 03 T
0.2 |- _
14.88 1.12 341 2.26 o L ]
Y 24 0.0 [ . 1 L1 1 1 1 |
Ref.CS is “'Al(n, a)”Na; oy=1.9 130 132 134 136 138 140 142 144 146 148 150
Neutron Energy [MeV]
11/2= 181.0 B_ 44.6d
—_ :
L 04 5346h
115Cd 4 g\
48 p- ) {Qa"‘ 5.0%
;ﬁ; 336'23 \\B— 4.486 h
4.41x1014
5 8 0y
49 —
172t 0
115
Decay data used for ~ *¥Sn(n, o)****Cd. 509N
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
492.4 8.03 18
118 115
Sn 24.22 9 Sn-metal °%Cd 53.46h 5
527.9 275 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1208n(n, a)117mCd

1208n(n,(x)117mCd
1208n(n, OL)ll?mCd 0.35 T ————T7—T ——
E, O | *ACtota | #AOres PR | L .
[Mev] | [mb] [%] [%] 2 macde .
025 1987 P.M.Gopych+ ]
1347 | 0100 | 200 3.40 _ l
E I '
13.88 0.121 25.0 3.35 = 020 | J T4 T <«
o I <
14.05 0.120 25.0 3.34 3 1 ‘
o} ’ o
o 015 | < ] _
14.28 | 0.159 375 3.34 o ‘ T l < l
S R J
Ref.CS is ZAl(n, 0)*Na; og=18| © T ‘ + ‘ i
0.05 |- .
0.00 1 1 1 1 1 1 1 1 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
(1727 1364 B 5 a5y
1/2+ 0 Q )
T T7eq 249 h o
48 P- N
12315302 B 4460 m
9/2+ 0 )
T 432m
49 B~
&
11/2-" 314.58 13.60 d
1/2% 0
117
Decay data used for ~ **Sn(n, a)*'™Cd. 509N
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product vz [keV] [%0]
564.4 14.7 8
123N 32.58 9 Sn-metal e 336h 5 1066.0 231 7
1997.3 26.2 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1208n(n, a)ll?QCd

120 117 “'Sn(n.o)""*Cd
Sn(n, (l) ng 0.40 T T T T T T T L ]
o3 [ [ e k
En O iAGtOta| A Gref . gézzeg:];;:g‘%leng Pu+ |
[MeV] [mb] [%] [%] 032 = 2 lam Acrallrts Nl
3 1967 P M Gopyche I 1
1347 | 0120 | 166 455 =T pd @
1388 | 0174 | 138 451 E oz R .
S B ’ i
14.05 0.246 223 451 5 020 [ \4‘
ﬁ 016 |- X + < « .
Ref.CS is Al(n, 0)*Na; oz =1.9 2 )
5 012 = + T J —
<
0.08 |- l J -
|
0.04 |- -
0.00 [ 1 1 1 1 1 1 1 1 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
(11/2) 1364 B 5 agp
1/2+ 0 .
48 B- N
1/2- 315.302 B— 116.2
92¥Y 0443 26 o
117 '
a9ln g
N
11/2—" 314.58 13.60 d
1/2% 0
Decay data used for ~ *Sn(n, a)**"9Cd. 117Sn
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
1303.3 18.4 6
1205 32.58 9 Sn-metal ecq 2.49h 4 1576.6 112 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

IZOSn(n, a)117Cd

120 117 08 "’Sn(n,a)""'Cd
Sn(n, o)**'Cd N

07 | Horei

En o +AGCotal S,

[Mev] [mb] [%] os | |77 e
13.47 0.220 12.8 —
o)
13.88 0.295 13.1 %
(]
14.05 0.366 171 §
n
Ref. CS is Z’Al(n, 2)*Na ?
(]
o

0.0 M 1 M 1 M 1 M 1 M 1 1 M 1 M 1 M 1

- 13.0 13.2 13.4 13.6 13.8 14.0 14.2

Neutron Energy [MeV]

14.4 14.6 14.8 15.0

This is the sum of the **Sn(n, o)**'™Cd and *2°Sn(n, )*"%Cd cross sections measured
independently and presented on previous pages.

(11/2)- 1364 B

i s
M7cd ' X
48 - & 5o
1/2- 315.302 B_1162m
92t 0 A 432m
117|n 4
49 B-
N
11/2=" 314.58 13.60 d
v
1/2% 0
117
509N
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1ZOSn(n’ 2n)119m8n

12051 (n, 2n)°"sn

E, (o) *AGCiotal | +AOvef
[MeV] [mb] [%] [%]
13.45 612 8.27 1.64
13.88 701 7.86 1.52
14.05 704 7.74 151
14.28 679 7.89 1.49
14.49 738 7.60 1.48
14.70 662 7.84 1.49
14.88 719 7.54 1.50

Ref. CS is ZAl(n, 0)*Na; oy =1.9

Cross Section [mb]

900 ———

12°Sn(n,2n)11ngn
— .

700 =

600 -

500 =

400 |-

300 -

200 =

100 [~

0 " 1

byt

TENDL-2014
EAF-2010
—— ROSFOND-2010
® Present Data -

13.0 13.2

13.4 13.6 13.8

14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

S
117289531 593 4 4
1/2+ 0
120 119m 1;38“
Decay data used for Sn(n, 2n)~~"Sn.
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [2%6]
23.875 16.50 22
12990 32.58 9 Sn-metal Hmsn 293.1d 7 25.044 7.9289 7
25.271 14.8392 11
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1245n(n, 2n)'**%sn

12451 (n, 2n)***%sn

En o +AGCiota | 2AOvef
[MeV] [mb] [%] [%]
13.45 1214 176 16.7
13.88 1256 187 16.7
14.05 1331 19.4 16.7
14.28 1299 19.2 16.7
14.49 1253 183 16.7
14.70 1228 17.0 16.7
14.88 1315 19.1 16.7

Ref. CS is ZAl(n, )*Na; ;=15

Cross Section [mb]

1500

*3Sn(n,2n)'**Sn

1400 [
1300 [
1200 [
1100
1000 [

TENDL-2014]
EAF-2010
—— JEFF-3.2

® Present Data

13.2

13.4

13.6

13.8

14.0 14.2

14.4 14.6 14.8

Neutron Energy [MeV]

15.0

3/2* 24.

6B_

o 5 40.06 m
129.2
23gn u 2¢
50 B-
7/2%
123
Decay data used for  ***Sn(n, 2n)'?*sn. 519D
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
14Sn 5.79 5 Sn-metal 1298 129.2d 4 1088.6 0.60 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

124Sn(n’ 2n)123m8n

124 123m
Sn(n,2n) “"Sn
124Sn(n, 2n)123msn 700 1 T ——— 1~ T - T - T " T " T -
I + + |
Eﬂ (¢} iAGtOta| | Gref 600 |- L il l T + | 1 ® 7]
[MeV] | [mb] [%] %] = T 4]
500 = .
13.45 565 6.67 1.27 =
13.88 592 6.06 1.10 % a0 | i
14.05 599 5.76 1.09 2
(O,,)) 300 -
14.28 630 9.48 1.07 »
»
1449 | 634 5.15 1.05 S wl eroan |
1470 | 595 6.63 1.07 -
14.88 | 646 3.69 1.08 r 3 Tyt .
Ref CS is 27Al(n’ a)ZANa’ ad: 19 013.0 . 13.2 13.4 13.6 . 13.8 14.0 . 14.2 . 14.4 14.6 . 14.8 15.0
Neutron Energy [MeV]
32" 246 B~ 4006m
/2 0 4 '
129.2 d
123Sn
50 -
772+
1233b
Decay data used for ~ *?*Sn(n, 2n)'**™sn. 51
Target Abundance | Chemical Reaction T E, Y,y
nucleus [96] form product v [keV] [%0]
124 123m
Sn 5.79 5 Sn-metal Sn 40.06 m 1 160.3 85.7 4

167



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

124Sn(n, 2n)***sn

1243n(n, 2n)**sn

Cross Section [mb]

En [MeV] G [mb] 2AOtotal

[%]
13.45 1779 12.2
13.88 1848 12.8
14.05 1930 13.5
14.28 1929 13.3
14.49 1862 11.4
14.70 1961 12.9
14.88 1779 12.2

Ref. CS is Z’Al(n, 0)*Na

— T ' T T T T 1 1T T 1 T 7 T T T
2000 |- i -
1800 | ,l, ° —
. T T ‘ E
1600 |= B -
1400 = -1
1200 = -1
1000 = -1
800 |- -
600 |- TENDL-2014 -
—— ENDF/B-VIL1
EAF-2010
—— JEFF-3.2
400 | —— JENDL-4.0 T
—— CENDL-3.1
® Present Data
200 |- -1
0 P DR R REPU REPIN GNP S PR PR |
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.

Neutron Energy [MeV]

This is the sum of the ***Sn(n, 2n)***™Sn and ***Sn(n, 2n)***Sn cross-sections measured
independently and presented on the previous pages.

J2t 246 B 4506m
11/2- o\\: 129.2d
123 '
7/2+
123
s1ob
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

12%Te(n, 2n)**MTe

*Te(n,2n)""""Te

T

=
a
©

TENDL-2014
EAF-2010
ROSFOND-2010
Present Data
2007 F.Zhou+
2000 C.Schnabel+
1979 K Kayashima+| |
1968 L.Husain+

12076 (n, 2n)H9mTe o
En c #AOtotal | *AOvef 700 -
[MeV] [mb] [%] [%]
13.48 403 19.8 2.60
13.67 461 9.95 2.59 g
1406 | 550 8.88 2.58 S
14.28 526 8.68 2.58 %
14.46 559 8.85 2.58 §
14.67 586 9.14 2.58 20r
14.83 616 8.41 2.59 w00 |
Ref. CS is Nb(n,2n)*™Nb; oy =1.1 0 [
150 132

13.4 13.6 13.8

Neutron Energy [MeV]

14.0 14.2 14.4

14.6

14.8 15.0

11/2-

EC 1/2+

EC 52

* 119

260.96 4704

2 16.03 h

Te

s/2+ 38.19 h
11/2" 89.531 293.1d
1/2+ 0
Decay data used for ~ **°Te(n, 2n)**"Te. 113sn
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
153.6 66 3
¥Te 0.096 2 TeO, 1M Te 4.70d 4 2705 28.0 4
1212.7 66.1 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

12Te(n, 2n)"*¥Te

120 119g
Te(n,2n)""*T
120Te(n, 2n)119g-|-e 800 — T T T T T T el(n 'n)l 'el L T
En (¢} #AOtotal | FAOref 700 |- %l
[MeV] [mb] [%] (%] [
600 =
13.48 542 8.21 2.30
L 500
13.67 551 8.11 2.29 £,
C
14.06 604 7.56 2.28 % 400 |- -
1428 | 611 7.61 228 )
% 300 -
14.46 629 7.68 2.28 8
14.67 642 7.69 2.28 T T
14.83 660 7.52 2.29 100 |- 5 fggé%%‘gfnmma i
Ref. CS is 93Nb(n’2n)92mNb; ;=14 0 R PR TR SR SR SRR SR TP T S
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
11/2- 260.96
o, S ame
119 '
5/2+ 38.19 h
» 119
& EC 519D
11/2- 89.531 293.1 d
1/2% 0
119
Decay data used for ~ **°Te(n, 2n)*%Te. 505N
Target Abundance | Chemical Reaction T E, Yy
nucleus [%0] form product vz [keV] [%0]
644.0 84.1 5
120 119
Te 0.096 2 TeO Te 16.05h 5
2 699.9 101 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

12%Te(n, 2n)**Te

120Te(n, 2n)"°Te

Cross Section [mb]

En c +ACiota
[MeV] [mb] [%]
13.48 945 9.63
13.67 1012 6.28
14.06 1154 5.73
14.28 1137 5.67
14.46 1189 5.76
14.67 1228 5.87
14.83 1276 5.56

Ref. CS %Nb(n,2n)*"Nb

1400

®Te(n,2n)"Te
—

1200

1000

800 [~

600 [~

400 -

200 [~

0

TENDL-2014
EAF-2010
—— ROSFOND-2010
® Present Data
2000 C.Schnabel+|
© 1968 L.Husain+

13.0

13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

This is the sum of the *°Te(n, 2n)***™Te and **°Te(n, 2n)***Te cross sections measured
independently and presented on the previous pages.

11/2- 260.96

EC 470d
K 12t 0
16.03 h
¥ 1197
EC 52Te
119
& EC 519D
11/2- 89.531 293.1d
1/2+ 0
T9an
509N
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

122Te(n, p)1228b

122 122
Te(n,p) “Sb
122Te(n, p)lZZSb T T T 1 T 1 T |
En o #AOtotal | 2AO0vef
[MeV] [mb] [%] [%]
13.48 11.0 7.72 0.70 _
Qo
13.67 135 6.42 0.66 £,
c
1406 | 143 5.92 0.62 2
[0
14.28 13.9 6.10 0.62 @
[%2]
14.46 14.4 6.11 0.62 S°r oo .
14.67 15.5 6.21 0.64 L — s i
1483 | 165 5.72 0.66 2| L | ]
Ref. CS is 93Nb(n,2n)92mNb; ad =12 0 N 1 1 1 N 1 1 N 1 1 1 N 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
N
8- 163.5591 421m
ﬁ 1225b \
4% 97 6%
0+
122
509N
0+
122 122 122Te
Decay data used for Te(n, p)“Sh.
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
122 122
Te 2.603 4 TeO, Sh 2.7238d 2 564.2 70.68 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

22Te(n, 2n)**'MTe

122. 121m
Te(n,2n Te
122Te(n, 2n)121mTe 1000 P———— T |( T )I I l — T
En (o) #AOtotal | +AOref
[MeV] [mb] [%] [%]
13.67 694.0 10.1 1.49 =
14.06 | 761.0 9.17 1.47 £ T
o) —y—
1428 | 8453 | 821 147 g or T 1
1446 | 835.1 8.29 1.47 g 400 |- .
1467 7677 9.03 1.48 8 300 ;523;}20014 -
14.83 825.0 8.45 1.49 200 |- ?E%;?ixfm |
Ref. CS is *Nb(n,2n)”"Nb; oy = 1.2 T e
013.0 . 13.2 . 13.4 13.6 . 13.8 . 14.0 . 14.2 . 14.4 . 14.6 . 14.8 15.0
Neutron Energy [MeV]
o\o
©
oS
11.4% 11/23(\293 98
EC — 154 d
» 12ty 0
16.78 d
121-|-
EC 521€
5/2+
122 121 121Sb
Decay data used for Te(n, 2n)"“"Te. 51
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product w2 [keV] [%6]
122 121m
Te 2.603 4 TeO, Te 164.2d 8 212.2 81.5 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

22Te(n, 2n)**Te

122 121g
Te(n,2n) " “Te
122Te(n, 2n)121gTe T T T T T T T \
800 = -
En (¢} #AOtotal | £AOref 700 |- / _
[MeV] [mb] [%] (%]
1367 | 649.8 9.20 2.82 = o0 E ]
1406 | 749.9 7.95 2.81 % 00 - .
1428 | 668.0 9.67 281 = i
[0
14.46 | 755.2 8.65 2.81 @
8 300 - -
14.67 719.8 8.95 2.81 S _JEEE;??”
1483 | 6781 | 882 282 T FE N
o N 100 | G
Ref. CS is >Nb(n,2n)*"Nb; oy =1.3
013.0 . 13.2 . 134 . 13.6 13.8 . 14.0 . 14.2 14.4 . 14.6 . 14.8 15.0
Neutron Energy [MeV]
o\o
©
q).
4% 11/2—<\q2)93 98
EC —154 d
1/2+ 0
16.78d
121-|-e
C 52
5/2+
121
Decay data used for ~ '??Te(n, 2n)**9Te. 519D
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
507.6 17.7 5
122 121
Te 2.603 4 TeO Te 19.17d 4
? 573.1 80.4 22
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

22Te(n, 2n)**'Te

122Te(n, 2n)**'Te

'#Te(n,2n)"*'Te

1600 =

1400

1200

1000 =

800 -

600 -

Cross Section [mb]

400 =

En c +ACiota
[MeV] [mb] [%]
13.67 1344 6.79
14.06 1511 6.02
14.28 1513 6.21
14.46 1590 5.92
14.67 1488 6.30
14.83 1503 6.05

Ref. CS %Nb(n,2n)*"Nb

200 -

0

et

TENDL-2014
EAF-2010 -
—— JEFF-3.2
—— ROSFOND-2010
® Present Data
2000 C.Schnabel+
v 1968 L.Husain+ =

13.0

13.2

13.4 13.6 13.8 14.0 14.2 14.4

Neutron Energy [MeV]

14.6

14.8 15.0

This is the sum of the #Te(n, 2n)**™Te and '#*Te(n, 2n)***9Te cross sections measured
independently and presented on the previous pages.
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112> 293.98
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121
EC 52Te

5/2+
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

Te(n, 2n)**"Te

124Te(n, 2n)**™Te

1000
En o #AOtotal | *AOref 900
[MeV] [mb] [%] [%] 800
13.48 742 7.99 3.06 = 700
13.67 811 8.09 3.05 E wl ; 5 A
1406 | 851 7.46 3.04 % 500 | ]
14.28 821 8.21 3.04 g w00 |- ]
1446 | 869 7.26 3.04 S ol — ]
1467 868 727 305 200 = :z%z;:n-zow -1
14.83 926 7.40 3.05 100 | P o kina
Ref. CS is gsNb(nyzn)gszb; =11 o13.0 . 132 134 . 136 . 13.8 . 14.0 142 . 14.4 . 146 . 14.8 15.0

Neutron Energy [MeV]
11/2—624
12_2475° 149.7 d
\j
.
/1/?]23_0 >1x1013 y
7/2+ EC 52Te
123Sb
Decay data used for ~ **Te(n, 2n)**™Te. 51
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
124 123m
Te 474 14 TeO, Te 119.2d 1 159.0 84.0 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1%Te(n, 2n)**"Te

126Te(n, 2n)**™Te

En o #AOtotal | *AOref
[MeV] [mb] [%0] [%]
13.67 945 17.0 1.65
14.06 1214 182 1.63
14.28 1009 15.8 1.63
14.46 1107 126 1.63
14.67 940 18.0 1.64

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.2

1200 =

1000 -

800 -

600 -

Cross Section [mb]

200 =

TENDL-2014

EAF-2010
® Present Data

13.0 13.2

15.0

13.4 13.6 13.8 14.2 14.6 14.8
Neutron Energy [MeV]
$
57.40 d 11/2- 144.795
' \J
1/2+ 0
125
126 125m 52Te
Decay data used for Te(n, 2n)"Te.
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
Te 18.84 25 TeO, 12mTe 57.40d 15 109.3 0.280 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

128Te(n ’ p)128ng

128Te(n,p)128ng
128Te(n, p)lZSst 16 T T T T T 1 T
En G | #40iota | #A0ref R e
[Mev] | [mb] [%] [%] R e o |
1348 | 0594 | 100 6.63 _ #_{.L
-g 10 | i
1367 | 0.640 9.35 6.63 E o
3 o
1406 | 0831 7.16 6.62 5 08 F .
[0
1428 | 0.931 6.34 6.62 g s L . o i
1446 | 1049 | 656 6.62 5
04 |- —
1467 | 1115 5.70 6.62
14.83 1.253 5.08 6.63 02 F }
Ref. CS iS gsNb(n’Zn)gszb; %:16 0A0‘13.0 . 13‘.2 11;.4 1:;.6 . 12;.8 . 14:.0 14:.2 . 14:.4 14:.6 . 14:.8 15.0
Neutron Energy [MeV]
S°
A% 96.4%
= — 2% B 104m
5 ¥ 04 gpp
1288b 4
51 B-
0+
128
Decay data used for ~ *®Te(n, p)**®sb. 521€
Target Abundance | Chemical Reaction T E, Y,
nucleus [96] form product v [keV] [%0]
314.1 61 4
526.5 45 3
*Te 31.74 8 TeO, 1% 9.05h 4
743.7 100 7
754.0 100 7
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1%Te(n, 2n)**"Te

128 127g
Te(n,2n) ““Te
128Te(n’ 2n)127gTe 900 T T T T T T T T T T ‘ T T T T
800 %WH %TH
En o #AOtotal | 2AOvef [ T ]
[MeV] [mb] [%%] [96] 700 |- j% -
RS S
13.48 534 7.39 3.30 = 0 b ; - i
13.67 548 6.30 3.29 E §+—+§+ § ! . \ﬁ :
S 500 % -
14.06 543 7.31 3.28 '~§ w0 - 1
14.28 554 7.13 3.28 @
8 300 - TENDL-2014 —
14.46 567 6.94 3.28 S AN
1467 | 569 6.03 3.28 20 : muczhm | ]
1483 | 586 6.76 3.29 100 | R T
Ref. CS iS gsNb(nvzn)gszb; ad: 17 013.0 . 13I.2 13I.4 . 11;.6 13.8 14:.0 . 14:.2 . 14:.4 14I.6 . 14:.8 15.0
Neutron Energy [MeV]
o\o
,\o;“gj 2.4%
172\ 8826 B 409 4
¥V 04 g35h
127Te '
52 -
5/2+
128 127g 127
Decay data used for Te(n, 2n)“"Te. 33
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
360.3 0.135 14
128 127
Te 31.74 8 TeO Te 9.35h 7
2 417.9 0.99 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Te(n, 2n)**MTe

B30Te(n, 2n)t*™Te

En (o) #AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.48 1001 4.96 3.90
13.67 984 5.91 3.89
14.06 1035 491 3.88
14.28 1042 4.66 3.88
14.46 1069 432 3.88
14.67 1097 411 3.89
14.83 1132 455 3.89

Ref. CS is ®Nb(n,2n)*"Nb; oy =15

Cross Section [mb]

1200

1000

800 -

600 -

400 =

200 =

TENDL-2014
EAF-2010
—— ROSFOND-2010
Present Data
2007 F.Zhou+
2000 C.Schnabel+
1979 K.Kayashima+
1970 M.Bormann+
1970 W.D.Lu+

e4pcoe

13.0 13.2

13.4 13.6 13.8 14.0 14.2

Neutron Energy [MeV]

14.4 14.6 14.8

15.0

N

©
N\ 36%
11/2- 105.50
32 ¥

129
52Te B,

B-3364d
04 696m

7/t 1.57x107 y

129| 4
53 p-
1/2* 0
Decay data used for ~ **°Te(n, 2n)***™Te. 120Xe
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
Te 34.08 62 TeO, 129mTe 33.6d 1 729.6 0.70 14
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0Te(n, 2n)***Te

"**Te(n,2n)'**Te
B30Te(n, 2n)'#*Te 900
800 L—< ’*%4‘ %l—(
En (o) #AOtotal | +AOref | }
Mevl | [mbl | [%] [%] oo | L ?\+\ 4
1348 | 637 | 933 | 733 | _ el + + t DR
13.67 637 9.39 7.33 E !
- 500 | .
o
14.06 647 10.0 7.33 '~3 ~+—
$ 400 -
14.28 653 9.90 7.33 "
8 300 b TENDL-2014 -
14.46 665 10.4 7.33 S a0
1467 | 683 | 102 | 7.33 2O | T et ]
14.83 677 103 7.33 oo b |0 L i
Ref. CS iS gsNb(nvzn)gszb; ad: 16 013.0 . 13‘.2 13‘.4 13‘.6 . 1:;.8 14:.0 14:.2 . 14:.4 14‘.6 . 14:.8 15.0
Neutron Energy [MeV]
s
N
11/2- 105.50 B_ 33.6d
32 2% 69.6m
129 \
712+ 1.57x107 y
129| \
1/2* 0
130 1299 129y a
Decay data used for Te(n, 2n)“FTe. 54
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
459.6 7.7 6
130 129
Te 4. 2 TeO Te 6m
34.08 6 ? 696m 3 487.4 1.42 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

0Te(n, 2n)**Te

130Te(n, 2n)**Te

2000

1800

1600

1400

1200

1000

800

Cross Section [mb]

600

En c #ACiotal
[MeV] [mb] [%]
13.48 1638 4.66
13.67 1621 5.08
14.06 1683 4.83
14.28 1695 4,70
14.46 1734 4,74
14.67 1779 4,58
14.83 1809 4,73

Ref. CS %Nb(n,2n)*"Nb

;//’r.}/’i"#‘?*_*é

TENDL-2014

- EAF-2010

—— JENDL-4.0

—— ROSFOND-2010
® Present Data

- 2000 C.Schnabel+ -

13.0

13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

This is the sum of the **°Te(n, 2n)**™Te and “*°Te(n, 2n)***Te cross sections measured
independently and presented on the previous pages.

o\o
&
Q 36%
11/2- 105.50 6_336(1

32+ ¥ 0 4
32 04X 69.6m

129

72+ 1.57x107y

129|
53 p-

1/2% 0

129
s4Xe
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

138Ba(n, a)135mxe

138, 135m
1388a(na O(')135mxe 1.4 | T 'Bal(n’('l) T X'e T T
Ey | O | #0iw | #0u | e || :
eVl | [mo] | [%] [%] g e .
1347 | 073 | 818 1.08 b |L e o o o° -
)
13.66 0.72 9.69 0.90 E +
p 08 |- + + l -
< A
13.88 0.87 6.92 0.88 -§ + 1
14.04 0.79 8.81 0.87 @ 06 I- %%% l;_% 7
@ ,
14.26 0.98 7.08 0.84 o
O o4l .
14.44 0.98 6.04 0.82
14.63 0.99 6.04 0.83 02 T
1481 | 111 5.30 0.85 N R R A T R N ,
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is /Al(n, 0)*'Na;  ay=1.9 Neutron Energy [MeV]
%C‘bqqg\e
&7 g 004%
15.29 m 11/2- 526.551 B_
g1andz Y 0
' 135y, A
Xe g2
54
2.3x108 y ZZ g
135 R Y
3/2% 0
135
Decay data used for  **®Ba(n, a)™**"Xe. seBa
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
138 * 135m
Ba 99.8 1 BaCO; Xe 1529 m 5 526.6 80.4 3

" refer to samples with separated isotopes of Barium

183



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

138Ba(n, a)*5Xe

138 135
Ba(n,a) “Xe
13883.(”,0(.)135)(e 32-"""""""""%'
En o +AOtotal | £AOref
[MeV] [mb] [%] [%]
13.47 1.86 5.86 3.44 _
e}
13.66 2.05 6.29 3.39 £
c
13.88 2.29 6.55 3.38 %
Q
14.04 2.21 6.73 3.38 ﬁ
2]
14.26 2.39 6.18 3.37 8 I
14.44 2.64 6.39 3.37 °'8_' — e 7
14.63 2.57 6.59 3.37 04 b 1 lenekroani| -
1481 | 271 6.18 3.38
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is Al(n, 0)*Na; az=14 Neutron Energy [MeV]
oo
§
64@ 0.004%
15.29m11.’2-526551 B_
32+ 04
9.14hE 2
135 Y
54Xe p-
2.3x106y 20
135 4
3/2+ 0
1
Decay data used for ~ **Ba(n, o)™ Xe. 32Ba
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
. 249.8 90 3
138 135
Ba 99.8 1 BaCO Xe 9.14h 2
: 608.2 2.90 13

" refer to samples with separated isotopes of Barium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

138 i 137
Ba[(n, np)+(n, d)]'Cs
138 137
138 137 Ba[(n,np)+(n,d)]"*'Cs
Ba(n,X) Cs 1‘5_ T T T |[('p? ( )|] T T T
14 |- -
En G | #40iotal | #A0ref o .
[MeV] [mb] [%] [%] 12 |7 feenbu .
11
13.73 0.36 19.4 0.70 N ]
Ne) L
1473 121 115 0.69 E os]
_5 08 |
Ref. CS is ®Nb(n,2n)™Nb; =101 3;’ o7 T
0.6
é 0.5 [
O o4f
0.3 [
0.2 [
0.1 [
0.0 ’ L =
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
7/2+ 30.07 <
137 4 N
55CS B- 11/2 661660 5 5pn
3/2* 0
137
Decay data used for  **Ba(n, x)**'Cs. 5652
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product v [keV] [%]
%Ba 71.698 42 BaCO; BCs 30.08y 9 661.7 85.10 20
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1388&(”, p)138CS

1388a(n, p)138CS

En () #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
13.47 1.60 7.46 2.28
13.66 1.76 6.77 2.20
13.88 2.11 6.64 2.19
14.04 2.14 6.48 2.19
14.26 2.26 5.65 2.18
14.44 2.61 5.29 217
14.63 2.76 5.01 217
14.81 2.92 5.38 2.18

Ref.CS is Al(n, 0)*Na; oy =1.6

3.6

32 |-

28 |-

24 |-

20 |-

Cross Section [mb]

0.8

04 |

0.0 M 1

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
—— JENDL-4.0
® Present Data
= 2012 B.Lalremruata+|
@ 1988 Fan Yangmei+
4 1988 Y.lkeda+
v 1986 J.Rama Rao+

13.0 13.2

13.4

13.6 13.8

Neutron Energy [MeV]

14.0 14.2

14.6 14.8

15.0

Only (81+2)% of the '*¥™Cs metastable state decay to the ***¥Cs ground state. Strictly
speaking, the cross section [“**Ba(n, p)****Cs + 0.81*(**Ba(n, p)**"Cs)] was measured in the
experiment.

The difference with the ***Ba(n, p)**3™9Cs cross-section evaluations presented in the

Figure is 0.19**¥Ba(n, p)***™Cs. This value can be estimated using EAF-2010 and TENDL-2014
evaluations that contain the data for the metastable state. The difference should be approximately

0.2-0.3mb.
6 6(&\799 1lgji/n
3”13'8—0} 33_24?1nm
o
138
Decay data used for ~ **Ba(n, p)***Cs. s6Ba
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
462.8 30.7 6
- . - 1009.8 298 6
Ba 99.8 1 BaCOs Cs 3341m 18
1435.9 76.3 16
2218.0 15.2 3

" refer to samples with separated isotopes of Barium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

13858.(n, 2n)137mBa

13¥Ba(n, 2n)*"™Ba

En 9 #ACtotal | +AO0ret
[MeV] [mb] [%] [%%]
13.47 794 3.81 0.808
13.64 773 3.80 0.543
13.88 806 4.29 0.511
14.05 818 4.06 0.484
14.28 831 5.07 0.434
14.47 889 3.59 0.401
14.68 882 3.75 0.410
14.81 899 3.87 0.459
14.86 940 3.57 0.459

Ref. CS is ZAl(n, )*Na; ;=19

Cross Section [mb]

1100 ——

138

Ba(n,2n)*""Ba

1000 |-
900 |-
800 |-
700 1
600 |-
500 |-
400 |-
300 |-
200 |-

100 |-

0 1

T T T T T )7134‘ T T T
Lo ot
4orb Ty e T
1 1] 1 lé . 3 }
L é I ® i

TENDL-2014

EAF-2010

Present Data

2001 H.Sakane+

1995 S.Murahira+

1994 Y.Satoh+

1988 Y.lkeda+

1985 R.Pepelnik+

1978 N.Lakshmana Das+
1977 S.Sothras

S<Apeoae

13.0 13.2

13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]

138Ba(n, np)*¥'Cs contribution is neglected because of the little cross section and the very

long half life.

/ 712+ 30.07 <
Py <
13;(:8 B— 11/2661.660 5 grn

3/2+ 0
137
Decay data used for ~ **Ba(n, 2n)*'"Ba. 5682
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
¥Ba "99.8 1 BaCOs; BmBa 2.552m 1 661.7 89.90 14

" refer to samples with separated isotopes of Barium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

13%Ce(n, 2n)**Ce

136 135
136 135 Ce(n,2n)"*Ce
Ce(n) Zn) Ce L T T T T 1 T 7 A T
1600 - —— B
En o +AOtotal | +AOref ]
MeV] | [mb] | [o] [%] 0 5 »Eﬁ
13.47 1288 7.12 4.48 _ 1200 7
Q
13.64 1324 7.11 4.48 E 1000 £ .
C
13.88 1349 7.22 4.47 2
8 800 |- .
14.05 1406 7.05 4.47 n
[2)
a 600 - TENDL-2014 7]
14.28 1452 7.21 4.47 8 e
14.47 1478 7.20 4.47 400 - T%::'QDQB .
14.68 1500 7.17 4.47 200 |- v lerowplur i
14-86 1542 701 448 0 1 1 1 1 1 1 1 1 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; ¢y =1.3 Neutron Energy [MeV]
1112 )64458
ko
% 15Ce
52+ 19.5h
%' Bla
<
11/2- 268.219 287h
3/2% 0
135
Decay data used for ~ **Ce(n, 2n)***Ce. 56Ba
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
518.1 13.6 6
- - 572.3 10.4 4
Ce 0.185 2 CeO, Ce 17.7h 3
577.1 5.14 19
783.6 10.6 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

138C€(n, 2n)137mce

138 137m
Ce(n,2 C
138Ce(n, 2n)137mCe oo o . _ el(nl n)I . eI . .
1000
En (o) #AOtotal | +AOref
[Mev] | [mb] [%] [%] o0
800
13.47 732 7.41 4.17
a9 700
13.64 803 7.41 417 £
C 600
13.88 875 7.39 4.16 2
g 500k -
14.05 929 7.48 4.16 n
2 400 |- -
14.28 843 7.63 4.16 2
O 300 b= EAF-2010 =
14.47 867 7.97 4.16 e et
200 = S lerismaam | ]
14.68 945 7.84 4.16 100 i T 1970W.DLur ]
14.86 928 8.04 4.17 0 [ i i i . . . . | |
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.4 Neutron Energy [MeV]
q’a\n
orsn &S
EC 11/2- "254.29 344 h
3/2+ 0
9.0 h
'Ec1ggCe
7/2+  6x104y
137
3/2* 0
137
Decay data used for  **®*Ce(n, 2n)**""Ce. s6Ba
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
138C 137m
e 0.251 2 Ce0, Ce 34.4h 3 254.3 111 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

140C€(n, p)14OLa

140 140
Ce(n, La
H0Ce(n, p)**’La AP
En (o) #AOtotal | +AOref °
Mevl | [mb] | [A] | [%] ,
13.47 5.55 3.78 1.60 e
Qo
13.64 5.82 3.61 1.58 £
c 5
13.88 6.35 3.28 1.57 2
O 4L
1405 | 6.78 3.20 157 o
8 B0
1428 | 7.0 3.07 157 s’ -
14.47 7.44 2.99 1.57 2k : Eggi{i{;ﬂ?ﬁ .
1468 | 775 2.99 157 L ¢ pmwots” | ]
14'86 7'98 291 158 0 " 1 " 1 1 " 1 1 " 1 1 " 1 " 1
.93 92m 13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is “Nb(n,2n)""Nb; oz =1.2 Neutron Energy [MeV]
3- 1.6781d
120 4
s7ka b
[
140
Decay data used for ~ **°Ce(n, p)**’La. 58Ce
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product v [keV] [%6]
328.8 20.3 3
o " 487.0 455 6
Ce 88.450 51 CeO; La 1.67855d 12
815.8 23.28 19
1596.2 954 14
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

10Ce(n, 2n)**Ce

140 139
Ce(n,2n)"C
140Ce(n, 2n)13gce 2000 T T T T T T el(n T n) 'e T T T T T T
1800 —
En o #AOtotal | £AOref ; ;
[MeV] [mb] [%] [%] 1600 1 1
13.47 1683 6.12 0.634 _ oo R
Qo
13.64 1714 6.34 0.596 £, 1200 .
C
13.88 1724 6.31 0.565 2 1000 | — -
[0} —— ENDF/B-VII.1
14.05 1779 6.10 0.550 3 800 |- :Jié;iii:l;’a i
n ® Present Data
14.28 1750 6.18 0.547 S oo} s aorchennze ||
14.47 1793 6.29 0.553 0o L D o) ]
14.68 | 1802 6.26 0.568 a0 L. D |
14.86 1806 6.29 0.591 oL , : : : : : : , ,
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is *Nb(n,2n)*"Nb; ¢y =1.05 Neutron Energy [MeV]
N
11/2- 754.24 548s
3/2* 0
137.640d
' 139
%c 55Ce
712
139
Decay data used for ~ **°Ce(n, 2n)**Ce. s7La
Target Abundance | Chemical Reaction T E, Y,
nucleus [96] form product v [keV] [%]
1Ce 88.450 51 CeO;, Ce 137.641d 20 165.9 79.89 2
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

12Ce(n, 2n)**'Ce

Y2Ce(n, 2n)**'ce

En 9 #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
1347 | 1958 6.53 0.88
1364 | 1988 6.46 0.86
1388 | 1952 6.60 0.84
1405 | 1990 6.46 0.83
1428 | 1933 6.63 0.82
1447 | 1918 6.66 0.83
1468 | 1899 6.73 0.84
1486 | 1872 8.52 0.85

Ref. CS is ®Nb(n,2n)*"Nb; oy =1.1

Cross Section [mb]

2200

142Ce(n,2n)141Ce
— .

2000

T T T
»—i%
1

1800 i
1600
1400 |
1200 |
1000 |-
800 |-
600 |-
400 |-

200 -

0 1

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
—— JENDL-4.0
—— CENDL-3.1
Present Data
2011 Chuanxin Zhu+
1997 Y.Kasugai+
1995 Kong Xiangzhong+
1985 Teng Dan+
1976 O.Schwerer+
1974 S.M.Qaim
1970 W.D.Lu+
1968 J.Csikai+
1968 M.Bormann+

exXDAdAPSOO

13.0 13.2

13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]

15.0

7i2- 32.501d
141 Ce A
58 B-
5/2%
141 Pr
Decay data used for ~ **Ce(n, 2n)**'Ce. 99
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [26]
12 Ce 11.114 51 CeO;, Mce 32511d 13 145.4 48.4 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

151EU(n, a)148mpm

151 148m
El(n, Pm
151EU(r], (x)148um 4.0 T T (I OL) (EE— — T
36 | -
En (o) #AOtotal | £AO0vef
[MeV] [mb] [%] [%] a2 i
13.47 1.76 10.7 1.23 28 | -
13.56 1.82 15.9 1.22 € ..l w l + > ]
c 4
1368 | 180 | 106 121 5 .l | + g ﬂ ++ ++ 1
13.74 | 214 12.2 121 3 ‘ + + + >+ .
13.88 1.88 106 1.20 @ T J ]
o
13.96 1.90 12.1 1.20 G '2r .
1405 197 9.11 1.19 0.8 |- ;iggt}zgm -
14.19 2.20 109 1.19 s L o Psmowa | ]
14.26 1.89 10.0 119 0.0 [ P | [P BPU P | [P BPU P |
1442 198 11.6 1.19 - 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
1447 | 217 8.67 119 Neutron Energy [MeV]
14.61 241 14.9 1.20
14.68 2.28 11.3 1.20
14.78 2.02 9.88 1.21
14.86 2.19 12.3 1.21
Ref. CS is ®Nb(n,2n)*"™Nb; ay=1.1
<'.)('§\Q 95.0%
4199 4SS 137.9 B
. 1- 04
o 5.370d 148P N
TaEng 1
0t 7x1015y
148
Decay data used for ~ 'Eu(n, a))***"Pm. 623ma
Target Abundance | Chemical Reaction T E, Y,
nucleus [%0] form product v [keV] [%6]
550.3 949 12
151E 4781 6 148m
u ‘975 1 Eu,0; Pm 41.29d 11 630.0 89.0 9
' 725.7 32.8 4

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BIEu(n, o)***%Pm

151 148g
Eu(n,a) "Pm
151EU(n, (1)148ng » | E—— T T T T 1 T
=h o) 2AOtotal | +AOref or ]
[MeV] [mb] [%] [%] 36 | .
13.47 1.62 11.1 2.35 _
Ne)
13.64 1.79 10.0 2.34 E
c
13.88 179 10.6 233 = ]
Q 20 i
w
1405 | 1es | w03 | 23 | 87F . o o o o . LN ]
14.28 1.92 10.3 2.33 e )
O 2} + a
14.47 1.72 104 2.33
) .
14.68 1.92 9.82 2.33 o s Pt ]
14'86 1'83 981 234 0.0 [ " 1 " 1 " 1 " 1 1 1 " 1 " 1 1
’ 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; ¢y =1.3 Neutron Energy [MeV]
6 \6?0;;99530%
41.29d -
5.370d ’1 28 N
R 617 Mp-
o+ 7x1015y
14235; ,
Decay data used for ~ *'Eu(n, a))**®Pm. 0zm,
Target Abundance | Chemical Reaction T E, Y,
nucleus [%] form product v [keV] [%0]
151 4781 6 148
Eu ‘975 1 Eu,0; %Pm 5.368d 7 1465.1 222 5

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BIEu(n, o)**Pm

BEun, 0)*%Pm

Cross Section [mb]

En c #ACiotal
[MeV] [mb] [%]
13.47 3.38 7.66
13.66 3.68 7.26
13.88 3.67 7.47
14.05 3.81 6.80
14.27 3.82 7.14
14.47 3.89 6.62
14.68 4.20 7.57
14.86 4.03 8.02

Ref. CS is **Nb(n,2n)*"Nb

10

1k

0

151Eu(n,a)14st
—

TENDL-2014
ENDF/B-VII.1
—— EAF-2010
—— JENDL-4.0
—— ROSFOND-2010
® Present Data

13.0

13.2

134

13.6 13.8

14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

This is the sum of the ®Eu(n, o)**®*™Pm and ™'Eu(n, o)***%Pm cross sections measured
independently and presented on the previous pages.

41.29d

5.370d

o)
6~ é 137.9 B-

1y 0:
148

61

o\
S 950%

PmB_‘

o+ 7x1015y

Tagsm,
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BEu(n, 3n)*°Eu

BEy(n, 3n)*°Eu
En (o) #AOtotal | +AOref
[MeV] [mb] [%] [%%]
14.65 0.20 100 1.83
14.81 1.27 19.0 1.84
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.1

Cross Section [mb]

4.0

151

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
—— JENDL4.0
® Present Data
= 2002 Gongping Li*

32 |

28 |-

24 |

20 |-

0.8 |-

04 |-

0.0 M 1

Eu(n,3n) “Eu
——————

140 14.2

14.4 14.6

14.8 . 15.0 15.2 15.4
Neutron Energy [MeV]

[
149
EC 63Eu

7/2- >2x1015y

149 Sm
Decay data used for ~ *'Eu(n, 3n)**°Eu. 62
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
o ” 277.1 3.56 6
Eu 4781 6 Eu,0; Eu 93.1d 4 3075 403 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

151EU(n, 2n)150mEu

151 150m
Eu(n,2 E
151EU(n, 2n)150mEu 700 T T | Ul(n T n)l T ul A T
= (¢} #AOtotal | FAOref 600 |- .
Mev] | [mb] | [%] [%] } } .
13.56 501 20.0 20.0 500 = ‘ > 2]
= J ]
13.74 501 19.6 20.0 % w00 1 )
13.96 501 20.0 20.0 2 |
3
14.19 506 20.2 20.0 @ 300 1= 7
1442 | 519 211 20.0 S
O 200 |- 4
1478 | 507 20.7 20.0 100 |- PG
Ref. CS is ®Nb(n,2n)*"Nb; oy =15 () S— L L L IR B T
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
"% 89%
12.8h EC _EE; 2
358y ST
EC a3EU
ot 179108y
150
6aGdy
o
o+
150
Decay data used for ~ **Eu(n, 2n)*°"Eu. 625M
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
151 4781 6 150m 333.9 40 8
Eu * Eu,O Eu 128h 1
975 1 23 406.5 2.8 6

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BIEU(n, 2n)PY%Eu

BIEy(n, 2n)P%Ey

En 9 #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
13.56 1129 5.47 2.56
13.74 1174 5.01 255
13.96 1144 5.41 255
14.19 1095 5.74 255
14.42 1125 4.92 255
14.61 1139 4.67 255
14.78 1221 4.26 255
Ref. CS is ®*Nb(n,2n)*"Nb; ¢y =1.01

Cross Section [mb]

1400 ———j

S"Eu(n,2n)"*Eu

1300 -
1200 -
1100 -
1000 =
900 -
800 -
700 -
600 -
500 -
400 -
300 -
200 -

100 =

0 [ 1

TENDL-2014 —
EAF-2010
Present Data
1996 Y.lkeda+ -1
1996 J.W.Meadows+
1993 C.Konno+
1974 S.M.Qaim
1972 D.R.Nethaway

13.0 13.2

13.4 13.6 13.8

14.0 14.2 14.4

Neutron Energy [MeV]

14.6 14.8 15.0

EC 63 o+ 1.79x106 y
Ga;
o
o+
Decay data used for ~ *'Eu(n, 2n)"*%Eu. 12esm
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
. 4781 6 - 334.0 95.2 20
Eu . Eu,0, Eu 369y 9 439.4 79.6 16
9151 584.3 52.1 14

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BEu(n, 2n)*PEu

BEy(n, 2n)*°Eu

Cross Section [mb]

En c +ACiota
[MeV] [mb] [%]
13.56 1630 7.17
13.74 1675 6.80
13.96 1645 6.92
14.19 1600 7.45
14.42 1644 7.43
14.61 1635 6.76
14.78 1728 6.74

Ref. CS is **Nb(n,2n)**"Nb

2000

1800

1600

1400

1200

1000

800

600

400

200

0

13.0

151Eu(n,2n)150Eu

;fﬁ’ﬁ' o o

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JENDL-4.0
® Present Data
1980 J.Frehaut+
@ 1974 S.M.Qaim

13.2

13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]

15.0

The ***Eu(n, 2n)**°Eu cross-section was not measured in the experiment directly. This is the
sum of the ®*Eu(n, 2n)***™Eu and ™'Eu(n, 2n)***Eu cross-sections presented in the previous pages.
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

B3Eu(n, o)"Pm

153Eu(n, (x)lsoPm

En c 2AOtotal | +AOref
[MeV] [mb] [%] [%]
13.50 1.19 185 6.82
14.04 1.29 10.1 6.81
14.28 151 105 6.81
14.80 1.70 8.19 6.82
Ref. CS is ®Nb(n,2n)**"Nb; a4 =1.7

Cross Section [mb]

153Eu(n,a)150Pm

08
06 |
04 |

02 |

0.0 M 1

.

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
—— JENDL-4.0
—— CENDL-3.1
® Present Data
1998 Xiangzhong Kong+
1993 C.Konno+
A 1975 H.S.Pruys+
@ 1974 S.M.Qaim

13.0 13.2

13.4

13.6 13.8 14.0 14.2

Neutron Energy [MeV]

14.4

14.6 14.8

15.0

Three y-lines given in the table at the page bottom were used for experiments with samples
with separated isotopes of Europium. If samples of a natural abundance were irradiated then only
the last y-line 1324.5 keV was used for **Eu(n, o)**°Pm cross-section determination. This was done
to avoid a possible interference of the ™Eu(n, 2n)***"Eu reaction where the first two y-lines were

also excited in a branch decay to **°Sm.

(1) 2.68h :
RIPME o en E(fz’ R igf
B8y LA ——
% 1TEG
o+ 1.79x106 y
184Gd
¢
153 150 150Sm
Decay data used for Eu(n, o) Pm. 62
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
- 5219 6 . 831.9 11.9 8
Eu . Eu,0; Pm 2.698 h 15 1165.8 15.8 11
920 8 13245 175 12

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

153EU(I’], 2n)152mlEu

153 152m1

(n 2n)

—
—y—
—y—

TENDL-2014
EAF-2010
® Present Data
> 1993 C.Konno+|
* 1974 S.M.Qaim|
@ 1971 A.Bari

B3E0(n, 2n)P*™EU 450 S
En (o) #AOtotal | +AOref wr
Mevl | [mbl | [%] %] | :
b
13.56 293 14.3 11.3 ~wf 1
13.74 288 136 11.3 £
= 250 |-
13.96 284 13.8 11.3 S
8 200 =
14.19 286 14.0 11.3 o
@
14.42 281 13.8 11.3 g 10 =
14.61 275 145 11.3 100 |-
14.78 267 14.6 11.3 s L
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.6 )| S E—
13.0 13.2 13.

4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

The metastable state **™Eu (45.6 keV 0°) is not populated from the higher lying metastable
level 2™Ey (147.8 keV 8) which decays to the ™Eu ground state (0.0 keV 3). On the other
hand, the ***™Eu does not populate the ***%Eu in decay. Therefore, two independent experiments
were carried out for measurement of cross-sections of °Eu(n, 2n)"**™Eu (this page) and
B3Eu(n, 2n)2™*9EY (next page).

8’6 147.81
% 72% 96
2E8({) 0- '45 5994 ‘B_ 9. 2;14 h
» m A 13.542 y
72 08% o7 92%
0ot 1.08x10My
o 122Gd)
Decay data used for ~ **Eu(n, 2n)***™Eu. T sm c
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [2%6]
121.8 7.0 8
52.19 6 344.3 24 4
ey R Eu,0, 1My 9.3116 h 13
99.20 8 841.6 14.2 16
963.4 11.6 13

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

153EU(n, 2n)152m2+gEu

153Eu(n, 2n)150m2+gEu

En o +AOtotal | +AOref
[MeV] [mb] [%] (%]
13.56 1467 4.64 0.758
13.74 1524 4.74 0.735
13.96 1526 4.26 0.714
14.19 1505 4.92 0.706
14.42 1443 455 0.711
14.61 1544 3.89 0.723
14.78 1464 3.85 0.738

Ref. CS is ®*Nb(n,2n)*"Nb; ¢y =1.05

Cross Section [mb]

153Eu(n,2n)152m2+gEu

1800 =

1600 =

1400 =

1200 =

1000 =

800 -

600 -

400 =

200 =

0 1 1

—y—

r
<
L

++w ;1
T

TENDL-2014
EAF-2010
® Present Data
4 1996 Y.lkeda+
» 1993 C.Konno+

13.0 13.2

13.4

13.6 13.8

14.0

14.2 14.4

Neutron Energy [MeV]

14.6 14.8 15.0

The main attention of the experiment was concentrated on the accurate measurement of
cross-sections which lead to generating long-lived reaction products. The **™2Eu metastable level
(147.8 keV 8) decays to the long-lived *Eu with a 100% probability. The cross-section
B3Ey(n, 2n)P*™*9Ey was determined in this work.

28%

&
8- 147.81

»3¥ o

- 72% 96 m
EC 0~ [45.5994 B_

9.274 h

K 152
EC 63EU B-

72.08%

4
. 13.542
N y

27.92%

o+ 1.08x10%4y

o* 132Gd)
Decay data used for ~ ***Eu(n, 2n)*®*™**9Eu. 132Sm o
Target Abundance | Chemical Reaction T E, Y,
nucleus [%)] form product vz [keV] [2%6]
344.3 26.59 20
52.19 6 778.9 12.93 8
ey . Eu,0; B2EY 13517y 9
99.20 8 11121 13.67 8
1408.0 20.87 9

" refer to samples with separated isotopes of Europium
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

3Eu(n, 2n)Eu

B3Eu(n, 2n)*%Eu

2000

1800

1600

1400 =

1200 -

1000 =

800 -

Cross Section [mb]

600 =

400 =

En c +ACiota
[MeV] [mb] [%]
13.56 1759 4,50
13.74 1811 4.49
13.96 1809 4.15
14.19 1791 4.66
14.42 1724 4.38
14.61 1819 3.92
14.78 1730 391

200 =

Ref. CS is **Nb(n,2n)**"Nb

0 1

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
—— JENDL-4.0
—— CENDL-3.1
® Present Data

13.0 13.2

13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]

15.0

The ™3Eu(n, 2n)*?Eu cross-section was not measured in the experiment directly. This is the
sum of the *°Eu(n, 2n)***™Eu and ***Eu(n, 2n)***™**9Eu cross-sections presented in the previous

pages.

O+
152
g2om

<
28% %ﬁ 7[%% 96 m
EC /vaﬁo‘ 9.274 h
13.542y
152Eu
EC 63 p-
72.08% 27.92%

0+ 1.08x10™4y
152 )
64Gd

o
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

181Ta(n, a)178m Lu

181 178m
Ta(n,a Lu
181Ta(n, (X)l78m|_u 0.36 T T T T T T I( T ) T T T T T T T L'
032 | i .
En G | #A0total | #40ref L L |
[MeV] [mb] [%] [%] 028 | | & ook vKamgan | i
13.68 | 0.151 9.23 2.94 _ emlb 1 L HJﬁ%ﬁ i
£ LT o | -
1388 | 0171 | 878 2.93 E ool T Com + )
1426 | 0.203 7.29 2.92 2 I L :
O 0.16 |- * -
1444 | 0216 | 691 291 o o
[%2}
1464 | 0242 125 2.92 ST ]
1471 | 0.209 9.56 2.92 008 - .
i 27 24 0.04 = -
Ref.CS is “’Al(n, a)"'Na; g =1.8
0.00 " 1 " 1 1 " 1 1 1 " 1 1 " 1

13.0 13.2 13.4

13.6 13.8

14.0

14.2

Neutron Energy [MeV]

14.4

14.6 14.8 15.0

A separate determination of *®'Ta(n, o)'®™Lu and **'Ta(n, )'"®Lu cross-sections was
based on the following circumstances.

There is no isomeric transition from the metastable state (9") to the ground state (1) of *®Lu.

The remarkable spin difference cause also the different decay paths of the *®"Lu and *™®Lu inside
the *"®Hf that are not crossed till the lowest states. The *"®Hf y-transitions between the high spin states were
chosen for characterization of the Y®™Lu decay, and those between the low spin states were used in

processing the 1"*9L_u data.

231m& 12 p-
1tH 04
TR 284m
1 p- 8 1147423 4 0o
—
o+ 0
181 178m 178 Hf
Decay data used Ta(n, o) """'Lu. 72
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%6]
213.4 81.4 15
®iTa 99.988 2 Ta-metal Ly 23.1m 3 325.6 94.1 16
426.4 97.0 18

204



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BlTan, o)t Lu

BlTan, o)*"®Lu

En o #AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.68 | 0.303 55.1 50.0
13.88 | 0.403 55.9 50.0
1426 | 0.422 50.9 50.0
14.44 | 0.423 52.7 50.0
14.71 0.524 52.9 50.0

Ref. CS is ZAl(n, 0)*Na; ay=1.7

Cross Section [mb]

0.7 —

TENDL-2014
EAF-2010
Present Data
2002 S.V.Begun+
1966 J.L.Meason+|

0.5 |-

0.4 |-

03 -

02 |-

0.1 |-

0.0 M 1 M 1

181Ta(n,a)1789Lu
—T— T

130 132 134

13.6 13.8 14.0 14.2 14.4
Neutron Energy [MeV]

14.6 14.8 15.0

An essential difference between spins of *"®™Lu and *"®Lu allows a separate determination
of ®®'Ta(n, o)*"®™Lu and **Ta(n, o)*"®Lu cross-sections (see the previous page).

231 m S B~
TR 284m
71 B- § 1147423 4o
0+ 0
178
Decay data used for ~ *®Ta(n, a)*"®Lu. 72Hf
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [2%6]
1309.5 116
181 _ 1789
Ta 99.988 2 Ta-metal Lu 284m 2 13408 34 17
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BlTamn, o)'"®Lu
En c +ACiota
[MeV] [mb] [%]
13.68 0.454 36.9
13.88 0.575 39.3
14.26 0.625 34.4
14.44 0.638 34.9
14.71 0.733 37.9
Ref. CS is Z’Al(n, 0)*Na

Cross Section [mb]

0.9 @ 1997 A.D.Majdeddin+
: 1963 S.K Mukherjee+]

0.8 I
0.7
0.6 I
0.5
0.4 I
0.3 :
0.2 I

0.1

B1Ta(n, o) 78Lu

181Ta(n,a)178Lu
—T— T

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
—— JENDL-4.0
—— CENDL-3.1
—— ROSFOND-2010
® Present Data

00. M 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1 M 1

- 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

The *®Ta(n, a)'"®Lu cross-section was not measured in the experiment directly. This is the
sum of cross sections ***Ta(n, o))'"®™Lu and **'Ta(n, o) "®Lu presented in the previous pages.

231 m &) 120 B-
1) 0 X284m
178Lu o K
71 B- 8- 1147.423

T 40s

0+ 0
178
2oHf
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BTa[(n, np)+(n, d)]***"Hf

181 180m
181 180 Ta[(n,np)+(n,d)] " Hf
Ta(n, X) me 0.40 T T T T T 7T T —
E, G | 240w | 240w o3s | -
[Mev] | [mb] [%] [%] 3 Byt
0.30 | A 1992 Y Kasugai+ —
13.68 0.067 14.9 14.6 _
L 025k _
13.88 | 0.084 11.9 115 E FIL
= ]
1426 | 0.124 8.06 7.49 2 o} 1; T
[0
w
14.44 | 0.145 207 205 2 o | 2 2 ]
14.64 0.144 10.4 10.0 e —5%; T
© 0.10 }= ’—ﬁ—‘ - _
14.71 0.147 13.6 13.3 i Hgﬂ T
o7 2 005 |- Rl & o 7
Ref. CS is “Al(n, a)“'Na; g =1.3 A N
0.00 " 1 1 1 " 1 " 1 " 1 " 1 1 " 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
o\©
x4
A 0.3%
8- 1141.48 —
5.5h —'|—\f
ot 0
180Hf
Decay data used for ~ *®Ta(n, x)**™Hf. 72
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
2154 81.6 20
¥1Ta 99.988 2 Ta-metal 180mpy 553h 2 332.3 94.0 30
443.2 81.7 25
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

181Ta(n, p)181H.|:

181 181
181 181 Ta(n,p) " Hf
Ta(n) p) Hf 6 T T T T T T T 1 l'/l T
En o #AOtotal | *AOref s
[MeV] [mb] [%0] [%]
13.48 1.918 7.73 0.82 .
13.68 2.040 6.23 0.79 E
13.88 2.305 7.33 0.77 .é 3
(&) TENDL-2014
14.06 2.594 6.88 0.76 $ 9 = — é oo
) -t =4
14.27 2.853 5.84 0.76 é) 2 Z i i ¢ Rosronb2010
(.) ® Present Data
1446 | 3306 | 6.23 0.76 D msvseont
1469 | 3624 | 527 0.77 T 3 mmle
14.83 | 3.703 6.41 0.79 D e
0 2 1 1 1 2 1 1 2 1 2 1 1 2 1
. 93Nb 2 gszb- _ 1 2 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is (n,2n) y =L Neutron Energy [MeV]
1/2- 42.39 d
181 4
72HF p2
7/2%
181-|-
a
Decay data used for ~ ***Ta(n, p)*¥iHf. 73
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
345.9 15.12 12
181 181
Ta 99.988 2 Ta-metal Hf 42.39d 6
482.2 805 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BlTa(n, 2n)*"Ta

81Ta(n, 2n)'*Ta 1500 R
1400 [ k T —
En c #AOtotal | 2AOvef 1300 ji R
[Mev] |  [mb] [%] [%] 1200 e dl
1100 z =
1347 | 1179 | 180 | 3.60 o | 1
13.66 1238 12.0 3.60 £ 900 = ]
S st -
13.88 1157 17.6 3.59 = . 1
3 700_- 7
1405 | 1190 17.4 3.59 D oo | e o ]
8 I o Posmban ]
14.27 1256 12.2 3.59 g oor S S Commer
O 40} 2 o ametior |
14.47 1224 173 3.59 a0 [ b ol
14.69 | 1240 12.2 3.59 200 | * e |
100 = .
14.86 1190 17.6 3.60 ol | | | . i i ] 1 1 ]
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.4 Neutron Energy [MeV]
o
15
180Ta ‘
EC 73 p-
86% 14% 0+ 0
180
o+ 0 7aW
180
Decay data used for ~ *¥*Ta(n, 2n)**®Ta. 72Hf
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
93.3 451 16
181 180
Ta 99.988 2 Ta-metal Ta 8.154h 6
103.6 0.87 24
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

180w(n ’ 2n)179mW

180 179m,
W(n,2n) "W
180W(n, 2n)179mW T T L DA B | T T T
600 -
En o +AOtotal | +AOref y
[MeV] [mb] [%] [%%] 500 |- | |
1348 | 540 15.9 116 _ l \
'g 400 |
13.64 573 14.0 11.6 =
S
13.88 | 490 14.4 116 S ol )
14.28 498 19.0 116 @
[%2}
1447 | 501 134 116 5 2ot .
1468 | 459 153 116 — oo
100 | o Prasenpats .
14.82 476 13.6 11.6 5 2008 Kaihong Fang
Ref' CS iS 27A|(n! (X‘)24Nal ad:14 013.0 . 13.2 134 . 13.6 . 13.8 . 14.0 . 14.2 . 14.4 . 14.6 . 14.8 15.0
Neutron Energy [MeV]
o
b
o
0.28% _'\@
EC ggfz*gzg 6.40 m
, 37.05m
179
ke 7AW
72+ 1.82y
9/2+ 0 ‘Ec1;§Ta
179
Decay data used for ~ ¥®wW(n, 2n)"°™w. 72Hf
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
180 179m,
w 012 1 W-metal W 6.40m 7 221.5 8.8 7
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

182W(n, n(l.)178m2Hf

182W(n,na)178m2Hf
182, na) M2 HE : e T N
, 0.028 |- TENDL-2014 7]
E, O | #40ta | 40k | | T ]
[MeV] | [mb] [%] %1 T
14.74 0.010 60.0 3.77 = 0020 |- i
E -
Ref. CS is ®Nb(n,2n)*"Nb; ¢y =1.01 S oot |- — i
f;
N 0.012 |- -
[]
8 .
O o008 |
0.004 =
0.000 . 1 1 . 1 1 . 1 - 1 1 - 1 " 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
S
16+ 244605 a4
&
8- 1147.423
—— 40s
\J
0* 0
178
Decay data used for ~ *82W/(n, no)"®™?Hf. 72Hf
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
325.6 94.1 16
426.4 96.5 17
182y 26.50 16 W-metal LIBmZ L f 31y 1
495.0 70.1 16
574.2 88.6 21
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

182W(n ’ (l)179m2 Hf

182W(n, a)179m2Hf
En o +AOtotal | £AOref
[MeV] [mb] [%] [%]
14.28 0.0022 59.1 3.71
14.82 0.0080 62.5 3.72
Ref. CS is Nb(n,2n)*"Nb; oy =1.1

0.05

182W(n

,OL)179m2Hf

0.04 |-

0.03 |-

0.02 |-

Cross Section [mb]

TENDL-2014
EAF-2010
—— ROSFOND-2010
® Present Data

0.01

0.00

13.0 13.2

13.4 13.6 13.8

14.0

14.2

14.4 14.6 14.8 15.0

Neutron Energy [MeV]

N
252 110584 o 15 ¢
N
1223750367 40 o7 ¢
\/
9/2+ 0
179Hf
Decay data used for  **W(n, o)™ Hf. 72
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
315.9 203 7
362.6 39.6 15
W 26.50 16 W-metal Home 25.05d 25
409.7 215 8
453.6 68 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

182w(n , p)182m2Ta

182W(n, p)182m2-|-a
En o +AOtotal | +AOref
[MeV] [mb] [%] (%]
13.48 0.040 75.0 4.36
13.64 0.052 40.4 4.32
13.88 0.079 25.6 431
14.28 0.115 174 4.30
14.47 0.115 30.4 4.30
14.68 0.126 24.0 4.30
14.82 0.150 333 431
Ref.CS is Z’Al(n, 0)*Na; oz =1.3

Cross Section [mb]

182W(n,p)182m2Ta
T T T T

0.28 |-

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
® Present Data
@ 1992 Y Kasugai+
@ 1975 S.M.Qaim+

024 |-

0.00 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

l ——
——— E

13.0 13.2 13.6 13.8

Neutron Energy [MeV]

14.0 14.2 14.4 14.6 14.8

15.0

Q
10519572 e gy o
5+ V16 263
FY 0 g
182Ta '
73 B-
O+
182
Decay data used for ~ ®W(n, p)*¥*™Ta. 7aW
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
W 26.50 16 W-metal Ta 15.84 m 10 1716 280 20
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

182W(n ’ p) 182Ta

182 182
W(n,p) “Ta
182W(n’ p)182Ta — T T T T T T T T 1 1
7 T .
E, | O |0 | 0 = —
[MeV] [mb] [%] (%] °T | =t
13.64 | 3344 | 893 3.5 oL |y e
Ne) © 1959 M.Lindner+
13.88 4.056 173 3.55 £
S 4
14.28 4,767 5.33 3.54 2
()
14.47 4.355 20.6 3.55 g 3
(2]
14.68 5.348 9.27 3.55 2
O >
14.82 5.785 5.79 3.55
1k ]
Ref. CS is Nb(n,2n)*"Nb; oy =1.1
0 1 1 1 1 1 1 1 1 " 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
N
10° 519572 4z 04
gj‘\ 16.263 283 ms
114.43 d
182-|-a .
73 p-
O+
182
Decay data used for ~ **W(n, p)**Ta. 7aW
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%6]
1121.3 35.24 8
182 182
W 26.50 16 W-metal Ta 114.74d 12
1221.4 27.23 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

183W(n ’ a)180m Hf

183W(n, 0L)lBOme
En &) #ACtotal | 2AO0ref
[MeV] [mb] [%] (%]
13.64 | 0.025 19.98 1.74
13.88 | 0.033 21.19 1.73
14.28 | 0.039 25.62 1.7
14.47 | 0.060 21.64 1.70
14.68 | 0.047 29.77 1.70
14.82 | 0.071 18.28 1.72
Ref.CS is Z’Al(n, 0)*Na; oay=1.4

Cross Section [mb]

010 ——1—

0.09 -

TENDL-2014

—— ENDF/B-VII.1
EAF-2010

® Present Data

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01 |-

0.00 1 1

13.0 13.2 13.4

13.6

13.8 14.0

14.2

14.4 14.6 14.8

Neutron Energy [MeV]

AP
o
N
55 & 114148 f-
9- 5.3
ﬁ >1.2x1015 Y
180
7314
0+
180
Decay data used for ~ *3W(n, a))**"Hf. 7oHf
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
N _ o 332.3 94.0 30
W 14.31 4 W-metal Hf 553h 2 443 2 817 25

215




A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

183W(n ’ p) 183Ta

183W(n,p)183Ta
T T T T

B3W(n, p)¥Ta 8 T T T

e | o || pa | [ TR -
1364 | 3.77 9.26 6.71 _ o Tl
13.88 | 4.49 8.89 6.71 £° ! /
1428 | 571 8.34 6.71 % 4 ¢ =
14.47 5.43 10.6 6.71 @ . ]
1468 | 6.86 7.63 6.71 §

2 E i
1482 | 7.19 8.02 6.71

Ref. CS is Nb(n,2n)*"Nb; oy =1.2

0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

(3/29) 1.067 h
183Hf 4
72 p-
7/t 5.1d
183Ta 4 &
73 11/2+309.493
52s
1/2- 0
1 83W
Decay data used for  '#w(n, p)**Ta. 4
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%6]
1B\ 14.31 4 W-metal %Ta 51d 1 354.0 11.2 7
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

184W(n, a)181Hf

184W(n,a)181Hf
184W(n, a)lSle 13 L LI L B T T T
12 TENDL-2014 7]
Ex G | #A0iotal | #AOref R | .
[MeV] | [mb] [%] [%] P % i
1364 | 0495 | 864 0.79 =00 | 3 ]
08 | o _
1388 | 0.484 8.65 0.77 EM
S 07 |- B i
1428 | 0.701 456 0.75 g .6 ]
o - - A
1447 | 0639 | 156 0.76 g 05 | . ]
1468 | 0819 | 548 0.7 5 oef .
14.82 | 0.850 5.18 0.79 “r ]
02 |- _
Ref. CS is ®Nb(n,2n)2"Nb; = 1.1 o1 | ]
0.0 [ . P | [ IR R | 1 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
1/2- 42.39d
181 4
72 Hf B_
72+
184 181 181 Ta
Decay data used for ~ **W(n, a)*®'Hf. 73
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product w2 [keV] [%]
133.0 43.3 5
84w 30.64 2 W-metal 81f 42.39d 6 345.9 15.12 12
482.2 80.5 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

184W(n ’ p) 184Ta

184 184
W(n,p) " Ta
184 184 4.0 . : : : . .
W(n' p) Ta T T T T T T T T ;
3.6 |-
En (o) #AOtotal | +AOref
[MeV] [mb] [%] [%] 32 |
13.48 1.40 6.71 450 = 28r
13.64 1.60 6.00 4.46 E 24f
5
13.88 1.86 6.19 4.45 B 20F
(0]
14.05 2.15 7.39 4.45 D st
2] TEN-DZI(;Z(;]M
14.28 2.39 5.71 4.45 8 1.2 —ErEa2 i
1447 | 2.73 5.03 4.44 os | T
14.68 3.03 5.05 4.44 04 | e ]
14.84 3.23 4.97 4.45 00 L1 . L. . L
13.0 13.2 134 13.6 13.8 14.0 14.2 14.6 14.8 15.0
Ref.CS is Z’Al(n, 0)*Na; oay=1.4 Neutron Energy [MeV]
59y 8.7h
184
7314
0+
184
Decay data used for  **W(n, p)**Ta. 74V
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product vz [keV] [%]
252.9 44 3
184w 30.64 2 W-metal Ta 87h 1 414.0 72 3
920.9 32.0 15
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

186W(n, na)182mH.|:

186W(n,na)182me
186W(n, na)lBZme 0.010 — — T I I I
bom I e -
= (o] #AOtotal | *AOvyef 0008 | Lo Peeenioa ]
[MeV] [mb] [%] [%] '
0.007 = -
14.72 0.0063 20.6 8.74 =
£ 0.006 | _
14.81 0.0065 231 8.74 =
% 0.005 = -
Ref.CS is Z’Al(n, 0)*Na; oz =15 8
» 0.004 = -
8
5 0.003 = -
0.002 = -
0.001 [ /
A R — .
0.000 i 1 i 1 i 1 i 1 i 1 i 1 1 i 1 i 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
de
& sey
61.5m8_ 1172.88~ B,
9108 y Lm0
<108 y 3- 0
1824 & —=m— [1443d
- 182 RN
0+
182
Decay data used for ~ *8W(n, no)*®*™Hf. 7aW
Target Abundance | Chemical Reaction T E, Yy
nucleus [%0] form product vz [keV] [%0]
224.4 38 3
344.1 46 6
oW 28.43 19 W-metal 1M f 61.5m 15
455.8 20.0 21
942.8 23 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

186W(n, a)183H.|:

186 183
W(n, o) ®Hf
186W(n, 0L)183Hf 0.9 — T T T T T 1T T T T " T T T 1 ‘-
e
En o #AOiotal | #AOvef [ |2,
[MeV] [mb] [%6] [%] 07 o Fresent Do
- v 1994\(Kags?jlgaz::gzmng+

1348 | 0274 | 229 139 o | % Embeer |

o) @ 1975 S.M.Qaim+ -
1364 | 0277 | 185 139 £ ..

- o

(]
13.88 0.387 15.6 13.9 5

8 0.4
14.28 0.461 17.3 13.9 2

o 03
14.47 0.520 14.4 13.9 5
14.68 0.582 19.0 13.9 02 _ _
14.82 0.601 14.1 13.9 01 | §

R X " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 "

Ref. CS is 27Al(n, (1)24Na; o3=15 0013.0 132 134 136 138 140 142 144 146 148 150

Neutron Energy [MeV]

(3/27) 1.067 h
183Hf 4
72 B-
72t 5.1d
183Ta 4 &
73 B~ 11/2+309.493 5.9
.S
"R
183
186 183 7aWV
Decay data used for W(n, o) HF.
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
450.1 27 4
186 183
W . W-metal Hf .
28.43 19 meta 1.067 h 17 7838 66 9
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

186W(n ’ p) 186Ta

186 186.
W(n,p) " Ta
186W(n, p)lSGTa — T T T T T 1 1 T
24 |- -
e s
En c #AOtotal | #A4O0ref B =
[MeV] [mb] [%] (%] 20 |7 Fesnbua N
v 1992 vKasogar v
13.48 0.80 125 10.9 = > 1erssuaan: ]
1365 | 093 12.0 10.9 Ew
13.88 | 1.02 115 10.9 g .,
S
14.04 1.25 12.0 10.9 @
[%2}
1427 | 155 125 10.9 5 os
14.46 1.59 11.2 10.9
0.4
14.67 1.83 11.6 10.9 L
14.82 1.97 112 109 0.0 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is ZAl(n, 0)*Na; oz =15 Neutron Energy [MeV]
23 10.5m
186 4
0+
186
Decay data used for ~ **w(n, p)'®*Ta. 7aW
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
197.9 50 5
186 186
W 28.43 19 W-metal Ta 105m 3
615.3 28 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BOWI(n, np)+(n,d)]**Ta

186W(n, X)185-|-a

En (o) #AOtotal | +AOref
[MeV] [mb] [%] (%]
14.72 0.155 9.68 5.82
14.81 0.250 7.93 5.82
14.88 0.270 7.33 5.82

Ref.CS is ZAl(n, 0)*Na; oy=1.4

Cross Section [mb]

0.5

W[(n,np)+(n,d)]"**Ta

TENDL-2014

EAF-2010
—— JEFF-32

—— JENDL-4.0

0.4 —— ROSFOND-2010
® Present Data
® 2003 H.Sakane+
v 1994 Y Kasugai+

0.3

0.2

0.1

0.0

13.0 13.2

13.4 13.6 13.8 14.0

14.2

Neutron Energy [MeV]

14.4 14.6 14.8 15.0

(7/2*) 494 m
185 4
&
;,Z_T: 197.43 167 m
185 «75'1 d
74 -
5/2%
186 185 185Ra
Decay data used for W(n, x)""Ta. 75
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product vz [keV] [%0]
173.9 22.6 17
186 185
W 2843 1 W-metal Ta 494m 1
8.43 19 9.4m 15 1776 257 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

186W(n, 2n)185mW

900

186W(n,2n)185mw
T T T

800 -
En o #AOtotal | 2AOvef ! ]
[MeV] [mb] [%] [%] 700 ./+ %_% %
1347 | 699 8.53 5.72 = o i l i
E 4
13.66 676 8.86 5.69 g oo . |
13.88 686 8.77 5.68 =
$ 400 -
14.04 680 8.78 5.68 >
8 300 | i
14.26 683 8.69 5.68 5 Lty
14.44 712 9.26 5.68 200 1= | 2 2o Ko e 1
14.63 691 8.70 5.68 100 L .
14.81 707 7.72 5.68 IS P TP S SR SR S
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref.CS is Z’Al(n, 0)*Na; oz =1.8 Neutron Energy [MeV]
&
AN
:13/12/—2+ 197.43 167 m
_75.1
185W a4 %1d
74 -
5/2+
185
Decay data used for ~ *®w(n, 2n)**™w. 75Re
Target Abundance Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%6]
131.6 4.33 21
164.3 0.59 3
18w 28.43 19 W-metal 1My 1.67m 3
173.7 3.26 15
187.9 0.81 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

186W(n ’ 2 n)185W

186W(n, 2n)185W

En o +AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.64 1968 178 3.76
13.88 1892 175 3.75
14.28 1903 12.0 3.75
14.68 1969 13.1 3.75
14.82 2073 116 3.76
Ref. CS is Nb(n,2n)*"Nb; oy =1.1

Cross Section [mb]

2400 (——

2200 =

186W(n,2n)185w
—_——

2000 £
1800 5
1600 N
1400 N
1200 N
1000 N
800 N
600 N
400 N

200 =

0 I 1

—— ENDF/B-VII.1

—— JEFF-3.2
—— JENDL-4.0

m
£
°

TENDL-2014

EAF-2010

Present Data
1997 Kong Xiangzhong+
1980 J.Frehaut+
1975 S.M.Qaim+

13.0 13.2 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
&
&N\
11/2 197.43 167 m
32 ¥ 0 7514
185W R Y
74 B-
5/2*
1
Decay data used for ~ *®w(n, 2n)'**w. §,§Re
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
1o 28.43 19 W-metal W 75.1d 3 125.4 0.0192 7
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

Re(n, a)'*Ta

185 182
185Re(n oc)ngTa 20 —— , , .Re,(n’.a) ,Ta} , , —
er TenpLa0
=h c ZAOtotal | *AOref o
[MeV] [mb] [%] [%] W e
14.48 1.40 35.7 0.681 =
E 12
Ref. CS is ®Nb(n,2n)*"Nb; = 1.01 <
'.8 1.0
[0
n 0.8
[}
S
O 0.6 |- -
0.4 |- -
0.2 |- -
0.0 I i 1 1 1 i 1 i 1 i 1 1 1 i 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
N
10—&519.572 15.84 m
zj'\ 16.263 283 ms
114.4
827, & ¢
73 B-
«°
185 182 182
Decay data used for Re(n, o)™ Ta. 74
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
1189.0 16.49 5
185 182
Re 37.40 2 K;ReCl Ta 114,74 d 12
2 1221.4 27.23 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

185Re(n, 2n)184mRe

%°Re(n, 2n)**"Re

En o #AOtotal | *AOref
[MeV] [mb] [%] [%%]
14.74 357 9.19 6.01
Ref. CS is Nb(n,2n)*"Nb; oy =1.1

Cross Section [mb]

500 ——

"®Re(n,2n)
—

184
"Re

450 |-

400 |-

350 -

300 -

250 -

200 -

150 |-

100 |-

50 |-

0 1

A% i

b

TENDL-2014
EAF-2010
—— ROSFOND-2010
® Present Data
= 2011 Chuanxin Zhut
2002 Zhang Feng+
4 2001 BKiraly+
v 1999 Lu Hay
< 1993 C.Konno+
© 1989 Wang Xiuyuan+

NS
l

13.0

13.2

13.6 13.8

14.0

14.2

14.4

Neutron Energy [MeV]

14.6 14.8

15.0

Most y-rays used for *°Re(n, 2n)'®**"Re cross-section calculation belong to the **W. (An
exception is a 104.7 keV y-ray which belongs to the **Re). For y-rays of the ***W, a special care
was taken to exclude y-transitions which may accompany the *®*Re ground state decay.

e
28% o &ag o1
EC, S22 169d
380d #3201
184R
EC 75€
o+ >3x1017y
184W
Decay data used for  '**Re(n, 2n)***"Re. 74
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product vz [keV] [%0]
104.7 13.6 4
o o 161.3 6.56 23
Re 37.40 2 K:ReCls Re 169d 8
536.7 3.33 11
920.9 8.2 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Re(n, 2n)*"Re

%Re(n, 2n)**Re

En o #AOtotal | *AOref
[MeV] [mb] [%] [%%]
14.74 1488 5.94 3.81
Ref. CS is Nb(n,2n)*"Nb; oy =1.2

Cross Section [mb]

2000

®Re(n,2n)"**Re

1 T T T T T T T
; 17
Y B S N RS
ITT
1600 = |
T T
1400 < ! < < < 1 < <
il il h 1 T ) 1
1200
1000 =
800 -
TENDL-2014
600 - EAF-2010
—— ROSFOND-2010
® Present Data
- = 2011 Ch Zhu+|
400 2002 zn::;gngf
A 2001 B.Kiraly+
v 1999 Lu Hanlin+
200 - < 1993 C.Konno+
0 1 1 1 1 1 1 1 1 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

Gamma-rays used for **Re(n, 2n)***9Re cross-section calculation are presented in the table
at the page bottom. They all belong to the *®*W. In contrast to the case considered on the previous
page, the y-rays chosen to characterize the **Re(n, 2n)*®*Re reaction may accompany not only the

decay of **9Re but also this of ***™Re, with a far less intensity though.

The '®™Re(n, 2n)**Re cross-section data was corrected for a possible admixture of the
184mRe decay.

o\o

bA

24.6% _ . &>
gc B0 188.01 4pg 4
380d 2#0Y__20
' 184
0+
1 84W
Decay data used for ~ '®°Re(n, 2n)***9Re. 74
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [2%6]
792.1 37.7 11
'%Re 37.40 2 KoReCls *9Re 35.4d 7 894.8 15.7 5
903.3 38.1 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%Re(n, 2n)'*Re

185, 184
Re(n,2n) "'Re
185Re(n, 2n)184Re 2400 T T T T T T T T T T T T T T
2200 |- % 5 ;i e
E S 1 = E—
n (@) lLAO-totm 2000 b——— J ] = .
[MeV] [mb] %] oo | | L .
14.74 1845 5.07 = oo | i
2 ]
Ref. CS is *Nb(n,2n)**"Nb c T ]
'.g 1200 = —
[&]
S ]
) 1000 |- —
% ]
9 800 |- -
O _TENDL-ZOM
600 [- EAPOOTD .
—— ROSFOND-2010
@ Present Data
400 - : ZOHChuanxTth -
o 3988 wang Kuyuane .
200 |- .
1 1 1 1 1 1 1 1 1

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The *®Re(n, 2n)**Re cross-section was not measured in the experiment directly This is the
sum of cross-sections **>Re(n, 2n)***"Re and '*Re(n, 2n)'**9Re presented in the previous pages.

S
Q.).
24.6% AN
EC 8(*)\*188.01 169 d

380d ALY 0

184
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

¥'Re(n, a)***Ta

187Re(n,oc)184Ta
10 T T T T T 1 T T
“'Re(n, 0)"*'Ta ook [ -
En G | #40ta | #AOref i ]
[MeV] [mb] [%] [%] 07 e
o)
13.67 0.316 15.2 4.80 E os a
c
14.06 0.416 10.6 4.79 -% 05 g
[0
14.46 0.561 7.74 4.79 3 04 i
[%2}
14.84 0.609 7.97 4.80 C o3 i
o
Ref. CS is Nb(n,2n)*™Nb; oy =2.0 02 |- 1
0.1 | -
0.0 I " 1 1 1 1 1 1 " 1 1 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
5) 8.7h
184 4
0+
187 184 184y
Decay data used for Re(n, )" Ta. 74
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product v [keV] [%6]
187 184
Re 62.60 2 K,ReClsg Ta 87h 1 414.0 72 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

187Re(n, p)187W

187Re(n, p)187W

En (o) #AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.67 2.75 109 1.62
14.06 3.18 9.42 1.60
14.46 3.45 101 1.60
14.84 3.94 7.23 1.61
Ref. CS is Nb(n,2n)*™Nb; oy =1.5

Cross Section [mb]

187Re(n

187,

,!D) W.

0 M 1

TENDL-2014
FENDL-3.0
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
® Present Data
® 1993 C.Konno+
= 1977 N.l.Molla+
A 1959 R.F.Coleman+|

15.0

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8
Neutron Energy [MeV]
3/2- 23.72h
187 4
7aW
s+ 4.35x1010y
187 A 187
Decay data used for ~ ®’Re(n, p)**'W. 75Re g 760s
Target Abundance | Chemical Reaction T E, \&
nucleus [%)] form product vz [keV] [%0]
479.5 26.6 4
187 187
R . K;ReCl W .
e 62.60 2 ,ReClg 24.000h 4 685.8 330 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

¥’Re(n, 2n)***Re

"*"Re(n,2n)"**Re
—

2200 1 L L L L B
187Re(n, 2n)1869Re 2000 .
1800 —
E, G | #ACigta | ACvet ! k?\
[MeV] | [mb] [%] [%] wor + )
S 1400 | -
14.85 1680 5.86 0.67 £ I
8 1200 b —
Ref. CS is ®Nb(n,2n)*"Nb; ay=15 B o0 - ]
w
@ 800 |- .
2
O 600 | TENDL-2014 -
w | ThE |
200 _ 1 1061 ¢S Knuranas | i
0 1 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
" &
(ﬁ#\vﬂ 2.0x105 y
90.64 h
186 A
o+ Egég/ 7 Re B-
186 -9% 93.1%
7aW
o+
186
Decay data used for ~ '*’Re(n, 2n)***Re. 7608
Target Abundance | Chemical Reaction T E, Y,
nucleus [%] form product vz [keV] [%]
"Re 62.60 2 K,ReClg 1%%9Re 3.7183d 11 137.2 9.47 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

18603(n’ p)1869Re

18608(n1 p)lange

E, (o) +AOtotal | AOvef
[MeV] [mb] [%6] [%0]
14.47 6.69 22.4 1.99
14.82 5.53 27.2 2.00
Ref. CS is ®Nb(n,2n)*"Nb; oy =1.4

Cross Section [mb]

18603(n,p)1869Re
—

TENDL-2014
EAF-2010
—— JEFF-3.2
® Present Data
= 1977 N.l.Molla+

13.2

13.4

13.6 13.8

14.0

14.2 14.4

Neutron Energy [MeV]

14.6 14.8

RS
G) M9 H0x105y
/1186—0\ 90.64 h
9% 93.1%
74W
A
186
Decay data used for ~ **Os(n, p)***Re. 7608
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
1%0s 159 3 Os-metal 1%%9Re 3.7183d 11 137.2 9.47 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

18803(n’ p)188|:2e

18803(n,p)188Re
— T

T T T T T T T T T
188 188
Os(n, p) "Re i
of | o :
—— JENDL-4.0 "
E, | O |0 | #ow || TR
[Mev] | [mb] [%] (%] sEo| L mee 5
13.64 2.89 114 1.43 £ 1
E, i
13.88 3.38 11.2 1.42 S
(8]
14.47 4.76 113 1.41 3 s i
(2] ]
14.68 5.12 11.1 1.42 8 i
S 2 i
14.82 5.61 10.7 1.43
}
Ref. CS is “Nb(n,2n)?"Nb; ¢y =1.6 T iy
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The possible contribution of **°0s(n, np)*®Re + *¥0s(n, d)**®Re is expected to be as small
as <1%.

N
(6) 172.069 18.6 m
L 16.98 h
188
e
188 188 18805
Decay data used for Os(n, p)"Re. 76
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
%0s 13.24 8 Os-metal '®Re 17.0040 h 22 155.0 15.61 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

18903(n, p)189|:2e

18903([’], p)189Re

En o +AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.64 5.62 303 15.8
13.88 6.74 283 15.8
14.47 9.29 258 15.8
14.68 10.1 28.7 15.8
14.82 11.4 283 15.8
Ref. CS is Nb(n,2n)*"Nb; oy =1.6

Cross Section [mb]

18908(n,p)189Re
—

TENDL-2014
EAF-2010
—— JEFF-3.2
—— JENDL-4.0
® Present Data

1977 N.I.Molla+
A 1976 P.Kovacs+

@ 2008 Liangyong Zhao+

0 " 1 " 1

13.0 13.2 13.4

13.6 13.8

14.0

14.2

Neutron Energy [MeV]

14.4 14.6 14.8 15.0

Possible contribution of **°0s(n, np)***Re + *°0s(n, d)***Re reactions is estimated as about
5% which is several times less than experimental uncertainties.

52+ 243 h
189
75R€ po
oi2- < 30,814 58 h
3/2—i 0
189
Decay data used for ~ **°0Os(n, p)**°Re. 7608
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
147.1 1.24 21
216.7 559
%05 16.15 5 Os-metal '%Re 24.3h 4
219.4 45 7
245.1 357
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

19008(!’1 ’ (X,)187W

19008(n,a)187W
1.1 T T T T T T
1goos(n (x)187W T T T T T T T T T
' 1.0 | TENDL-2014
Eﬂ O i‘AGtOtal lLAGref 09 I Ei%@%zgrzmo 7]
Mev) | bl | p | ol |} B, :
1364 | 0523 7.98 1.62 7
13.88 | 0.595 8.38 161 g
1447 | 0.797 6.15 1.60 §
14.68 0.843 6.05 1.61 g
14.82 0.960 6.38 1.62 ©
Ref. CS is Nb(n,2n)*"Nb; oy =1.7
0.0 " 1 " 1 " 1 " 1 1 " 1 " 1 " 1 " 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
3/2- 23.72h
187 4
7aW 5
52t 4.35x1010y
187TRe A, ~187
e _

Decay data used for ~ *°Os(n, a)*®"W. 75 B- 760S
Target Abundance Chemical Reaction T E, Y,
nucleus [%0] form product 12 [keV] [%]

479.5 26.6 4
190 187
Os 26.26 2 Os-metal W 24.000h 4
685.8 332 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

19003(”, p)190m|:2e

19003(n,p)190mRe
T T T T

1goos(n' p)lgomRe 0.8 T T T T T T T T T T
ol -
= G | #ACiota | #ACvef |
[MeV] [mb] [96] [%] 06 | .
1364 | 0240 | 288 12.4 T sl i
g o
13.88 0.282 15.3 12.4 c ]
'.g 04 |- ]
14.47 0.337 13.3 12.4 § I + |
1468 | 0370 | 216 124 g o3F + + .
1482 | 0448 | 164 12.4 S L % i
Ref. CS is “Nb(n,2n)™"Nb; g = 1.7 o1 L i
0.0 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1 i 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
S*
K:
NS 54.4%
(67) 119.12+x L‘F 3.2h
2 0
75 p-
&
N
9.9m (10) 1705.4
0t 0
190
Decay data used for ~ **0s(n, p)***"Re. 7608
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
361.1 121 11
569.3 13.7 11
05 26.26 2 Os-metal H"Re 32h 2
605.1 149 11
673.1 94 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%1 r(n, o) *8Re

191|r(n,a)188Re

1.4
191 188 T T T T T T T T T T
Ir(n’ (x) Re 13 TENDL-2014 T
Eﬂ G i'A GtOtaI lLA Gref 11
[MeV] [mb] [%] [%] 0
13.64 0.562 26.8 1.40 g 0s |
13.88 | 0.423 16.6 1.39 g™l
= 07
1410 | 0.684 206 1.38 S ool
(D A
14.28 0.641 15.6 1.38 % 05
14.47 0.629 31.7 1.39 O 04
03 |- .
14.68 | 0.770 155 1.39 ol ]
14.82 0.986 224 1.40 01 | ]
0.0 [ " 1 " 1 1 " 1 1 1 1 " 1
Ref. CS iS 93Nb(n 2n)92mNb. ad - 16 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.6 14.8 15.0
Neutron Energy [MeV]
Q
6 172069 406 0
— 18
16.98 h
188 A4
o
191 188 1880s
Decay data used for Ir(n, o) *°Re. 76
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
190 3732 Ir-metal %8Re 17.0040 h 22 155.0 15.61 18
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

191| r(n’ p)19loS

191Ir(n, p)lglos

En o +AOtotal | +AOref
[MeV] [mb] [%] (%]
13.64 3.56 183 1.17
13.88 3.62 141 1.16
14.10 3.72 216 1.15
14.28 4.37 126 1.15
14.47 4.38 159 1.15
14.68 4.13 12.0 1.16
14.82 5.31 15.1 1.17
Ref. CS is Nb(n,2n)*"Nb; oy =1.3

Cross Section [mb]

191Ir(n,p)191Os

0 M 1

TENDL-2014
—— ENDF/B-VII.1
EAF-2010
—— ROSFOND-2010]
® Present Data =
® 1977 N..Molla+

13.0 13.2

134

13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

————— 13.10h
15.4 d
191 Os
76 p-
3/2+ 0
191
Decay data used for ~ **!Ir(n, p)**'Os. 771"
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product v [keV] [%6]
Py 373 2 Ir-metal ¥10s 15.4d 1 129.4 26.50 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

191| r(n’ 2n)190m2| r

191 190m2
Ir(n,2n) Ir
191||"(n, 2n)190m2|r 200 T T T T T T T T 1 T T T
180 |- %,LH T |
En o #AOtotal | £AOref I L HLH
[MeV] [mb] [%] (%] r l | 7
13.64 | 116 6.80 111 _r T e 14
Qo IL
13.88 122 6.51 1.09 E 20| s 3 j i :
c
14.10 122 6.45 1.09 2 10 b .
[0
14.28 137 6.46 1.09 D wip i
[%2]
14.47 136 6.51 1.09 S eof i
1468 | 144 6.13 1.10 ol Lo, | ]
14.82 150 6.60 111 ol ¢ tomodicTumuter| |
Ref. CS is 93Nb(n,2n)92mNb; ad — 19 ol 1 1 1 N 1 N 1 N - 1 1 N 1 N 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
oo
94.4% «3
EC /(11)— 1750 5 56
# S Vs 12h
@t 0 ..
W 11.78 d
EC 77
9.9 m o 17054
ot 0
1900g
Decay data used for ~ **!Ir(n, 2n)**™r. 76
Target Abundance | Chemical Reaction T E, Yy
nucleus [%0] form product 12 [keV] [%]
361.2 86.72 21
9y 373 2 Ir-metal 190m2 | p 3.087 h 12 502.5 89.35 20
616.5 90.14 22
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

191| r(n’ 2n)190g+m1| r

191 190g+m1
Ir(n,2n) Ir
191||’(n, 2n)1909+m1|r 2200-! T T T T T T T T T
g T
En o #AOtotal | 2AOvef oo [ [ 3 [ f [ ]
[MeV] [mb] [%] [%] 1800 - < ‘+ < >—l? + + + < 4
[ * < J
1364 | 1726 | s40 | 33 | _"°f . LT .
1388 | 1782 5.52 3.38 E mor ]
g 1200 |- .
14.10 1736 5.37 3.38 z |
$ 1000 _
14.28 1759 5.57 3.38 » L
8 800 |- -
14.47 1764 5.53 3.38 6 600 i —ag;ggu.w
1468 | 1755 5.56 3.38 wl 3 e | ]
1482 | 1738 5.66 3.39 o [ i I
Ref' CS iS 93Nb(n’2n)92mNb; %:14 013.0 . 13.2 134 . 13.6 . 13.8 14.0 . 14.2 14.4 . 14.6 . 14.8 . 15.0
Neutron Energy [MeV]
o
94.4% N
EC (11) 175.0 3925h
(7)* N\ 26.3 12h
/W— Y 0 41754
190 '
Ec 7717
9.9 m {9 N'1705.4
0t 0
190
Decay data used for ~ **!Ir(n, 2n)*°*™r, 7608
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product v [keV] [%]
361.1 13.0 6
371.2 228 7
¥ 37.3 2 Ir-metal 1909 11.78d 10
518.6 34.0 15
569.3 28.5 13
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

Blrn, 2n)*Ir

B r(n, 2n)* 1

Cross Section [mb]

En c +ACiota
[MeV] [mb] [%]
13.64 1835 5.06
13.88 1892 5.17
14.10 1849 5.02
14.28 1893 5.17
14.47 1902 5.14
14.68 1900 5.14
14.82 1876 5.22

Ref. CS is **Nb(n,2n)**"Nb

lr(n,2n)"Ir
—_—

2200 |-

2000 f=

1800 =

1600 =

1400 =

1200 -

1000 =

800 -

600 =

400 |-

200 -

0

o ° o o s 0

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
—— ROSFOND-2010
® Present Data

13.0

13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

The *1r(n, 2n)**Ir cross-section was not measured in the experiment directly. This is the
sum of cross sections “**Ir(n, 2n)***™Ir and ***Ir(n, 2n)***™*9r presented in the previous pages.

9.9 m2L

o\o
©
Q.).
4% <\1 0
E%“LJ7TTEL-325h
Z;\ %g 12h
11.78 d
¥ 190".
EC 77
N 17054
ot 0
190
260S
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

193| r(n’ a)190mRe

Neutron Energy [MeV]

193 190m
Ir(n,a) " Re
193|I’(n, (X)lgOmRe 0.24 T T T T T T T T T T T T T T T T T T
En (0] #AOtotal | FAOref 0.20 |- . gg’;ezr?gata _
MVl | [mb] | el | by
13.64 0.050 60.0 13.0 = 016 - @ i
£
13.88 0.131 46.1 13.0 = ® !
14.10 0.101 50.0 13.0 '§ 012 7
()] L
14.28 0.130 38.4 12.9 2 ®
8 oo0s | i
14.47 0.090 55.5 13.0 o
14.68 0.160 375 13.0 00t E i
14.82 0.181 333 13.0
Ref. CS is ®Nb(n,2n)*"Nb; az=1.3 S0 Tz 184 e 1B 40 w2 a4 1o 1B 180

Gamma transitions with energies coinciding with those of the **Ir(n,2n)***Ir reaction
(T12=3.087 h) were excluded.

¢*
Sl 54.4%
(6) 119124x B 4,y
o P
90 '
9.9 m{o- 61705.4
o+ 0
Decay data used for ~ **Ir(n, a)*"Re. R0s
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
119.1 11.1 11
193 190m
Ir 62.7 2 Ir-metal Re 32h 2
673.1 94 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

193| r(n’ p)193c)S

193|r(n,p)19308

193 193 5.6 [ T T T T T T T T T T T T T
Ir(n' p) OS 52 TENDL-2014 T
En G | #40iotal | #AOref ol | meme
[MeV] [mb] [%] [%] #1959 RF.Coleman+|
13.88 1.43 18.2 17.9 g
14.28 2.10 11.9 11.4 <
1447 | 244 123 118 §
14.68 2.90 15.9 155 g
14.82 3.54 226 22.4 ©
Ref. CS is Nb(n,2n)*"Nb; oy =1.3 _
04 |- _
0.0 [ " 1 1 " 1 " 1 " 1 1 " 1 " 1 1
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
32~ 305h
193
&
11/2-\" 80.22
10.53 d
3/2% i 0
193
Decay data used for ~ **Ir(n, p)'*0s. 77Ir
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
321.6 1.251 18
193 193
Ir 62.7 2 Ir-metal Os 30.11h 1
460.5 3.88 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

193| r(n’ 2n)1929+m1| r

193 192g+m1
Ir(n,2n) Ir
193|r(n, 2n)1929+m1|r oo [ ; —,——— -
- I T T T T ]
wl & 44 8Ll pa
En o #AOtotal | *AOref v i I LW T 4 4
[MeV] [mb] [%] [%] 1800 |- \ .
13.64 2012 4.85 0.674 = 1600 1= 1
13.88 | 2075 4.60 0.647 E mor ]
_S 1200 |- _
14.10 1996 4.63 0.634 g [
$ 1000 } _
14.28 2040 451 0.631 s
8 800 I TENDL-2014 7]
14.47 2034 4.56 0.636 IS} s00 |- — EnoF-vi ]
1468 | 2032 4.67 0.650 wl Do |
14.82 2036 453 0.670 200 L & om0 s Tempars| ]
Ref. CS is 93Nb(n,2n)92m|\|b; oy=12 o13.0 B2 184 136 138 140 142 144 148 148 150
Neutron Energy [MeV]
&
(9) \v 155.16 241)’
o\o
&
< 0.018%
1) \'56.74 B_ 1.45m
20 Y 04 738314
K 192| a
EC 77/ p-
o+ o 476% 95.24%
eOs
192
Decay data used for  **Ir(n, 2n)*%* ™ |r, 7Pt
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
316.5 82.86 3
193 192
Ir 62.7 2 Ir-metal 9r 73.829d 11
468.1 47.84 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

92pt(n, 2n)*'Pt

pt(n,2n)"*'Pt
192 191 e ,
Pt(n, 2n)~"Pt 2200 . .
En (¢} #AOiotal | ZAOvet 2000 [
[MeV] [mb] [%] [%] 1800
13.48 1919 14.6 7.66 = 1600
13.64 | 1899 138 7.66 E weor ]
8 1200 - -
13.88 1909 13.7 7.65 B I |
$ 1000 } _
14.10 1882 13.9 7.65 s -
8 800 |- .
14.28 1897 14.8 7.65 IS} s00 |- TENDL30 ]
14.47 1964 132 7.65 o L —rosronnaro | ]
14.64 2005 13.0 7.66 200 | S Wsmaam | ]
14.82 2045 14.3 7.66 0 [ R R T T T T S TR SR T
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Ref. CS is ®Nb(n,2n)**"Nb; ay=1.5 Neutron Energy [MeV]
3/2- 29d
» 191
11/2- 171,28 4945
3/2+ 0
191
Decay data used for ~ **Pt(n, 2n)***pt. 77r
Target Abundance | Chemical Reaction T E, \&
nucleus [%0] form product 12 [keV] [%]
129.4 3.3 3
192 191 359.9 6.4 5
Pt 0.782 7 Pt-metal Pt 2.83d 2
409.4 8.8 7
538.9 15.9 12
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

1%pt(n, o)L Os

194Pt(n, a)lglos

En o #AOtotal | *AOref
[MeV] [mb] [%] [%%]
14.68 1.15 305 0.94
Ref. CS is Nb(n,2n)*"Nb; oy =1.1

Cross Section [mb]

194Pt(n,0€)1g1
T T T

Os

12F |2

TENDL-2014
FENDL-3.0
EAF-2010
—— JEFF-3.2
—— ROSFOND-2010
® Pre

F-3

sent Data
1959 R.F.Coleman+|

0.0 M 1

130 132

13.4

13.6 13.8 14.0

14.2 14.4

Neutron Energy [MeV]

14.6 14.8

Poor statistics of the gamma peak located in the region of high background counts is the
main reason for the large cross section uncertainty.

3/2- 6

74.38
? 13.10 h
ﬁgﬁm . 54d 11247128
——— 4,94 3
760S p- v
32+ 0
oy
Decay data used for ~ ***Pt(n, o)***Os.
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
pt 32.97 10 Pt-metal ¥10s 15.4d 1 129.4 26.50 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

194Pt(n, p)194m2| r

0.20

T T T T T T T T T T T T T T T T T
194Pt(n p)194m2|r
Ex 9 #AOtotal | #AOrvef T l
[MeV] [mb] [%] (%]
)
13.88 0.059 25.4 9.14 E o2t i
c
14.05 0.046 28.3 9.14 %
O
14.82 0.104 243 9.14 0
2]
[e)
Ref. CS is ®Nb(n,2n)*"Nb; ¢y =1.01 o

0.00 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The reaction product is the nuclide of a high spin state (10%). The main reason of the large
uncertainty is the poor statistics of gamma peaks. The discharging gammas are in a cascade. Cross sections
were corrected for gamma summing.

(10,11) 190 B
< 171d
128 1T 3185ms
-
L7 P— 19.15h
77 -
-
194 194m2 194Pt

Decay data used for Pt(n, p) Ir. 78

Target Abundance | Chemical Reaction T E, Y,
nucleus [%)] form product vz [keV] [%0]
328.5 93 7
482.6 97 7

pt 32.97 10 Pt-metal 1A 171d 11

600.5 62 4
687.8 59 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

194Pt(n, p)194g+m1| r

194Pt(n, p)194g+m1|r

En () #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
13.47 2.09 21.0 12.0
13.88 2.84 15.9 12.0
14.05 3.32 15.1 12.0
14.28 3.69 16.3 12.0
14.47 4.11 14.1 12.0
14.68 4.46 135 12.0
14.82 458 15.4 12.0
Ref. CS is Nb(n,2n)*"Nb; ¢y =1.4

Cross Section [mb]

TENDL-2014
EAF-2010
—— ROSFOND-2010
® Present Data
= 2005 Luo Jun-Hua+
1977 N.I.Molla+
A 1972 A KHankla+

1959 R.F.Coleman+|

13.0 13.2

13.4 13.6 13.8

Neutron Energy [MeV]

14.0 14.2

14.4 14.6 14.8

15.0

(10,11) 190

(456) 112

B-1714

31.85 ms

ot
194
Decay data used for  **Pt(n, p)***¢"™r. gPt
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
293.5 253
pt 32.97 10 Pt-metal 49y 19.28 h 13 328.4 13.1 17
645.1 1.18 16
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

194Pt(n, p)l94| r

194Pt(n,p)194|r
T T T

194 194
Pt(n’ p) Ir 5 TENDL-2014 =
FENDL-3.0
| s
En c +AOtotal —sorooan
[MeV] [mb] [%] )
13.88 2.88 15.2 £
14.05 3.35 134 8’
(&)
14.82 4.65 12.8 3
3
<)
(@]

Ref. CS is **Nb(n,2n)*"Nb

0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The present data for 194Pt(n, p)194lr cross section were obtained by summing the experimental data
measured separately for ***Pt(n, p)****"™Ir and ***Pt(n, p)***™Ir. This was done for extending the
comparative base because a limited number of evaluations exist in which the cross sections are split for
ground and metastable states. Most evaluations contain the data for the total reaction cross-sections only.

(1011) 190 P47 4
< u
456) 112
e
194|I’ A
77 -
o
194
7gPt
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

195Pt(n, p)195m Ir

195Pt(n, p)195m|r

En o +AOtotal | 2AOref
[MeV] [mb] [%] [%%]
13.88 0.80 16.2 155
14.28 1.00 23.0 155
14.47 1.30 17.7 155
14.68 1.40 243 155
14.82 1.46 15.7 155
Ref. CS is Nb(n,2n)*™Nb; ¢ =2.0

The data were not corrected for possible contribution of **°Pt(n, np)*™Ir + 1*pt(n, d)

Cross Section [mb]

195Pt(n,p)195m|r
T T T

TENDL-2014

v 1977 N..Molla+

0.8 |-

06 |-

0.4 |-

02 -

0.0 " 1 " 1

13.0 13.2

13.4

13.6 13.8

14.0

14.2 14.4 14.6 14.8

Neutron Energy [MeV]

According to EAF-2010 evaluation, this contribution can be neglected.

15.0

<SS 95%
122 S 7100 B- 4g
312+ 0 '
25h
195|r 4
LA .
1312+ 25030 4 15 4
1/2- 0
195
Decay data used for ~ **Pt(n, p)***™Ir. 78Pt
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
319.9 9.8 16
364.9 9.7 15
19°pt 33.83 1 Pt-metal 195m) 3.67h 8
432.9 9.8 15
684.9 9.8 16

250



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

%%pt(n, o)*°0Os

196Pt(n, OL)193OS
En () #ACtotal | 2AO0ref
[MeV] [mb] [%] (%]
13.88 0.43 55.8 1.69
14.05 0.44 52.3 1.69
14.28 0.62 53.2 1.70
14.47 0.53 434 1.70
14.68 0.80 50.0 1.70
14.82 0.82 195 1.70
Ref. CS is Nb(n,2n)*™Nb; oy =1.3

Cross Section [mb]

1.0

196Pt(n,oc)19305
——

09 | TENDL-2014

—— JEFF-3.2
—— ROSFOND-2010
® Present Data
m 1959 R.F.Coleman+

0.8 |-

0.7 |-

06 |-

0.5 |-

04 |

03 |-

02 |-

0.1

0.0 M 1 M 1

130 132 134

13.6

13.8

14.0 14.2 14.4

Neutron Energy [MeV]

14.6

14.8

The large uncertainty of relevant gamma peak in the spectra propagates in the total cross
section uncertainty.

32__305h
193 RY
7608 p-
K
11/2-\" 80.22 1053 d
3/2+ 0
193
Decay data used for ~ **Pt(n, a)**0s. 77ir
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
*%pt 25.24 4 Pt-metal *°0s 30.11h 1 460.5 3.88 5
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

196Pt(n, p)196m I r

196Pt(n,p)196mlr
T T T

A

130

Two Figures are given to show the noticeable
difference between our data and the data of three other
experimental groups. The upper Figure presents all the data,
the lower one gives the Figure fragment zoomed in.

When analyzing possible reasons for the
significant difference in the data, the following
circumstances were revealed:

1. In other experiments, the y-peak with energy
356 keV was used for cross section determination. Our
y-countings have indicated that this peak consists of
three close y-lines, two of which are not related to the
reaction studied. In our work, y-peak with energy 355.9
keV was not used for cross section determination

196 196m J J
Pt(n, p) Ir LL
En o +AOiotal | *AOvef
[MeV] [mb] [%] [%] r
13.47 0.013 26.5 3.57 g os L
13.88 0.017 225 3.57 5 FENM
1428 | 0.026 20.8 3.58 § 06 | |7s Pambua
14.47 0.031 15.4 3.58 g o ToTRhKHaner
14.68 0.037 10.7 3.58 o
14.82 0.045 10.7 3.58
Ref. CS is Nb(n,2n)*"Nb; oy =2.0 i
0.0 H il
13.2

13.4

13.6 13.8

14.0 14.2 14.4

14.6

Neutron Energy [MeV]

196 196m

Pt(n,p) " Ir

14.8 15.0

004 |

o
o
3
T

Cross Section [mb]
T

o
o
T

0.00 L

+

TENDL-2014
EAF-2010
® Present Data

13.0 13.2

13.4 13.6 13.8 14.0 14.2 14.4

Neutron Energy [MeV]

14.6 14.8

~100%

3. Four other y-lines were used for cross section E;Dﬂ’—“;ff 1.40 h
determination in our work (see Table below). Cross sections ETT 52s
obtained for any of these four y-lines agree within errors. 77 -

4. The recommended spin value of the metastable state
19%mr js high (10, 11°). The isomeric ratio for the **®Pt(n, p)**®Ir
is expected to be low, about 0.01 [ref.24, p.23]. Our data agree
well with the expected value.

O+
196
Decay data used for ~ *°Pt(n, p)***™Ir. 78t

Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [2%6]
393.5 97 4

447.1 94 4

°pt 25.24 4 Pt-metal 19omy 1.40h 2

5214 9% 3

647.3 91 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

196Pt(n, p)1969 I r

196Pt(n1 p)lgsg“,

En o #AOtotal | *AOref
[MeV] [mb] [%] [%%]
14.77 1.40 42.8 223

Ref.CS is Z’Al(n, 0)*Na; g =2.0

Cross Section [mb]

20 ————

196Pt(n’p)1969|r
— .

TENDL-2014

FENDL-3.0

EAF-2010
—— JEFF-3.2

® Present Data
= 1966 H.Vonach+

0.8

0.6

0.4 E

02 -

0.0 " 1 " 1

|
|

13.0 13.2

13.4

13.6

14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

Only one experimental result obtained fifty years ago was presented in EXFOR-file for the
Ypt(n, p)™*Ir cross section. The aim of our experiment was to supplement the measurement
results for the *°°Pt(n, p)***™Ir reaction discussed above. The value agrees within errors with the
EXFOR data and with the available evaluations. Also, the isomeric ratio determined in our
measurements agrees with the branching ratio systematics [ref.24, p.23].

~100%

(1011) 410 B 4 40h
(07 0 )
2
196, & -°
77 p-
«
196
Decay data used for  **°Pt(n, p)***Ir. 7gPt
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
332.9 399
355.7 18 4
19pt 25.24 4 Pt-metal 1900 525 1
446.8 399
779.6 10.9 25
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

196Pt(n, p)l96| r

196Pt(n,p)196|r
T T T

2.0 —— ——

196 196 i
Pt(n; p) Ir 18 |- TENDL-2014 T
=
En G +AGiotal o i
[MeV] [mb] [%] ]
14.77 1.44 41.6 .

Ref. CS are ?’Al(n, a))**Na and
%Nb(n,2n)*™Nb

Cross Section [mb]

04 | .

02 - -

0.0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The present experimental data for ***Pt(n, p)**Ir cross section is the sum of **®Pt(n, p)***™Ir and
18pt(n, p)*°™Ir cross-sections measured separately.

The agreement of the sum experimental data with a more number of available evaluations can be
considered as a strengthened evidence for the correctness of our results obtained for the 196Pt(n, p)l%mlr
cross section where the prominent discrepancy with the results reported by other authors was
revealed (see above).

(10,119 41o~1|%0%
LN ~ 1.40h
(0) 0« 554

R\

196

0t
196
2gPt
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

197AU(n, a)194m2| r

197, (n (x)194m2|r

En (o) #AOtotal | 2AO0vef
[MeV] [mb] [%] [%]
13.64 0.004 50.0 9.17
14.28 0.013 23.0 9.18
14.82 0.020 35.0 9.18

.. 93 92m . —
Ref. CS is “°Nb(n,2n)*"Nb; ¢4 = 1.002

Cross Section [mb]

197Au(n,a)194m2|r

T
0.028 -

0.024 = hd

TENDL-2014
EAF-2010

—— ROSFOND-2010

Present Data

0.020 -

0.016 =

0.012 =

0.008 =

0.004

0.000 —

?

13.0 13.

2 13.4

13.6

13.8
Neutron Energy [MeV]

14.0

14.2

14.4

14.6 14.8

15.0

The studied reaction leads to population of a high spin state. The cross section is small and
the main part of uncertainty is related to the poor peak statistics in the measured gamma spectra.

(10,11)

<
(456) 112

190

B-1714d

31.85ms

0+

194
Decay data used for  **"Au(n, o) **™Ir. ght

Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
328.5 93 7

482.6 97 7

AU 100 Au-metal 1A 171d 11

600.5 62 4

687.8 59 4
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

197AU(n, a)194g+m1| r

197Au(n, OL)194g+m1|r

En o #AOtotal | #AOref
[MeV] [mb] [%] [%]
13.64 0.22 272 12.1
13.88 0.28 285 12.1
14.28 0.36 2758 12.1
14.47 0.65 30.7 12.1
14.68 0.38 28.9 121
14.82 0.54 2758 121
Ref. CS is ®Nb(n,2n)*"Nb; ¢y =1.4

Cross Section [mb]

0.8

197Au(n,a)1g4g|r
—T—

TENDL-2014
EAF-2010
—— ROSFOND-2010
® Present Data
@ 1994V.K.Maidanyuk+
0.6 v 1959 R.F.Coleman+

0.7 |-

0.0 M 1 M 1

13.0 13.2 13.4

13.6 13.8

14.0 14.2

Neutron Energy [MeV]

14.6 14.8 15.0

It should be noted that the first metastable state of **Ir with excitation energy 112 keV and
half-life 31.85 ms was earlier omitted sometimes. This invoked the change of notation. So, the old
194mr state can correspond to the present ***™ir state and the **’Au(n, o))***°Ir cross-section in the
old notation can be the **'Au(n, o)***9*™Ir cross-section in the new notation. One must keep the
attention to the possible variations of the used notations.

(10,11) 190
&

<
(456) 112

B-1714

31.85ms

O+

Decay data used for  *’Au(n, o0)***¢* ™. 19%Pt
Target Abundance | Chemical Reaction T E, Y,
nucleus [%6] form product vz [keV] [%0]
293.5 25 3
AU 100 Au-metal 49y 19.28 h 13 328.4 13.1 17
645.1 1.18 16
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

97 Au(n, o) %Ir

En c +AOiotal
[MeV] [mb] [%]
13.64 0.22 26.8
14.28 0.37 26.8
14.82 0.56 26.8

Ref. CS is **Nb(n,2n)*"Nb

Cross Section [mb]

0.7

9TAU(N, o) Ir

197Au(n,a)194lr

0.6 |-

0.5 -

0.4 |-

03 -

02 |-

0.0

TENDL-2014
EAF-2010
—— JENDL-4.0
—— CENDL-3.1
—— ROSFOND-2010
® Present Data

1961 B.P.Bayhurst+

13.0

13.2 13.4

13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

The ¥ Au(n, o)*®Ir cross section presented on this page is the sum of the
Yau(n, o)™ r and ' Au(n, o)***™Ir cross sections measured separately (see above). This
provides the comparison with a more number of evaluations. The present experimental data agree
with most available evaluations within errors.
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

197Au (n ’ p)197m Pt

197Au(n, p)197mpt

En o +AOtotal | +AOref
[MeV] [mb] [%] [%%]
13.88 1.04 6.63 2.92
14.28 1.23 7.22 2.92
14.47 1.26 6.23 2.92
14.82 1.63 6.01 2.93
Ref. CS is Nb(n,2n)*"Nb; oy =2.0

Cross Section [mb]

18 ——

197Au(n,p)197mPt
T T T T

16 b= TENDL-2014
: EAF-2010
® Present Data

1994 V. K .Maidanyuk+

0.8 |-

06 |-

04 |-

02 |-

0.0 " 1

13.0 13.2 13.4 13.6 13.8 14.0 14.2

Neutron Energy [MeV]

14.4 14.6 14.8 15.0

Two gamma lines are given in the Table of the decay data used. The first gamma line marked out by
bold font had the determining influence on the total and reference uncertainty. The second one that has the
energy 279 keV was used for increasing the result reliability.

o\e
A
<\°-’Q’ 3.3%
13/2+ * 399.59 [37 9541 m
1/2- 0
18.3 h N
197 11/2- " 409.15
7Pt g 7.73s
3/2t 0
197
Decay data used for  **’Au(n, p)**"™Pt. 79AU
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
107 1o7m 346.5 11.1 3
Au 100 Au-metal Pt 9541 m 18 579.0 54 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

197Au (n ’ p)197 Pt

197 197

Au(n,p) Pt
197Au(n p)197Pt 5 T T T T T T T T T T T T T T T T T
En c #AOiotal | #AOref ob | e | i
[MeV] | [mb] [%] [%] ST
13.64 2.54 15.8 10.8 =
€ 3
13.88 2.95 204 10.8 p
i)
14.28 3.45 17.4 10.8 E]
(0]
1447 | 394 203 10.9 @ °
o
14.68 3.85 18.1 10.8 o
14.82 4.28 18.8 10.8 1
Ref. CS is Nb(n,2n)*"Nb; ¢y =1.4
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The *’Au(n, p)**’Pt cross section was measured after the total discharge of the metastable
excitation state *°’™Pt. In this process, 96.7% of the **"™Pt have populated the *’Pt ground state via
isomeric transitions but other 3.3% of the **'™Pt have decayed to the *’Au levels directly. The
gammas listed in the Table below correspond to decay of the *’Pt ground state exclusively. When
we used them, then the cross sections of [*’Au(n, p)**"%Pt+0.967* Au(n, p)**'™Pt] were
determined. To obtain the *’Au(n, p)**'Pt cross section, the data were added by the 0.033
Y Au(n, p)*"™Pt cross section measured earlier (see the previous page).

o\o

A

J

K2 3.3%
13/2+ 39950

W 5 9541 m
18.3h 19;Pt B\ 11/2*6409.15
7 —

Y 7.73s
3/2% 0
Decay data used for ~ *’Au(n, p)¥'Pt. 1%Au
Target Abundance | Chemical Reaction Tua E, \&
nucleus [%%0] form product [keV] [%0]
AU 100 Au-metal 1979pt 19.8915h 19 ;2;; 03?'273 43
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

197AU(n, 2n)196m2Au

197 196m2
Au(n,2n Au
197 Au(n, 2n)1%0mAy 200 . . . I( 2n) | .% .% é
180 = ’7# -
En (o) #AOtotal | AO0ref ]
Mev] | [mb] | [%] [%] er ; ; 1 | ] ’
[ i |
140 |- T - u
13.48 116 5.05 3.44 — o [ ¢ 1@ b Tl
2wl T o, NN T
13.66 119 4.82 3.44 = o & % ST
< L L
13.88 123 4.85 3.43 2 o ' .
)
1406 131 4.70 3.43 2 80 |- Eigz&zgm -
[%2] ® Present Data
14.28 133 4.60 3.43 S wf 3 ERl |
14.47 137 4.47 3.43 ol 7 s | ]
14.68 145 4.62 3.43 WL Dt |
14.83 143 459 3.43
0 1 1 1 1 1 1 1 1 1
Ref. CS iS 93Nb(n,2n)92mNb; ad — 20 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0
Neutron Energy [MeV]
12- 6595.66 97h
5+ QT ga66 81s
2 0
6.183d =% TN
95%30/ 79 -
% 75% 196
soHg
o
196
Decay data used for '’ Au(n, 2n)***™Au. 78Pt
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product v [keV] [%6]
147.8 435 15
188.3 30.0 15
AU 100 Au-metal 19m2AY 9.6h 1
285.5 44 5
316.2 3.0 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

BTAu(n, 2n)*°Au

Y7 Au(n, 2n)*°Au

En 9 #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
13.48 2242 4.30 3.28
13.66 2184 4.25 3.27
13.88 2183 4.30 3.27
14.06 2252 477 3.27
14.28 2173 4.08 3.27
14.47 2213 4.24 3.27
14.68 2243 4.16 3.27
14.83 2220 4.25 3.27
Ref. CS is *Nb(n,2n)*"Nb; ¢y =1.05

Cross Section [mb]

2400

T T T T T T
2300 | T T
2200 ; !

- i Al <]
2100 h *J J J JT \ -
2000 1‘ -
1900 -
1800 - -

L TENDL-2014

IRDFF v.1.05
1700 - —ENDFII‘B/-\/IIJ .

- EAF-2010
1600 |- —Cenoia 7

L ® Present Data
1500 = = 2011 Chuanxin Zhu+ |

1990 I.Kimura+

[ 4 1989 Lu Hanlin+
1400 |- 1989 Wang Xiuyuan+| -

L © 1987 LR.Greenwood

< 1984 | Garlea+
1300 - 4 1984 Y.lkeda+ 1

- * 1982 J.Csikai

L % 1981 T.B.Ryves+ a
1200 o 1078 PAndersson+

- 1968 W.Dilg+
1100 - -
1000 PR TR TR SR SR SR SR | IR |

13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The cross-section data presented in the Table above are the weighted average of [1] and [3]
corresponding data. The results were also corrected for the new reference data.

<
12- 595.66 9.7h
5+ 6 84.66 81s
6.183d 2V 2
196Au 4
G e
soHg
0+
196
Decay data used for  **’Au(n, 2n)*®Au. 78Pt

Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%0]
333.0 229 9

AU 100 Au-metal %Au 6.1669 d 6 355.7 87 3
426.1 6.6 3
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

25T1(n, a)*Au

25TI(n, a)®®Au

En () #ACtotal | 2AO0ref
[MeV] [mb] [%] (%]
13.58 0.14 64.3 5.16
14.23 0.13 69.2 5.15
14.50 0.20 75.0 5.16
14.72 0.48 64.6 5.16
14.80 0.33 24.2 5.16
14.88 0.55 92.6 5.16
Ref.CS is Z’Al(n, 0)*Na; az=15

Cross Section [mb]

1.0

Au

09 |- TENDL-2014
EAF-2010

—— JEFF-3.2

—— ROSFOND-2010

® Present

0.8 |-

4 1960 A.Poularikas+

ata
= 1997 A.D.Majdeddin+

0.7 |-

06 |-

0.5 |-

04 |

0.3

0.2

0.1 |-

0.0 M 1 M 1

:

205T|(n,0€)202
T T T

130 132 134

13.6

13.8

14.0

14.2 14.4

Neutron Energy [MeV]

14.6

14.8

The data accuracy is limited by a very weak gamma peak statistics which is the result of the
small cross section, the low gamma intensity and the short half-life. An additional problem was
impossibility to use irradiated samples repeatedly because of high background of the comé)eting

reaction %*TI(n, 2n)? T that produce gamma rays of the same energy. The half life of 2%Tl is
12.23 d.
(1) 288s
2025, A
79Au ’3_
o
205 202 202
Decay data used for TI(n, o) Au. goMnyg
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
439.5 9.2 5
2057 70.48 1 Tl-metal 2ZAy 284 12 1125.3 212 7
1306.4 2.07 6
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

205T|(n, p)205Hg

205T|(n,p)205Hg
T T T T T

4.0 T T T T T
205T|(n, p)205Hg T T T T T T T
36 AP0 T 7
E, G | #ACiota | #AOkef sol |t ]
[M eV] [m b] [%] [%] 1953 EBPadts ? ]
28 |- .
13.58 0.87 91.9 455 =
E 24 i
14.23 1.60 81.2 455 c 1
g 20 - ]
14.50 1.90 89.5 455
&b 16 | ® T//_
14.72 1.30 61.5 455 & | ]
° L 9 i
1484 | 322 56.2 455 & / _
0.8 | _
Ref.CS is Z’Al(n, 0)*Na; oz =1.3 i 1
0.0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

13.0 13.2 13.4 13.6 13.8

Neutron Energy [MeV]

14.0 14.2 14.4 14.6 14.8

A large uncertainty in the reference y-ray intensity and very weak peak statistics in the

counted spectra are causes of high uncertainties in the measured cross section values.

1/2+
205
Decay data used for  2®TI(n, p)*®*Hg. g11!
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
2057 70.48 1 Tl-metal 25Hg 5.14m 9 203.7 2.2 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

2%pp(n, 2n)**Pb

204 203
Pb(n,2n)**Pb
204ph(n, 2n)*%Pb ———— T
2300 T R | .
[ _ LT
=h (0} ZAOtotal | *AOref 20 T 1 N
[MeV] [mb] [%] [%] 2100 — “ -
2000 h ¢ ]
1348 | 2045 7.83 777 | L]
O 1900 l .
1367 | 2191 7.8 7.76 E o0 ]
8 1700.
13.88 2172 7.78 7.76 3 - ]
& 1600 | =iy -
14.06 2143 8.43 7.76 p - s
8 1500 _- —— CENDL-3.1 T
1428 | 2205 7.92 7.76 S 1 | 5 mVemon |
14.50 2161 7.98 7.76 1300 = P B
1200 | T v | 4
14.72 2220 8.51 7.76 - + tmwome
1100 - .
14.88 2207 8.29 7.77 tooo b
13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.1
Ref. CS is “Nb(n,2n)?"Nb; ¢y =1.2 Neutron Energy [MeV]

Although the cross-section is convenient for measurement, the experimental results are
scattered significantly. Perhaps, this is caused by the remarkable uncertainty of **Pb abundance in
the natural mixture. Anyway, the abundance uncertainty is a major contributor to the total
uncertainty in our experiment.

{
048 s 29/2- 2949.47
' \J
13/2+ (‘ 825.206 3s
51873h 22 0
203
Ec “g2Pb
1/2*
203T|
Decay data used for  2**Pb(n, 2n)**Pb. 81
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [%0]
o s 279.2 80.9 19
Pb 141 Pb-metal Pb 5192h 3 2013 335 10
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A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

206Pb(n, a)203Hg

2°6Pb(n, 0L)ZOBHg

En () #ACtotal | 2AO0ref
[MeV] [mb] [%] (%]
13.48 | 0.283 9.46 0.76
1367 | 0.348 9.46 0.73
13.88 | 0.403 9.67 0.69
14.06 | 0.408 7.77 0.69
1428 | 0523 7.35 0.69
1450 | 0.615 7.68 0.71
1472 | 0.653 6.77 0.72
14.88 | 0.739 7.97 0.77
Ref. CS is ®*Nb(n,2n)*"Nb; oy = 1.04

Cross Section [mb]

0.8

206Pb(n,0.)203Hg
T T T T

0.7 |-

0.5 |-
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0.2

0.1 |

0.0 M 1

TENDL-2014
—— ENDF/B-VIL1
EAF-2010
—— JENDL-4.0
® Present Data
= 2002 S.V.Begun+
1993 A Grallert+
¥ 1972 G.N.Maslov+

130 132

13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

There are rather comfortable conditions for this cross-section measurement. The problem
may arise from the intersection with the reaction **Pb(n, 2n)°®*Pb which has a much higher cross-
section, a coinciding gamma radiation but a shorter half-live. To provide the result reliability, the
cooling time should be not less than 20 d. The main contribution to the data uncertainty is related to
the weak gamma peak statistics.

N
0.48 82912’ 2949.47
v
13t 82520 ¢ o
1873h 220
m_sspa 4 20pD
4
goH9 p-
1/2+
203T|
Decay data used for ~ 2*°Pb(n, o0)**Hg. 81
Target Abundance | Chemical Reaction T E, Yy
nucleus [%] form product vz [keV] [%0]
205pp 241 1 Pb-metal 2Hg 46.594d 12 279.2 81.56 5
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ZOQBi(n’ a)ZOGmTI

ZOQBi(n, OL)ZOGmT|
En () #ACtotal | 2AO0ref
[MeV] [mb] [%] (%]
13.48 | 0.0076 14.4 4.18
13.95 | 0.0058 224 417
14.23 | 0.0117 19.6 417
1471 | 0.0140 171 417
14.82 | 0.0170 14.2 4.18
14.88 | 0.0172 235 4.18
Ref.CS is Z’Al(n, 0)*Na; oz =1.3

Cross Section [mb]

2ogBi(n,

Uv)206m-|-|

0.020 - EAF-2010

® Present Data
= 2002 S.V.Begun+
4 1978 P.Bornemisza-Paus

0.016 =

0.012 |-

0.008 =

0.004 =

+

0.000 1
13.0

13.2

134

13.6

13.8

14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

A very small cross section was measured. A possible contamination with 2®Pb that could
generate a 2°°Pb(n, p)**°™TI reaction and disturb the data was found to be neglected for the bismuth
sampes used. The weak gamma peak statistics is the main contributor to the experimental
uncertainties. The gammas are cascading and corrections for gamma summing are necessary.

Only two evaluations were found for the 2°°Bi(n, o))*®™TI cross-section. EAF-2010 agrees
satisfactory with the experimental data. TENDL-2014 evaluation is tens times higher (is not shown
in the Figure). Note that the spin of the ?®™TI is recommended as high as (12). If so then the
isomeric ratio would be expected of order of 0.01. The corresponding value is approximately 0.012

in EAF-2010.
N
(12) 264311 5 54
0- 0
81 p-
A
206
Decay data used for  2®Bi(n, o)™ TI. g2P b
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product vz [keV] [2%6]
216.4 74 3
453.3 93 5
2B 100 Bi,0; 200 3.74m 3
457.2 22 3
686.5 91 5
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29Bi(n, 2n)2*8Bi

2Bij(n, 2n)*®Bi

En o #AOtotal | *AOref
[MeV] [mb] [%] [%%]
14.74 2293 16.2 1.47

Ref. CS is ®Nb(n,2n)*"Nb; ¢y = 1.001

Cross Section [mb]

2600

*%Bj(n,2n)***Bi
— :

2400 =

2200 |=

2000 f=

1800 =

1600 =

1400 -

1200 =

1000

—4

TENDL-2014

—— ENDF/B-VIL1
EAF-2010

—— JEFF-32

—— JENDL4.0

—— CENDL-3.1

—— ROSFOND-2010

Present Data

1996 Y.lkeda+

1995 Kong Xiangzhong+

1992 A Takahashi+

1992 Shen Guanren+

1982 V.M. Amijo+

1980 J.Frehaut+

1977 LR Veeser+

ceecpuaAe

13.0 13.2

13.4 13.6 13.8

Neutron Energy [MeV]

14.0 14.2

14.4

14.6 14.8

15.0

The main problems of the present measurement are the extremely long half-life of the 2*Bi
and overlapping its radiation with the very power background y-line 2614.5 keV.

The experimental result is inside the comparatively narrow band formed by many

evaluations.

3.68x105y & g
¥ 208R:
EC 33B|

0+
208
Decay data used for  2®Bi(n, 2n)*®Bi. 82PP
Target Abundance | Chemical Reaction T E, \&
nucleus [%] form product v [keV] [%]
29B;j 100 Bi,O5 208 3.6810°y 4 2614.5 99.785 2
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2Bij(n, 3n)*'Bi

209Bj(n, 3n)*'Bi

En o #AOtotal | *AOref
[MeV] [mb] [%] [%%]
14.78 0.55 9.01 0.77

Ref. CS is ®Nb(n,2n)*"Nb; ¢y = 1.001

Cross Section [mb]

TENDL-2014
IRDFF v.1.05
—— ENDF/B-VII.1
EAF-2010
—— JEFF-3.2
—— JENDL-4.0
—— CENDL-3.1
—— ROSFOND-2010
® Present Data

= 2002 Gongping Li+
1978 P.Bomemisza-Paus

14.4

14.6

Neutron Energy [MeV]

15.0

It is a rare situation for the neutron energy region covered in the present work when the
(n, 3n) reaction can be excited.

& g2 3155y
1312+1633.368 () oo o )E/C 2g§Bi
1/2- 0
. . 207
Decay data used for  2®Bi(n, 3n)*'Bi. s2PP

Target Abundance | Chemical Reaction T E, Y,

nucleus [%)] form product vz [keV] [2%6]
209 ; - 207> - 5697 97.75 3
Bi 100 Bi,O4 Bi 3155y 4 1063.7 745 3
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22Th(n, 2n)*'Th

22Th(n, 2n)®'Th

En () #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
13.48 1921 7.22 5.54
13.67 1799 6.91 5.54
13.88 1727 7.52 5.53
14.06 1521 711 5.53
14.28 1444 6.90 553
14.46 1308 7.01 553
14.67 1281 6.83 5.54
14.83 1150 7.22 5.54
Ref. CS is ®Nb(n,2n)*"Nb; «ay=1.4

2200 =

2000

1800 f= -1
—

1600 |- ) -
€ 1400 - < -
—
= L
S 1200 | -
=
2 o0 | :

1000 - TENDL-2014
n | |—enDFB-VILY
[] EAF-2010
0 800 | |—JEFF32 -
o —— JENDL-4.0
5] I |—cenoLa1

600 |- | ® Presentpata 4

= 2011 | AReyhancan|
<1993 C.Konno+
4 1992 H.Chatani+
400 - 1900 P Racs: -
|| & 1979 HKarius+
© 1961 J.P.Butler+
200 |- | o 1960 HATewes+ .
0 PR PR | [P | 1 [ | [ |
13.0 13.2 134 13.6 13.8 14.0 14.2 14.4 14.6 14.8

Neutron Energy [MeV]

15.0

The main difficulty of the present experiment is high background and very high self

absorption.
sz 25.52h
Rt >
32~ 32760 v
232 231 231Pa .
Decay data used for Th(n, 2n)~"Th. o
Target Abundance | Chemical Reaction T E, Yy
nucleus [%)] form product vz [keV] [%0]
232 231 84.2 6.6 4
Th 100 Th-metal Th 2552h 1 1023 0.436 24

269



A. A. Filatenkov. - Neutron Activation Cross Sections Measured at KRI

238U (n’ 2n)237U

238U(n, 2n)237U

En () #ACtotal | +AO0ret
[MeV] [mb] [%] (%]
13.47 1145 8.30 1.55
13.64 1056 7.32 153
13.88 1002 7.34 1.52
14.05 915 7.82 1.52
14.28 816 7.22 1.52
14.47 746 7.39 1.52
14.68 716 8.41 153
14.86 664 7.42 1.55
Ref. CS is Nb(n,2n)*™Nb; oy =1.1

Cross Section [mb]

1400

238U(n,2n)237U
T T T T

1200 =~

1000 -

800 -

600 -

400 -

200 -

eovecsopdacoe

TENDL-2014
IRDFF v.1.05

—— ENDF/B-VIL1
EAF-2010

—— JENDL4.0

—— CENDL-3.1

—— ROSFOND-2010

Present Data

2011 Chuanxin Zhu+

2010 Xianggao Wang+

1993 C.Konno+

1990 P.Raics+

1987 V.Ya.Golovnya+

1985 R.Pepelnik+

1980 J.Frehaut+

1980 N.V.Kornilov+

1980 T.B.Ryves+

1979 H.Karius+

1973 J.H.Landrum+

0 " 1

13.0 13.2

13.4 13.6 13.8

14.0 14.2

Neutron Energy [MeV]

14.6 14.8 15.0

The reaction is studied rather well. The evaluations and experimental data are in a good

accordance.

12+ 6.75d
237U 4
92 p-
Mﬁe y
237
3Np
Decay data used for ~ 2*®U(n, 2n)*"U. o
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
238 237
U 99.2745 15 U-metal U 6.752d 2 208.0 21.2 3
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241Am(n, 0L)238Np

2LAm(n, o) **Np

E, (o] AOtotal
[MeV] [mb] [%]
14.84 <15 33.3

Ref. CS is **Nb(n,2n)*"Nb

Cross Section [mb]

241

Am(n,a)**Np
T T T T

TENDL-2014
EAF-2010
—— CENDL-3.1

v Present Data

02 |

0.0 M 1

13.0 13.2

13.4

13.6 13.8

Neutron Energy [MeV]

14.0

14.2

14.4

14.6 14.8 15.0

This is one of the results of the KRI pioneering cross section measurements with the **Am
[4]. In more detail, the experiment of high complexity is described in pp.26-30 of this paper.

For the 2 Am(n, o)**®*Np cross-section, we managed to determine only the upper limit. It is
equal to 1.5 mb.

2+ 2.117 d
238N A
93NP -
ot 87.7y
238p, |
241 238 94" =V
Decay data used for Am(n, o) °Np. o
Target Abundance | Chemical Reaction T E, \&
nucleus [%6] form product v [keV] [%6]
984.5 252 3
#Am 99.9 1 AM(NO;); 2Np 2.099d 2 1025.9 8.75 7
1028.5 18.23 12
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Am(n, 3n)*°Am

*Am(n,3n)**°Am

241Am(n’ 3n)239Am 18 .- TENDL-2014 -
-
En c #AOiotal | 2AOref o = .
—— ROSFOND-2010!
[Mev] [mb] [%] [%] 14 ® Present Data
14,73 3 66.7 11.8 12
14.86 12 25.0 11.8 10

Ref. CS is Nb(n,2n)*"Nb; oy =2.0

Cross Section [mb]

13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

Experiment of high complexity is described in detail on pp.26-30 of this work.

52 11.9h
¥ 239
EC 95Am\)’
99.990% 010.010%
12+ 24110y
239p 1
94 V
Decay data used for  2*:Am(n, 3n)**>Am. a
Target Abundance | Chemical Reaction T E, Yy
nucleus [%6] form product vz [keV] [%0]
226.4 33 4
“1Am 99.99 AmM(NO;); Z%Am 119h 1 228.2 11.3 13
277.6 15.0 17
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Am(n, 2n)**Am

241 240
Am(n,2n)""Am
241Am(n, 2n)240Am 300 — T T T T T T T T 1T
En o +AOtotal | +AOref
[MeV] [mb] [%] [%]
13.48 247 8.01 2.76 =
13.56 240 104 2.75 E
5
14.09 208 10.5 2.74 5 ™ .
Q
14.21 229 109 2.74 A
B 100 | — Ihomean i
14.69 199 11.0 2.75 5 s
1484 | 194 113 277 . 3 b
14.86 217 6.87 2.77 v 2002R:W.Lnugheed+
K] 92m . _ 0 PR IR REPU U SR EEUN R S SR |
Ref' CS IS Nb(n’zn) Nb’ ad - 12 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 14.6 14.8 15.0

Neutron Energy [MeV]

The pioneering neutron activation cross-section measurements with 2**Am [4] demonstrated
the ability to obtain the cross section data for material of small mass ~3 mg but of very high own
activity ~10% Bk. The experiment is described in detail in pp.26-30 of this paper.

Results of new experiments reported recently have generally confirmed the KRI data.

O+240_0f 6563 y
94PU
Decay data used for  2*:Am(n, 2n)**°Am. o
Target Abundance | Chemical Reaction T Yy
nucleus [%)] form product 2 [%0]
24.7 5
241 240
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ATTACHMENT. Reference cross sections

Table I. The #’Al(n, a)**Na reference cross section

KRI (old) IRDFF v1.05 KRI (old) IRDFF v1.05
En (new) E, (new)
T L e P e
ol | e | ™1 | [ Mol | foe | ™1 |
1345 1258 1.13 | 125.46] 0.795 1420 | 1185] 1.01 | 118.47 [ 0.410
1346 | 1258 112 | 12546 0.795 1442 | 1161 1.03 | 116.63] 0.375
1347 1257 111 | 12546 0.795 1443 | 1159 1.04 | 116.49 [ 0.375
1348 1257 111 | 12546 0.795 1444 | 1156] 1.04 | 116.35 ] 0.375
1349 1256 110 | 12546 0.795 1445 | 1154 1.04 | 116.20] 0.375
1350 |  1255| 1.09 | 125.46| 0.795 1446 | 1151 1.04 | 116.06 | 0.375
1356 | 1252 | 1.04 | 12533 0525 1447 | 1149] 104 | 115091 0375
1358 1250 1.04 | 12529 | 0525 1448 | 1148] 105 | 11577 ] 0.375
1364 | 1246| 1.04 | 12507 | 0525 1449 | 1146 1.05 | 115.63] 0.375
1365| 1245| 1.04 | 12503 0525 1450 | 1145] 105 | 11548 0.375
1366 | 1244 105 | 124.98| 0525 1461 | 1129] 1.06 | 113.88] 0.385
1367 | 1243| 105 | 124.94| 0525 1462 | 1128] 1.06 | 113.73] 0.385
1368 | 1242 1.05 | 124.89| 0525 1463 | 1126] 107 | 11359 0.385
1370 1240 105 | 124.80| 0525 1464 | 1125] 107 | 113.44] 0.385
1372 1238 1.05 | 12467 | 0525 1465 | 1124 107 | 11329 ] 0.385
1373 1237 105 | 124.60]| 0525 1466 | 1123] 107 | 113.15] 0.385
1374 1236| 1.05 | 12453 0525 1467 | 1121] 107 | 113.00] 0.385
1375 | 1235| 1.05 | 124.47 | 0525 1468 | 1120] 1.07 | 112.85 ] 0.385
1387 1227| 098 | 12351 0.491 1469 | 11109] 107 | 11271 0.385
1388 | 1226 098 | 123.43]| 0.491 1470 | 111.8[ 107 | 11256 [ 0.385
1389 | 1226| 098 | 123.34| 0.491 1471 | 1117 107 | 11241 0.385
1395 1223 098 | 12272 | 0.491 1472 | 1116] 108 | 11227 ] 0.385
1396 | 1223 | 098 | 122.62 | 0.491 1473 | 1115] 108 | 112.12[ 0.385
1404 | 1219 098 | 12171 0.462 1474 | 1114] 108 | 111.97 [ 0.385
1405 | 1219 098 | 12159 | 0.462 1477 1111] 108 | 11153 [ 0.385
1406 |  1218] 099 | 121.47 | 0.462 1478 | 1110[ 1.08 | 111.38] 0.385
1407 1217] o099 | 121.35| 0.462 1480 | 1110] 113 | 111.09] 0.385
1409 | 1214 099 | 12112 0.462 1481 1110] 115 | 110.94 [ 0.437
1410 1213] 099 | 121.00| 0.462 1482 | 1110] 117 | 11079 [ 0.437
1419 1203| 1.00 | 119.83 | 0.462 1483 | 1109] 117 | 11064 [ 0.437
1421 1199 1.00 | 119.56 | 0.410 1484 | 1108] 117 | 11049 0.437
1423 1196| 1.00 | 119.29 | 0.410 1485 | 1107 117 | 11035 [ 0.437
1425 1192 101 | 119.02 | 0.410 1486 | 1106] 118 | 110.20 | 0.437
1426 | 1191 1.01 | 118.88| 0.410 1487 | 1105] 118 | 110.05 | 0.437
1427 1189 101 | 11874 0.410 1488 | 1104 118 | 100.90 [ 0.437
1428 | 1187 101 | 11861 0.410
Table la. Decay data used at the 2’Al(n, «)**Na cross section determination.
Reaction T Eq N
product 2 [keV] [%)]
1368.6 99.9936 15
“Na 14.997h 12 2754.0 99.855 5
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Table II. The *Nb(n, 2n)°*™Nb reference cross section

KRI (old) IRDFF v1.05 KRI (old) IRDFF v1.05
E, | (new) | E, . (new) .
ev [ o5 [Feamel oo [FETE] | vy [ oo [reere] o | el

o] | pow [ ™1 | o bl | oo | ™1 |
13.45 4515 | 1.40 452.00 | 0.633 14.29 459.3 | 1.44 460.10 0.543
13.46 4516 | 1.39 452.20 | 0.633 14.42 460.2 | 1.22 460.12 0.549
13.47 451.7 | 1.37 452.40 | 0.633 14.43 460.2 | 1.26 460.12 0.549
13.48 451.8 | 1.36 452.60 | 0.633 14.44 460.3 | 1.30 460.12 0.549
13.49 451.9 | 1.35 452.80 | 0.633 14.45 460.3 | 1.35 460.13 | 0.549
13.50 4519 | 134 453.00 | 0.592 14.46 4604 | 1.39 460.13 0.549
13.56 452.4 | 1.26 454.03 | 0.592 14.47 460.4 | 1.43 460.13 0.549
13.58 452.4 | 1.30 454.38 | 0.592 14.48 4604 | 1.42 460.13 0.549
13.64 452.4 | 1.37 455.31 | 0.592 14.49 460.3 | 1.40 460.13 0.549
13.65 4525 | 1.36 455.46 | 0.592 14.50 460.3 | 1.39 460.13 0.549
13.66 4526 | 1.34 455.60 | 0.592 14.61 459.9 | 1.22 460.15 0.565
13.67 452.8 | 1.33 455.75 | 0.592 14.62 459.8 | 1.25 460.15 0.565
13.68 4529 | 1.32 455.90 | 0.592 14.63 459.6 | 1.29 460.16 0.565
13.70 453.1 | 1.29 456.19 | 0.592 14.64 4595 | 1.32 460.16 0.565
13.72 453.4 | 1.26 456.43 | 0.592 14.65 459.3 | 1.36 460.16 0.565
13.73 4535 | 1.25 456.55 | 0.592 14.66 459.2 | 1.39 460.16 | 0.565
13.74 453.6 | 1.23 456.68 | 0.592 14.67 459.0 | 1.43 460.16 | 0.565
13.75 453.7 | 1.24 456.80 | 0.562 14.68 458.9 | 1.46 460.17 0.565
13.87 4548 | 1.35 458.09 | 0.562 14.69 458.7 | 1.43 460.17 0.565
13.88 4549 | 1.36 458.18 | 0.562 14.70 458.6 | 1.41 460.17 0.565
13.89 455.0 | 1.35 458.28 | 0.562 14.71 458.4 | 1.38 460.17 0.565
13.95 4555 | 1.25 458.75 | 0.562 14.72 458.3 | 1.36 460.18 0.565
13.96 455.6 | 1.23 458.83 | 0.562 14.73 458.1 | 1.33 460.18 | 0.565
14.04 456.9 | 1.40 459.34 | 0.546 14.74 4579 | 131 460.18 0.565
14.05 457.1 | 1.42 459.39 | 0.546 14.77 4575 | 1.23 460.19 0.565
14.06 4572 | 141 459.45 | 0.546 14.78 457.3 | 1.20 460.19 0.565
14.07 4574 | 1.39 459.50 | 0.546 14.80 457.1 | 1.28 460.20 0.565
14.09 457.7 | 1.36 459.61 | 0.546 14.81 456.9 | 1.32 460.21 0.588
14.10 457.8 | 1.35 459.66 | 0.546 14.82 456.8 | 1.36 460.21 | 0.588
14.19 459.1 | 1.22 459.95 | 0.546 14.83 456.4 | 1.36 460.22 0.588
14.21 459.1 | 1.27 460.00 | 0.543 14.84 456.1 | 1.36 460.23 0.588
14.23 459.1 | 1.33 460.02 | 0.543 14.85 455.7 | 1.36 460.24 | 0.588
14.25 459.2 | 1.38 460.05 | 0.543 14.86 455.3 | 1.36 460.24 | 0.588
14.26 459.2 | 141 460.06 | 0.543 14.87 4549 | 1.36 460.25 0.588
14.27 459.2 | 1.43 460.07 | 0.543 14.88 4546 | 1.36 460.26 0.588
14.28 459.2 | 1.46 460.09 | 0.543

Table Ila. Decay data used at the “*Nb(n, 2n)**™Nb cross section determination.

Reaction T Eq Yo
product 12 [keV] [%6]
92MNIb 10.15d 2 934.4 99.15 4
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