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GROUP NEUTROW FISSICON AND RADIATIVE~CAPTURE
CROSS-SECTIONS FOR TRANSACTINIDES

A.I. Voropaev, A.A. Van'kov, V.V. Vogyakov, A.S. Krivtsov,
V.N. Manokhin and A.G. Tsykunov

ABSTRACT

A comparison is made between evaluations of radiative-capture
236U, 237Np 238Pu, 241Am,

and fission cross—sections for the isotopes '

243Am, 242Cm and 244

Cm, and group cross-sections for use in fast-reactcr
calculations are recommended. Group cross-sections obtained from the
HEDL graphical data (evaluation for ENDF/B—V) are shown for 234U,
236Pu, 237?1, 242Pu, 244Pu, 242mAm, 241Cm, 243Cm and 248Cm. Group
cross—-sections for 32 isotopes from the ENDL-T6 library files are
also given. In choosing recommended cross-—-sections, account was
taken of the extent of agreement with experimental data where these
are avallable, the extent to which the cross-sections are documented
and the extent to which they have been calculated from a theoretical
model. The reliability of evaluations is discussed. An attempt is
made to evaluate the error in single-group cross-sections averaged
over a typical fast-reactor spectrum. Conclusions are drawn from a
study of the literature on the current status of experimental and
theoretical research on transactinide cross-sections, and from the
spread of the different evaluation data. PFinally, the situation with
respect to the integral experiments which can be used for correcting

transactinide cross—-sections is discussed.

By the mid-1970s, systems of nuclear constants with which the basic
physical parameters of large fast-breeder reactors could be predicted with
reasonable accuracy (+2% for the multiplication factor and +6% for the
breeding ratio with requirements of i}% and 12-3% respectively [1]) haa

practically been completed in various countries.

In recent years attention has increasingly been paid to the problem
of obtaining data for transactinides. The reason for this is associated
with methods used for handling irradiated fuel, the gquantity of which

is steadily increasing. However, the situation with respect to transactinide
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nuclear data (TND) will probably remain unsatisfactory for some time.
Table 1 shows the radiative-~capture crogss-sections used in different
laboratories for various isotopes averaged over the core spectrum of

an industrial fast reactor. It will be seen that there are discrepancies

by factors of up to 2-4.

In the face of practical problems with transactinides, the need for
group transactinide constants in line with the current status of evaluation

increases.

Sources of information

The purpose of the present paper is to compare the nuclear data on the
basic transactinides, to recommend group fission and radiative-capture
cross—sections for the region 10 eV-10 MeV, and to evaluate the errors in
them. BEvaluations for 236U, 237Np, 238Pu, 241Am, 243Am, 2420m, and 244Cm

are compared (Table 2).

The main sources of information are the evaluations of the Obninsk
Physics and Energy Institute (FEI) (L.P. Abagyan, S.M. Zakharova et al.),
the Israeli group (M. Caner, S. Yiftah et al.), the Hanford Engineering
Development Laboratory (HEDL) (F. Mann and R. Schenter), and the Japanese
group (s. Igarasi and T. Nakagawa), together with the evaluated cross-
section libraries of the Lawrence Livermore Laboratory (ENDL 76)

(R. Howerton et al.).

The criteria used by the authors of the present paper for recommending
a given evaluation were the extent to which information on basic data
and theoretical models was available, the year in which the evaluation was
performed and the extent to which it agreed with known experimental results.
In the case of experimental findings, only the authors and year of publication
are indicated, as in the CINDA-76/77 (Supplement 2) and CINDA~78 (Supplement 4)
bibliographical indexes published by the IAEA in Vienna and in the bibliography
in the review paper of Ref. [4] on the status of the most recent experimental
work.

The constants chosen for 234y, 230y, 237py 242, 244p, 242m, 243,

243 243

Cm and Cm (see Table 3) are taken mainly from the graphical data of

HEDL [5]. The following important points should, however, be bome in mind:

(1) The constants for 2340 and 242Pu used by FEI match the older
evaluations of Ref. [ 6], which it is useful to compare with

later evaluations; and
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(2) The experimental data for the isotopes of plutonium and curium
shown are very meagre and, apart from the HEDL data, there are

no known evaluations for 237Pu, 244Pu and 241Cm.

An advantage of the HEDL evaluation is the uniformity of the approach
followed, whereby the Hauser—-Feshbach theoretical model is applied for
interpolation and extrapolation of data and rejection of inconsistent
experimental results. Optical parameters, the structure of nuclear levels
and threshold fission energies were obtained from systematics and by
adjustment of theoretical values to experimental data. For the region
of energies below 10 keV the evaluatiocns are based on analysis of resolved
and average resonance parameters. For certain isotopes the authors of
Ref. [5] used the results of Refs [7, 8] without any changes. The HEDL
evaluation was performed for the ENDF/B—V library.

The authors also considered it appropriate to show 28-group constants
(Ot, onY’ Tpr (%,Zn' ﬂn,}n) for isotopes of thorium {228-233), uranium
(233-240), neptunium (237), plutonium (238-243), americium (241-243),
curium (242-248), berkelium (249) and califomium (249-252) taken from the
ENDL-76 library (see Table 4). The INDL evaluation methods are described
in Refs [9, 10]. Ref. [11] contains a description of the basic data and
a discussion of the special features of evaluation for the isotopes mentioned.
It should, however, be mentioned that for the ENDL-76 evaluation the
experimental‘data available by 1975-76 were used. Owing to lack of
information, the authors of ENDL made extensive use of the pattems
emerging from cross—-section systematics. The procedure used for evaluating
radiative capture was of a somewhat intuitive character, and many experi-
mental and theoretical findings on cross—sections of isotopes of importance

for the 233U—232'I‘h cycle are not reflected in the ENDL evaluations.

The present paper does not contain an analysis of the reliability of
ENDL~76 library cross—-sections for the low-energy region (up to 10 eV).
It is worth mentioning, though, that there is a considerable amount of
information available on the evaluation of resonance integrals and on
cross-sections at thermal energies and for the first-resonance region
[12, 13]. A large quantity of information has also been accumulated from

the analysis of irradiated fuel and small samples in thermal reactors.

The group constants in Table 4 were found using the SPURT group of
programs (14]. These programs are designed for obtaining a full set of
constants from nuclear data libraries (the number of energy groups is

arbitrany) for neutron and photon calculations.
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For calculation of the group constants in Table 4, the spectrum
used for averaging and the division of energy groups in the range
0.215 eV-10 MeV are in accordance with the scheme of I.I. Bondarenko
[6]. In the 26th group the cross-sections are averaged in the range
0.215 eV-0.00215 eV for the Maxwell spectrum. In addition, two groups
in the high—-energy region (14-10.5 MeV and 14.1~14.0 MeV) were introduced.
For reasons of space, data obtained from ENDL-T6 on resonance self-
shielding coefficients in the resolved resonance region, inelastic
scattering, anisotropy, the average number of neutrons per fission event
and so on are not given. In the absence of better results, when used
together with the available up-~to-date evaluations of fission and
radiative-capture cross—-sections for transactinides, these data can be
used in practice for interpreting data on the irradiation of samples
and fuel clusters of different compositions in fast power reactors and
for solving irradiated—-fuel storage and reprocessing problems,

Comparison of evaluations of fission and radiative—capture cross-sections
for the basic transactinides

Uranium—236. Radiative capture. In the BNAB system of constants [ 6]
the cross—section was evaluated in accordance with systematics of density
and of nuclear level widths. In the ragion 350 keV—4 MeV use was made of
the activation data of J. Barry et al. (1961) and the measurements ol
D. Btupegia et al. (1961) for the cross—section of 235U. For the
ENDF/B—IV and ENDL evaluations the time—of-flight measurements (En.< 20 keV)
of A, Carlson et al. (1968) and new data on resonance parameters were used.
The HEDL evaluations agree with the ENDF/E—IV data. Table 2 shows the
extent (approximately 10%4) to which the HEDL and ENDL-T6 (apart from the
16th and 20th groups) evaluations agree. The BNAB data are systematically
higher in the range 1-1000 keV. The HEDL evaluation is recommended.

Fission. In the BNAB evaluation use was made of the measurements of
R. Lamphere et al. (1956) in the range 700 keV—4 MeV for the fission
cross—section of 235U. Since 1964 new experimental data from various
independent studies have been published and the sub—threshold fission
values have been brought up to date. Table 2 shows that the various

evaluations with E >E, agree to within +10%. The HEDL evaluation is

th
recommended.

Neptunium-237. Radiative capture. Various evaluations are compared
jin Table 1 and Fig. 1. There are experimental data available by D. Stupegia
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et al. (1967) and M. Lindner et al. (1973) (activation at E, > 100 keV).
The results of the second, later paper give a cross-~-section value lower
by a factor of 1.5-2. This is in fact the result given preference in
papers after 1973. In the HEDL evaluation the ENDL/B—IV results (1973)
are chosen. The data of Ref. [15] are those of the ENDL/B—IV evaluation
at En > 100 keV. For the energy region below 100 keV they are data from

a calculation differing somewhat from the HEDL evaluation. The evaluation
of Ref. [16] is based on the experimental results of D. Stupegia et al.

and differs from the other data.

Since the evaluation of Ref. [15] is documented in detail (by a whole
file in the KEDAX-3 input format) and supplemented by evaluations of
resonance parameters and different types of neutron cross—section in the
context of a wniform theoretical model, the data given in this paper are

recommended for use in practice.

Fissjon. The experimental findings available are comparatively extensive,
as a result of which the various data differ only slightly from each other in
the region of interesi for fast reactors. The evaluation of Ref. [15] is

recommended.

Plutonium-238. Radiative capture « The only experimental results

available are those of M. Silbert et al. (1973), obtained from a nuclear
explosion. The error in the results is given as of the order of 40%.

For the region 0.5-100 keV these results were used as the basis for the
evaluation in kef. [17]. In the data of other authorg theoretical values
predominate. The curve in Ref. [18] for E - 2=100 keV lies outside the
lower margin of error for the experiment. At 5-50 keV the HEDL evaluation
is lower than the experimental points by approximately 30%, whereas in the
region En > 50 keV it is substantially higher. Table 2 and Fig. 2 show the
evaluations of various authors. It will be seen that the ENDL-76 and
ENDF/B-IV data for the region 5-200 keV differ considerably (by a factor
of 1.5~2) from the HEDL data and Ref. [17]. Ths evaluation in Ref. [17]

is recommended.

Fission. All evaluations are based on experimental results which show
some inconsistency. This is the reason for the difference in the cross-~sections

shown in Table 2. The evaluation of Ref. [17] is recommended,

Americium—241. Radiative capture. PFigure 2 and Table 2 give an idea of

the spread in evaluations. The FEI evaluation is based on the thecretical
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radiative—-capture cross-section of Ref. [19] for the region 20 eV-0.7 MeV

as calculated by statistical theory without taking fission competition into
account. PFor calculating penetrabilities, use was made of optical parameters
taken from neutron data systematics. In the high energy region the cross—
section was extrapolated from results of 241Am irradiation experiments in

the hard spectrum of the BR-5 reactor. Abnormally high radiative capture

in the region above 0.8 MeV is also found in the evaluation of Ref. [20].

The ENDF/B-IV (1966) and ENDL~-76 (1977) cross-sections in the region of
interest for fast reactors (20-400 keV) are lower by a factor of 2-3 than
the cross—sections in the evaluations of HEDL (1977) and Ref. [21]. In the
latter two papers the absorption cross—sections correlate with the changes

in time of flight performed by L. Weston et al. (1975). The measurements

of D. Gayther et al. (1977) (Ga = cnY + T% was measured in the region
0.1~500 keV) confirm the data of L. Weston et al. entirely, although in

the region 10-100 keV the difference attains 20%. The divergence in the
data of HEDL and Ref. [21] in the region 5-50 keV is caused by the difference

in the fission cross-—-section (as is shown below). For calculation purposes

the HEDL evaluation is recommended.

Fission. Evaluations are based on the numerous microscopic experimental
data. As can be seen from Table 2, in the region En < 200 keV the various
evaluations agree with each other satisfactorily. However, in the lower
energy region considerable divergences are observed. The latest experimental
data and analysis of integral measurements on critical assemblies indicate
that nuclear—explosion measurements and the ENDF/B—-IV, ENDL and Ref. [21]

evaluations based on them are far too high. The HEDL data are recommended.

Americium—243. Radiative-capture. There are no experimental data
available. Fig. 4 and Table 2 show the theoretical evaluations of ENDF/B—IV,
ENDI~76, HEDL and Refs [17, 22]. It will be seen that they differ considerably.

The evaluation of Ref. [17], which was performed in the best-known conditions,

is recommended.

Fission. The experimental data agree well in the region above 0.2 MeV.
In the region below 0.2 MeV, the evaluations of Ref. [17] and HEDL, unlike
the evaluations of ENDL~T76 and Ref. [22], were not based on nuclear—explosion

data. The evaluation of Ref. [17] is recommended.

Curium-242. The experimental data are extremely meagre. There are
measurements of its resonance absorption integral and of the fission cross-

section at 14 MeV and on the fission spectrum. The data of ENDL~76 and HEDL
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contain theoretical cross-section evaluations. In the region below 1 keV,
for the ENDL~76 files use was made of the data of Ref. [7], while for the
HEDL evaluations the data of Ref. [8] were used. There is no information
available on the constants used in the FEI calculations. Table 2 shows that
both the radiative—capture and the fission cross-section differ considerably
over the whole energy range. This confirms the importance of experimental
findings as a primary source of information. The HEDL evaluation is

recommended.

Curium 244. Radiative capture. Various data are shown in Table 2 and
Fig. 5. For the lower energy region nuclear-explosion measurements were
performed by M. Moore [1971]. However, these data are inaccessible in a pure
form and thus for the evaluations of Ref. [17] the energy dependence of the
cross—section was determined by calculation. Above 10 keV the Ref. [17]

and HEDL evaluations agree with each other fairly well. The ENDF/B—IV and
ENDL cross—sections lie considerably lower. Between these two groups of
evaluations there are the results of Ref. [23] and of the Japanese group.

For the region below 1 keV the cross-sections of Ref. [17], ENDL~76 and

HEDL differ by no more than 30%. However, in the range of interest

(10-1 keV), the data of Ref. [17] and HEDL differ by a factor of two.

The evaluation of Ref. [17] is recommended.

Fission. There are various experimental findings available, including
some for which the time-of-flight method was used with a nuclear explosion.
This explains the considerable difference in the ENDF/B—IV (1967) cross—
sections from later evaluations based on combined experimental material.
From a practical point of view the agreement of the results in Ref. [17]
and HEDL can be considered satisfactory. The evaluation of Ref. [17] is
recommended.

Group—averaged constants for 234U, 236?1;J 237Pu, 242Pu, 242mAmLzzMPu, 241Cm,
243Cm and 244Cm

Table 3 shows group radiative-—capture and fission cross-sections as
evaluated by HEDL for isotopes not shown in Table 2. There are very few
experimental data for these isotopes and also very few theoretical data
(except for 242Pu). In practice, for purposes of calculation it would be
best to use the HEDL evaluations since their treatment of the isotopes
concermed shows that the way in which adjustment of calculations to
experimental data is performed is satisfactory. Let us briefly discuss

the data in Table 3.
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Uranium-234. There are no experimental data on the radiative—capture
cross—section of 234U in the fast-neutron region. The radiative-capture
cross—section evaluaticn given in Ref. [6] is based on the assumption of an
analogous fission cross-section dependence of 234U and 238U. The ratio of
level densities was found from statistical theory. For evaluation of the
fission cross—-section, use was made of those experimental and theoretical
data based on the theory of sub-barrier fission which were accessible by
1964. The HEDL cross—-sections, apart from the fission cross—-sections in
the region above 10 keV where new experimental data were used, agree with
the cross—-sections of ENDF/B—IV. The differences in the radiative-capture
cross—section evaluations given in Ref. [ 6], HEDL and ENDL-76 in the region
1 keV to 1 MeV do not exceed 20%. The evaluations of the fission cross=-

section for En > 0.5 MeV also agree to within 5%.

Plutonium—-236. There are no experimental data on the radiative—capture

and fission cross-sections of 236Pu in the fast-neutron region. Hor the
region below 10 keV the HEDL data correspond to the evaluation of Ref. [7],
while for the region above 10 keV theoretical reéesults were used. The HEDL
data differ by a factor of approximately two from the older evaluation of

Ref. [20] in the region 1 keV to 1 MeV.

Plutonium—-237. There are unreliable data for the fission cross—section

in the thermal region. No evaluations other than HEDL are known.

Plutonium-242. In Ref [6] the same considerations were used as for

evaluating 234U. The HEDL data on the radiative—capture cross—section in

the region 6~90 keV agree with the experimental findings of R. Hockenbury
(1975), and in the region 10~250 keV with the most recent experimental
results of Kaeppeler et al. (1978). At energies below 10 keV the data of
Ref. [8] are used in the HEDL evaluation. The data of Ref. [6] on radiative—
capture cross—sections in the region 1-100 keV are 10~20% lower than those

of HEDL data. A difference by almost an order of magnitude is observed in
the region 10-50 eV. The evaluated cross-section in the region 1 keV-1 MeV
of ENDF/B—IV data differs from that of the HEDL data by a factor of 1.5-2.
The radiative-capture cross—section in the region 5-500 keV according to

the ENDL-76 evaluations is 20% lower than the HEDL results.

The fission cross—section in the evaluation of Ref. [6] is approximately

15% lower than that of HEDL and ENDL-76 data.
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Americium—-242m. There are no experimental data on the radiative-capture

242mAm. In the region below 10 keV the evaluation of Ref. [7]

cross-~section of
is used, while in the region above 10 keV theoretical results are used. In
the ENDL-T76 data it is assumed that at En < 2 keV, Opy = 0.1 og for thé
region of 10 keV evaluations were taken from cross-—section systematics.

The difference in HEDL and ENDL-76 data reaches a factor of 1.5 in the regions
above 0.5 MeV and below 5 keV. The data for the fission cross-section at

En < 100 keV are found to be unreliable. The results of HEDL and ENDL-76
differ by a factor of approximately two (where En~< 10 keV).

Plutonium—244, curium—241l, curium—-243 and curium—-244. There are no

experimental data on radiative capture for these isotopes in the fast-reutron

region. HEDL data (statistical calculation) and ENDL~76 data (evaluation
from systematics) for this cross-section differ in certain important energy
regions by factors of 1.5-2. The data on the fission cross-sections of

these isotopes are scanty and inconsistent.

Evaluation reliability

Evaluations of fission cross—-sections are based mainly on experimental
material. For this reason, an assessment of their reliability can be made
from the spread in the results of different authors. As a rule, calculations
play the most important part in evaluations of the radiative-—capture cross-
section, The reliability of calculations is much harder to estimate, hence
the notion of error in the evaluations recommended by the authors of the

present paper will of necessity be somewhat subjective.

The status of transactinide experiments has been described in detail for
each isotope in various papers (e.g. [4, 24]). These papers have been used
as a starting point for determining the errors in evaluations based on
experimental results. Many papers (e.g. [25]) have been written on the
status of theoretical values. Results obtained from systemaiics of neutron
reactions on actinides are given in Ref. [26], the author of which believes
that the theoretical calculations are in principle accurate for the main
reaction cross—sections for transactinides to within approximately 25%.
However, in practice it is difficult to agree with this because the accuracy
with which cross—sections can be predicted is determined by the criterion
used for adjustment of theoretical values to experimental values. Where
radiative-capture cross-sections are concemed, the isotopes 235U, 238{] and
239Pu can be regarded as standard nuclei. However, despite considerable
efforts on the part of experimenters, the error in the radiative—capture

cross-sections of these and other isotopes is still considerable (no better
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than 10-20%). The methods used for adjustment of parameters affecting
these cross—sections to experimental values are therefore by no means
uniform. Purther causes of the lack of uniformity are the model
approximations, on which the number of calculation parameters used and
their interpretation depend. For example, force-function systematics
depend on the type of optical potential involved and on whether the
asphericity is taken into account. It is possible that the radiative-
capture cross—sections of nuclei below the fission threshold will be
predicted with a "good theoretical idea" to approximately the accuracy
mentioned in Ref. [26] (around 25%). However, for fissionable nuclei

the accuracy of prediction must be lower: if fission competition is
taken into account an additional uncertainty of considerable importance
is introduced since the theoretical idea of the fission process is less
good and there is great uncertainty in the model parameters. An approxi-
mate appraisal of level fluctuations and other approximations in a model
introduce errors, the evaluation of which requires special theoretical
calculations. Normally, many authors are not in a position to perform
such calculations. In the different laboratories cross-—sections are
calculated using all kinds of approximation and different basic information.
This explains why the cross—sections calculated by different authors may
differ by several factors. In any case, the similarity between results
does not necessarily mean that they are reliable, since in this case there

may be considerable correlated errors.

These circumstances necessitate the assignment of larger errors to
evaluations of mean cross-sections than are usually cited. For example,
in Ref. [27] a typical error of 125% is assumed for the radiative—capture
and fission cross-sections of transactinides (within a wide correlation
range), which seems to us excessively optimistic. This conclusion is

confirmed by thie spread actually found in evaluations, as seen in Table 2.

It is interesting to compare different evaluations of cross—sections
at the single—~group level. For this purpose the cross—sections were
averaged over different spectra (fission, core and shield of a breeder
reactor). Let us consider these data for the isotopes shown in the last
three lines of Table 2. It will be seen that the awerage radiative—
capture cross-sections over the fission spectrum vary by factors 2-5.

At the same time, the spread in average fission cross—sections is only

10-15% (except for 2420m, where it is large). When the radiative—capture
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cross—-sections are averaged over the core and shield spectra of an
industrial reactor, the difference is reduced to a factor of 1,5-2.

The spread is greatest with cross—sections of isotopes for which there

are no measured radiative—-capture cross—sections (243Am and 2420m). It

is worth noting that in the core spectrum of a reactor with oxide fuel
approximately half the radiative—capture events occur at En < 10 keV.

In this region theoretical evaluations are more reliable (extrapolation

on the basis of resonance parameters) than for the higher energy region.
Thus, the situation becomes less favourable with a change to harder spectra
(a fast reactor with metallic fuel and a thermonuclear blanket). In the
case of average fission cross-sections, on the other hand, the spread
increases (see Table 2) with a change from hard to softer spectra (10-15%
for the fission spectrum and 20-40% for core and shield spectra). Clearly,
this is because the isotopes shown in Table 2 are characterized by threshold

{ 23\

fission (except for Pu), while measured sub-threchold fission cross—

sections are less reliable than for the region above the threshold.

Table 5 shows the errors (standard deviations) evaluated for the
present paper in the radiative—capture and fission cross—sections of various
isotopes (see Table 2). The cross—sections are assumed to be correlated
over the whole energy range, so that these errors can be related to cross-—
sections averaged over the core or shield spectrum. No conclusions are
drawn in relation to the correlations between the cross-~sections of different
types and of different isotopes.

For the isotopes 2450m, 2460m, 247Cm, 249Bk, 249Cf, 250Cf, 2510f and
2520f there are only the ENDL-76 theoretical evaluations. They should
probably not be considered very reliable in the light of comparisons
between the evaluations of cross—sections for other isotopes. Tt would

therefore be wise to consider the cross—sections for this group of isotopes

as being uncertain by a factor of three.

Thus, the cross—sections of certain isotopes are assigned very high
uncertainty factors when direct experimental data are unavailable or are
very inconsistent. This uncertainty can be reduced if experience has
been acquired in the performance of theoretical calculations on the basis
of nuclear data systematics. Unfortunately, studies containing a theoretical
evaluation of cross-sections usually either fail to justify the accuracy
claimad for the calculations or justify it extremely sketchily considering

the complexity of this problem.
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Table 6 shows single—group radiative—capture and fission cross-sections
for 37 isotopes averaged over the fission, core and shield spectra of a fast
reactor. The basic data used for averaging were those recommended in Tables
2 and 3, while the ENDL~76 library was used for isotopes not shown there.
Table 7 shows the spectra used for averaging. The data given can be used
for transactinide build-up and burm-up calculations. An idea of the
accuracy of such calculations can be gained by using the error evaluations

of Table 5.

It would seem that the fastest way of increasing the accuracy of the
cross—sections of isotopes which are difficult to measure in differential
experiments is to perform and analyse integral experiments, in particular,
by means of sample irradiation experiments in power reactors and isotopic
analysis of irradiated fuel. The volume of such information available is at
present not large, and the main data published are given in Table 8. As
can be seen from original work, it is not easy to interpret these experimental
findings properly, but where microscopic data are highly uncertain, it may be
possible to improve them considerably even when the accuracy of integral data

is not wery high.
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Table 1

Radiative-capture cioss=sections for difterent
isotopes ave.aged over the core spectrum of
an industrial fast reactor, b

USSR,
Isotope ::;rlesent Japan [2] USA, ORNL [3]
paper)
2>y | 0,29 0,30 0,30
2%pu | 0,49 0,47 0,50
237p | 2,4 1,7 0,7
238py | 1,1 0,5 0,22
24%p | 2,8 1,4 0,99
243pm | 1,5 0,91 0,55
242cp | 0,98 0,68 0,38
244ep | 0,81 0,53 0,37




Comparison of different evaiuations of radiative-capture and fission

cross-sections for the main transactinides Table 2
236y T b1y
g e N e G L e ] AT
A R i N T e e e e A P ol 177
E oy | T o1 [, o 5 ] e iy RO I B i [g'g( (5
1(10,5-6,5 MaB 0,01 O,dI 0,02 1,50 1,50 | 1,60 C,07 0,007 0,008} 0,008 2,40 2,14 2,15 2,00
2165-40 " 0,02 0,03 0,03 Q,92 0.88 1,1 0,10 0,01 0,021 0,02 1,53 1,49 1,49 1,50
34025 | 005 | 603 | 005} 0,90 | 088 [©090 1 0.3 1 €0 | 0031093 | T8 1,61 1 . 1,60 1 _1.63
4 2.5-1;4 " 0.09 0,72 0,11 0,77 0,76 0.80 C,25 G.06 0,06 | 0,06 I,a44 1,64 I.61 1,65
MeV 5t 1,8-0,8 = 0,3 0,31 0,31 0,42 0,44 0.50 0,36 0,14 0.1 0,13 I.,28 1,40 I,41 I.45
640,808 =t 0,30 | 0,26 | 0,28 | 8,065 | 0,03 005 : 055 | 031 { 03110731 ] 062 07 1 0,651 0,77
7}0,4-0,2 = 0,33 0,26 0,27 0 0,003 0,002 0,81 0,63 0,631 0,62 0,07 0,09 0,08 C,08
L.8FD0,2-0T = G,40 G.32 0,32 0 0,002 K0,002 1.3 1.0 ¢,93¢ 0,93 0,03 0,04 0,04 0,04
(.‘.9,-299:5@;5 moB| 0,60 | 0,47 | 043 ) 0 _ | 00030002 | 2,0 | I,6_ | 14113 | 00 | 002 | 002 ] 002
10 §46,5-21,5 = 0,80 0,56 0,60 O J.u24 K0,00? 1 3.1 2,3 2.0 1.8 0,02 0,02 06,01 0,008
11 }21,5-10 " 1,1 0,90 0,87 o U,U25 1€0,002 4,4 3.3 2,7 2,6 0,02 0,01 0,01 0,006
oy }.12_4_19: we e | Xs | Lo Loap )0 [ @ Koee |7 | 65 4 28 0 2 1 0 1002 | 0014 00
I3 14,65-2,1I5 = 2,3 1.8 1,9 0 0,029 {0,002 110 6,2 5,9 6,2 0 0,64 0,01 0,01
! I4 2,15-1 » 4 2,8 3,1 o £,01 i, 16 8 9,2 |11 0 0,10 0,01 0,02
15 1000463 9B 6.1 83 |..5%2 y_ 9 o0 ¢ - 2 LI ol Iz gm0 il 0,09 1.0,02 | 0.03
16 | 465-215 = 10 16 g g 0,02 - 38 20 23 25 0 0,17 0,04 0,04
eV 517 215-100 = .5 I9 15 v 0,04 - 52 31 - 31 0 0,28 - 0,07
18| I00~-46,5 = 30 25 32 ] 0,2 - 56 48 - 61 0 0,30 - 0,06
[19 46,521,5 = 45 32 27 0 9,5 - 8C a5 - 82 0 0,74 - 0.09
20 PRI ,5-10 = 0,1 0,5 C,! 0 0,5 - 92 92 - 93 0 0,02 - 0,001
Averagedover | | T 7T T | I I R R R B T T YT T
spectrum; :
fisgion 0,180 0,172 0,172 0,578 0,572 | 0,621 0,262 0,176 0,172 } 0,170 1,20 1,31 1,29 1,32
core 0,811 0,699 0,661 0,700 0,103 | 0,110 2,93 1,89 1,81 i,e8 0,294 | 0,339 0,3181 0,329
shield Do frar [LI3 | 00w | 005 | 0055 | 48] 3. | %10 |22 | 2161920 | %IR] 2%




Table 2 (continued)

L R
| e T %
2 | M.cener Ié.ypa'n‘::b "1 PP | w.caaer Lp. A e o™, | L. Weston S.Igare-
=3 19 eate, ENDL-76, 4 1975‘ HEDL, ent., ENDL-76, 8yan et.  HepL, vbenko ’ onn ENDIL~76, 8i, HEDL,
Sl kRN il R SR ARl el N I
i 5 1965[19] [22 5
1|10,5-6,5MeB] 0,007| 0,01 | 0,02 0,004y 0,02| 2,5 2,5 2,4 2.5 2,6 |0,13 [o0,002 - 0,002 0 0,C2
2| 6,5-4 " | 0,01 0,02 | 0,04 0,008 0,02| 2,6 2,1 2,2 2,2 2,3 |0,79 |[o0,005 - 0,003 0 0,02
3 4.2,5 " | 0,02 0,05 | 0,06 0,01 0,04f 2,5 2,2 2,3 2,2 2,3 |o,31 |o,01 - 0,006 0,02 | 0,05
42514 " [00 | o011 | 009 ] 003 _ 010 22 | 2,2._1 2,3 |22 __J2.2. 1053 _]006 | - __[002 | _0,I0][0,II
mMev<4 5| 1,4-0,8 " | 0,04 0,15 | 0,15 0,05 0,16] 2,1 2,1 2,1 2,1 2,1 0,94 |0,065 - 0,04 0,28 | 0,26
6| 0,8-0,4 " | 0,07 0,18.| 0,17 0,10 0,26 1,7 1,5 1,7 1,6 16 1,2 0,14 - 0,1 0,54 | 0,58
7| 0,4-0,2 " | 0,12 0,23 | 0,8 0,19 0,36 0,85 | 0,9 1,1 0,98 [0,95 [0,9 0,18 | 0,8 0,2 0,78 | 0,86
800201 "1o017 | 03 020 j _ 034} 059 05 | 06 0,87 [070 |0975 1,2 __[043 |I,3_ [0 [_1I |12
9 | 100-46,5%9H 0,28 0,56 | 0,28 0,60 0,66 0.5 0,55 | 0,90 | 0,66 |0,6 |16 0,8 1,6 0,76 1,4 1,6
10 |46,5-21,5 " | 0,46 0,85 | 0,44 1,0 0,83 0,7 0,6 09 | 0,73 |07 |2,0 1,2 2,1 1,3 1,8 | 2,1
Loy I |21,5-10 " | 0,62 1,2 0,66 1,7 13| 1.1 0,7 0,99 (0,81 |0,6 [3,0 1,5 2,9 2,1 2,I | 3,0
J2 | 10-4,65 " | 2,0 | __I,6 | 0,96 | _23__[..29] 907 1 085 J 1,3 _[097 10,7 14,2 __13.2_ ] 3.8 _ 135 L 34 | 23
13 |4,65-2,15 " | 3,7 2,4 I,8 3,6 3,I| 1,0 1,1 1,6 1,2 1,0 6,5 5,2 6.0 5,7 5,1 5
T4 {2,151 " | 3,8 3,9 3,3 4,0 3,8 1,5 1,6 1,9 1.6 15 |10 .8,5 9,4 9,1 8,1 8
15 | 1000-465 9B | 6,8 6,6 6.3 7,0 68| 2,1 2,1 2,7 2,5 2,1 |76 L T4 15 14,1 - T4
Toy 465215 " 112,5 | = L IN.9_ ) Ta4 | J2,51 3,1 ) = | 3,3 (4.6 3,7 _J2s. 23 __ |23 ] 22 | ie=oo 22 ..
17 | 215-100 * |29 - 27 30 29 | 4,1 - 6.9 5,0 4,1 {40 35 38 34 - |37
v 18 | 100-46,5 " {10 - 15,5 11 10 1,6 - 2,0 4,6 1.6 |7 55 47 50 - |u6
19 |46,5-27,5 " | 1.2 - 0,1 0,5 1,2/ 0, - 0,01 | 0,7 0,1 |60 82 56 76 - |65
20 1 21,5-1C0 " IS0 ___}_.: - 1% _j..%2 . ].50 13,0 | ~_. 130 _ {25 {30 j9_ __j108 8 (97 | ___=._tI5
Averaged over
spectrum:
fission 0,043 0,125 0,112 | 0,064 | 0,147 2,07 195 2,06 | 1,98 | 2,01 | 0,676 | 0,074 | - 0,063 | 0,252 | 0,274
core 0,631 0,797( 0,578 | 0,902 ! 0,899| 1,10 1,06 1,32 | 1,16 | 1,10| 2,20 { 1,30 | - 1,39 1,75 1,92
shield 1,25 1,42 | 1,72 1,62 | 1,53 1,05 1,00 I,32 | I,04 | 1,03| 3,49 | 253 | = 2,63 2,93 3,13




keVY

eV.{

Table 2 (continued)

Energy 24,0 83,0
g range - 6,f Gn‘r - ] 6"f
e [ENDF/ B~ A-P. Abj- E.Ifa- ENDF/B- A;_fl':;?a EnDR/B, AP+ A I
3 Iv, gyan et ANDL-76rasl, | HEDL, 1V, | ENDL-768Y HEDL, Iv)gyan et | ENDL~76, HEDL,
G 1967 a1, 19791977 E?‘.Z??'i %gﬂ? ES 7 E‘.l?ﬁ al[.ll';*]'T&'. E.gﬂv %2%7 'a;.l;hsws. E%’B 16757
1 |10,5-6,5MeB| 2,40| 2,5 | 2,22| 2,41 2,40 | 0,001 | 0,003 | 0,01 | 0,005| 1,40| 2,00 | 1,77 | 2,50
> |65-4 =*)1,9 20| 1,9 2,06! 1,95 0,003 |0,004|0,03]0,007| 1,40{ I,40 | I,41 | I,70
3 4-2,5 = | 1,75 1,8 | 2,0 | 1,92 2,0 | 0,006 | 0,006 | 0,06 [ 0,01 | 1,40| 1,80 | I,52 | 1,55
LS4l 2.5-Te | 1,65] 1.6 | 1,80 1.87.| 1.95.| 0,015 0,016 | 0,77 ] 0,03 | 1,40 | 1,50 | 1,53 | 1,55
s |1,408 »~| 1,20| 1,10} I,23| 1,34| 1,4 {005 |oO0,04 | 0,38 006 | I1,J0| 0,98 | 1,12 | I,20
6 |0.8-0,4 »w| 0,20} 0,20{ 0,21| 0,21 | 0,25 0,11 | 0,08 | 0,5 |0,13 | 0,06 | 0,09 | 0,15 | 0,12
7 [0,4-0,2 = | 0,04 0,04| 0,005 0,03 0,06 0,30 |0,16 | 0,70 | 0,25 | 0,01 | 0,01 | 0,02 | 0,02
.8 |0,20,I »|0,0|003]|002]| 0,04 1.0.,02 | 0,42 _10,21 [ 0,96 |0,20_ ] 0,002Q 0 __]O00 | 001 _
f9 100-46,5xB 0,02 | 0,02 | 0,02| 0,03] 0,02 | 0,6 |0.25 |1I,4 | 0,92 o| o o0 | 00rI
10 [46,5-21,5* ] 0,22] 0,02 0,21 | 0,18 0,02 | 0,9 0,47 | 2,0 | 71,50 o | o |oo0 | 002
IT fer5-10 »|o083| 0 |o081| 0800|113 (07 |27 |71,80 o] o o006 {002
2| 104,65 061 0 059|060 004f - |16 |29 {35 {. o _o_ |00 |00
13 |4,65-2,5"| 1,0 | 0 |1,03] 0,91 0,06 | - 1.9 |60 |55 o | o {0,170 | 0,004
o f2gsar |13 | 0 [1,33]|1,23/008] - 2,2 |92 [~ o | o [o.14 <000
/15 [1000-465 ®B| 1,5 | 0 |I,51] - 0,72 | = 3,0 (13 |12 0| 0 |o,72 [<0,007
To__|uesets m T | 0 T | = |08 f - |109 _feo __ler __} _o | o _]o0,15 |<0,00I
17 |2ts-100 » {075 © |o72| - |o022] -« |33 32 1% ol o |o25.] o
Te | 100265 073 0 072 | - |0,25]| - 36 45 45 o | o |ou 0
19 [46,5-2T,5= 07| 0 {079 | - 031 | - 63 63 |43 o o {o52 0
\_?0 [2I,5-10 =« [o0O52 | O 0,47 | = 0,2 | = 119 100 9&_3 N o_. 0 0,55 0
avermgedover | |1 | | T o T
spectrum:
fission 1,27 | 1,26 { 1,36 | 1,40 [T,44 | 0,065 | 0,043 | 0,301} 0,081 I,02 I,046 (1,11 | 1,17
core 0,453| 0,250| 0,462 0,473]0,305 | - | 0,54 | 1,84 | 1,36 | 0,193|0,797 |0,242 | 0,231
e | oset|oanfose| oo | - | Tn |sor | 252 | o.97|oiosy [otso | oter

_6'[—



Table 2 (concluded)

b2 “em
S f::g‘?’ an Gnr 6f
Z A.P. Aba- | A.P. Aba- A.P. Aba- A.P. Aba-
3 gyan | ENDL~7G HEDL, |gyan  ENDL~-76i:DL, gyanet al. | gNpL-76,| DL, |Gienotti gyan et ipypp,_96, HEDL,
i} 1972 ﬁ?z Ifgg 1972 l%’gi? 1975 IEJZ?] 197 1978 al, 1975 {175 1977
(17 [5 [23] rimy |1 [5]
[1|70,5-6,5 MsB| 0,10 | u,028 <2-10’*2 3,0 2,3 0,003 | 0,003 | 0,003| - 22 | 1,9 | 2,5
2l 6.5.4 v |00 0,01 |«2:707 2,50 1,8 0,007 | 0,004 | 0,007 | - 2,0 | 1,6 | 2,0
3| 425 = |0,30] 0,08 | 0,005] 2,0 1.6 0,015 | 0,006 | 0,015| - 2,0 | 1,7 | 2,0
ey bt 2ssa m om0 | oor | 0,01 | 2,0 1m0l 1,3 | ou | 0.04.___| 0,006 ] 0.0 | = .| JLolnr e
is 1,4-0,8 = 10,50 | 0,15 | 0,03 | 2.0 0,51 0,00 0,04 | 0,74 | 0,18 20 | 1,6 | 1,9
6| 0,8-04 n |050( 0,15 | 0,04 | 0,95 0,07 0,23 0,00 |0,24 | 0,18 0.8 | 0,81 0,6
7| 0,4-0,2 = |0,40| 0,18 | 0,07 | 0,13 (11072 0,3 0,16 | 0,3 | 0,20 0,08 | 0,13| 0,12
~81.0,2-0,I _» {052 | €23 | 0,1 | 0,05 _SIZIQ:B 100,45 10,21 _1.0,57_ 0,30 _. _.0,04 f_ 0,08| 0,05
(9| 100-46,5%eB|0,75 | 0,41 | 0,18 | 0,06 <1103 0,70 0,26 | 0,80 | 0,% 0,06 | 0,08] 0,06
10{46,5-21,5 » 1,20 | ¢,72 | 0,3 | 0,09 <1°10° 1,7 0,60 | T,2 | 085 0,05 | 0,09| 0,07 ,'u
ey T [215-10 = 1,50 | 2,93 | 0,50 | 0.08 <1-107? 1.4 0,90 | 1,6 | 1.2 0,06 | 0,10 0,05 ?
Je| 10465 " 290 | 1;1 | 0,90 | 0,08 <17107° Al ST T U U S R 0,07_|_0,10} 0,04
13 |4,65-2,15 =~ 12,90 | 1,2 | 1,7 | 0.08 <1°707? 3,3 2,0 1,7 | 1.8 0,04 | 0,10 0,07
142,151  »|7,70| 1,4 | 3,0 | 0,08 <7072 5,4 3,7 3t | 2.7 0,12 | 0,I13] 0,12
/15 |7000-465 ®B (7,70 | 1,6 | 6 0,08 <7073 8,5 9,8 6,5 - 0,20 { 0,3 | 0,23
Ly | Jedues2rs m 15 126 LT | 0,5._[0.65_|<1:307 DK DTN b I N _0,%_]. 0,65 0,35
17| 215100 " | 15 | 3,0 |23 0,5 11073 10,4 10,6 |10 - 0,33 | 0,70 0,33
18 | 100-46,5 " | 30 | 5,2 |3 1,0 11973 14,6 17,0 |12 - 0,44 | 0,43 | 9,40
19 |46.5-21,5 | 30 | 6,2 |50 1,0 <1-1072 21,4 28,0 |26 - 1,64 | 0,49 | 0,90
0lo1,5-10 " |4e0 2,1 le8 | 1,0 lo3 <1107 s YRR K- b T S - O o« 0 I T I A O
Averaged over
U 0,400 0,100 | 0,025 | I,74 0,9M 0,106 | 0,044 | 0,176 | = 1,63 | 1,40 1,59
core 1,22 | 0,452 | 0,463 | 0,466 0,164 0,982 | 0,659 | 0,900 | = 0,422| 0,409| 0,405
shield 1,96 | 0,639 | I,04 Lo',296 0,08 1,61 1,26 |-I,42 | - 0,262| 0,280| 0,254




Group radiative-capture and fission cross-sections for various rransactinides Table 3
obtained from the graphical data of Ref. [5]
S| Energy 23y 2%y 7y H2py A pu Ban | 2 2¢m 248ep
o
g range 6“31 6;, 6”5" @} an 6:._. 6”5’ 6f 6”5’ 6} 6:15‘ 6} Jn/T‘ 6f 6”6" Gf 6!13’ 6f
(I I1C,5-6,5MaB| 0,C2| 2,1 | 0,01} 2,2| U023 72,2} O0.Cr 1 T,9 U022t 1,7 jU,0251 2,4 | u,u3z2] 2,410,022 2,0 0,026|2.4
21 6,5-4,0 » | 0,03y T,4 {007} I,7)j 00,0270 2,1 0,01} 1,3 U,022 [ 7,1 {0,025 2,1 | u,u32] 2,4]uU,u22 1,7 u,u<d{T1,8
3] 40-2,5 ~ | Col1,5(002]7,9{001 ¢ 29| 00C2[ 7,4 |wu,R3|T,20,025]2,210,033] 2,5{u,023|] I,9 | 0,01 1,8
vevy 4 2,5-I,4 » { C1I0}1I,5 0,03 25| 0,02 3,11 0,06 1,4 0,0 | I,3 {u,026}12,0} 0,01 3,15 5,024 253 C,03 1,7
| 51 I,4-0,6 = | 0,31} I,2 0,04 2,5( 0,03 3,71 0,10 | T,4 0,02 | 1,3 0,01 2,4 0,02 ] 2,710,0I 2,3 0,08 7,¢
l 6| 0,8-0,4 » {0,29|0,8 (007} 1,2 0,06 3,01 0,77 | C,4 0,06 [ G,3 0,03 2,3} 0,04} 2,310,02 1,8 0,03 0.3
% 71 040,2 10201021071 1}71,2]0,09 3,71 0211 007! 0,04 { 0,03/006 2,31 0,10 2,7]0,0¢ 1.6 0,08 10,07
l&B 0,2-0,1 =~ 0,32]0,05] 0,2 | 0,2{ 0,72 3,01 0,271} 0,02 | 0,05 ; 0,07{0,73 | 2,8 0,16 2,410,14 1,7 0,10 (0,04
(9 100-46,5%x9B' 0,421 0,021 0,3 | 0,8] 0,17 3,1] 0,45 |<0,0I | 0,70 y 0,07|0,22 | 3,4 | 0,21 2,610,25 2,1 0,16 10,03
'If’J 46,5-21,5 ~ | 0,651 0,02{ 0,5 | I,T| 0,24 3,2| 0,74 <0,0I | 0,22 | 0,0210,50 { 3,7 | 0,28 | 2,8]/0,30 2,3 0,34 10,04
eV IT |2I,5-10 = [ 0,951 0,02 0,6 | I,5] 0,33 4,11 0,95 [<0,0I | 0,32 | 0,02{0,90 { 4,8 0,35 | 3,6)0,37 2,9 0:49 0,06
112 6~4,6 » | I,4 1002151 3,30, > 1,0 |<0,0T| 0,6 0,021, 2,6 | 0,5 4 0.9 3,0 0,8 |[0,0I
;I') 4,6-2,I15 | 2,0 10,021 2,7 |5,1] 0,7 8 1,3 [<0,01} I,2 0,0111,6 3,81 07 7 I,5 4,5 1,0 10,01
LIQ 2,15-1 132 00349 17,511,2 II 2,2 {<0,01| 2,2 - |25 6,0 1,1 I0 3 7 1,0 10,03
IS {I000-465 9B | 4,7 1 0,0415,7 | 4,8} 2 15 4 0,03 4 - 3,3 .51 1,5 16 4 10 2,9 [0,10
eV ¢ T6 | 465-2I5 = | 9,5 - 9516,1]3 25 5 0,044 9 - 15,5 |I3 2,3 27 7 18 3,5 [0,I2
17 | 2I5-100 = |17 - |17 12 L 42 11 0,04 |76 - 8,4 [18 3,3 |13 (10 22 1,9 [0,05
g | 1I00-46,5 " |22 - |20 19 6 56 21 0,06 |32 - j4,2 |38 5 47 118 36 31 2,7
19 144,5-21,5 " 145 -~ 128 30 9 10 5] 0,03 38 - 15,9 |56 8 75 22 60 150 3,2
!\20 21,5.10 =~ 10,3 - |49 i 12 125 4 <0,0T |23 - 19,2 o4 T2 110 |25 150 0,5 ]0,02
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Group cross=sections for transactinides obtained from the

files of the ENDL-76 library Table 4
5 2 (7163~ 2m  (7168) 25y (7166)
i Energy .
= range
L% ’ 6)‘ 6,1&,. 6n,2n n,3n 6t 6f 6n r 6n 2n 6n .3n 6t 6f 6n r 6n ,2n 6n ,3n 6t
-1 | I4,1-14 MeB| 0,539 0,02I86 10,75 1,12 | 5,33 [0,347 U,0254 |1,30 | 0,650 5,7 | 2,25|0,u228 | 0,470 |0,0499 | 5,94
0 I4-105" 0,388 0,023%0 | 1,68 {0,150} 5,31 10,286 U,02693(1,83 | 0,0858] 5,6 | 2,09 { U,02355{ 0,640 0,0370‘% 5,90
I| 10,5-6,5 " 0,389 0,027%6 |1,76 | O 6,08 10,326 0,0117 (0,832 0 6,3 | 2,13 10,0544 0,248 0 6,25
2 6,5-4,0 " 0,210 0,0143 ]0,290| © 6,83 10,148 0,0204 | O 0 7,511 1,580,042 | 0,02184 (] 7,53
MeV 3 4,0-25 " 0,207 0,0348 0 0 6,76 {0,128 00307 { O 0 7.50] 1,77 |0,0I% 0 0 7,56
4 2,5-I,4 " 0,208 0,0703 0 0 6,41 0,105 0,816 | O 0 6,73| 1,87 10,0299 0 0 6,70
5 I,4-0,8 " 0,191 0,126 0 0 7,08 0,02791 0,136 (] 0 6,81 I,82 10,0639 0 0 6,35
6 0,8-0,4 " 0,124 0,146 0 0 8,65 0 0,165 0 0 7,70| 1,880,128 0 0 7,17
7 0,4-0,2 " 0,176 0,186 0 0 9,38 0 0,159 0 0 9,57{ 2,050,201 (] 0 8,62
8 0,2-0,1 " 0,312 0,234 0 0 10,8 0 0,204 0 0 IT,4 | 2,21]0,223 0 0 10,1
9 100-46,5%eB] 0,476 0,412 0 0 11,9 0 0,340 0 0 13,01 2,421 0,250 0 0 11,7
10 | 46,5-21,5 " 0,667 0,716 0 0 12,4 0 0,574 0 0 I4,1 | 2,810,333 0 0 13,6
eV II | 21,5-10,0 " 0,934 0,931 0 lO 12,9 0 0,766 0 0 I4,8 | 3,85 0,440 0 0 15,4
I2 | 10,0-4,65 " 1,30 1,60 0 0 13,9 0 0,917 0 0 15,8 | 5,030,583 0 0 16,9
I3 | 4,65-2,I5 " 1,82 2,24 0 0 15,1 0 1,26 0 0 32,6 | 6,890,786 0 0 18,6
I4 | 2,15-1,0 " | 2,56 2,70 0 0 16,3 0 2,07 0 0 27,5 | 9,491 0,926 0 0 20,2
f15 1000-465 8B 4,52 6,41 0 0 22,2 0 2,57 (] 0 22,8 (I2,7 | 1,42 0 0 24,6
I8 465-215 " 9,74 25,2 0 0 46,9 0 I1,4 0 0 39,6 {17,8 ) 2,47 0 0 31,5
17 2I5-100 " | 21,0 98,5 0 0 132 0 15,9 0 0 41,1 {25,6 | 4,00 0 (] 47,6
18 100-46,5 " | 31,2 187 0 0 232 0 25,2 0 0 63,1 §38,0 | 5,95 0 0 57,0
19 | 46,5-21,5 " | 93,6 201 0 0 250 0 56,0 0 0 74,2 465,5 | 6,81 0 0 86,3
20 j 21,5-10,0 " | 36,0 217 0 0 270 0 0,960 0 0 9,95 {109 17,9 0 4] 140
ev < 2I { 10,0-4,65°" | 38,4 231 0 0 268 0 0,143 0 0 10,7 195.4 | 17,4 0 0 125
22 | 4,65-2,15 " | 10,2 61,0 0 0 85,0 0 0,291 0 0 11,3 {118,5} 46,3 0 (] 178
23 | 2,15-1,0 " 3,95 23,7 0 0 38,7 0 0,626 0 0 12,0 1348 60,0 0 0 409
24 1,0-0,4565" 5,80 34,8 0 0 51,6 0 I,I5 0 0 12,8 |I23 9,50 (0] 0 145
25 [0,u465-0,215" 8,50 51,0 0 0 70,5 0 1,97 0 0 13,7 |163 14,4 0 0 191
| 26 00252 " | 26,0 |I% L_o 0 |193 0 |6.40 0 0 |[18,3 [477 | 43,0 0 0 |5%
*/ File No. is shown in brackets.



Table 4 (continued)

g 23 (7167) 235y (7168) 238y (7169)
o,
2 Ener
g rangfy 6j 6!15\ 6n,2n 6n,5n Gt 6_f 6/15\ 6n,2n 6n,5n 6t 6j GnJ‘ 6n,2n Gn,'.’:n 6t
ﬁz 14,1-I4 MaB|2,12 | U,u25 ]0,250 |0,300| 5,79 2,05 | U,u238 [0.3s4 |0,0737 | 5,79|I,61 |u,U2657]0,250]0,700{ 5,80
0| Is-7C,5 " 2,00 | V,J2624|0,727 | 0,016 5,70} 1,79 | U,U2455|0,579 [|u,u2470l s5,7711,53 |u,u2799| 1,04 |0,1I08/ 5,90
1110,5-6,5 ™ |2,04 | V,U2u60|0,317 0| 6,63} 1,67 | V,U274 10,392 0 6,44]1,51 10,0141 | 0,694] O 6,66
2| 65-40 " 1,40 00170 | 0 0 | 7.,72| 1,11 | 0,0I14 |u,u2826 0 7.56{0,882 |0,0318 0 0 7,78
3] 4,025 " |1,53|0,04I6 | © 0 | 7.,98] 1,22 | 0,0226 0 0 7.78(0,878 |0,0521 0 0 7,96
Mev J 4] 2.5-1,4 = 11,500,099 | 0 0| 6,99| 1,27 | 0,0570 0 0 7,030,759 {0,121 0 0 6,97
Y s{ 1,408 -~ 1,21 | 0,216 0 0] 6,831 1,19 | 0,106 0 0 6,80{0,436 |0,310 0 0 6,87
61 0,8-0,4 " [0,749| 0,243 0 o | 7,78 1,131 0,152 0 0 7.84{0,0316 |0,264 0 0 7,80
7] 0.4-0,2 * |0,147| 0,23 0 0 | 9,46] 1,28 0,259 0 0 9,13|u,u2263[0,256 0 0 9,72
8] 0.2-0T " Jo,047| 0,304 0 0 (10,9 1,45 | 0,390 0 0 10,9 |U,U2215/0,320 0 0o | 11,0
91 T00-46,5xk3B| o | 0,487 0 0 |I1I,8 1,73 | 0,604 0 0 12,7 |V,U23u0]{0,468 0 0o | 11,8
10 {46,5-21,5 * o |0,771 0 0 [12,5 | 2,12 | 0,827 0 0 13,9 |U,02425/0,661 0 0 | 12,0
11 |21,5-10,0 o | I.05 0 0 [13,0 2,76 | 1,03 0 0 15,5 {U,02483/0,904 0 o | 12,8
kev )} 12110,0-4,65 * o |1,38 0 0 {I3,4 3,69 | 1,24 0 0 17,1 {u,u2667|1,279 0 0 | 13,3
13 |4,65-2,I5 * 0o | 1,94 0 0 (15,9 5,01 | 1,53 0 0 18,9 |0,028751,783 0 o | 13,8
I412,15-1,0 * 0 | 3,0 0 o |150 | 7,00} 3,38 0 0 22,8 |u,u2972|2,778 0 0 | 14,8
[15 T000-465 8B 0 | 3,9 0 0 |16,0 | 11,0 | 6,73 0 0 30,4 [0,0138 |5,25 0 0o | 17,3
16| 465-215 = 0 | 4,3 0 o 16,3 | 17,0 | 8,64 0 0 38,6 |0,0184 | 16,4 0 0 | 28,4
| 171 215-100 * o |4.77 0 0 |I6,8 | 20,5 |10,I 0 0 43,6 |0,0351 | 18,8 0 0 | 30,9
18{ 100-46,5 " 0 |57 0 o (17,7 | 38,4 |I51 0 0 62,4 0,156 |[24,6 0 o | 36,7
19 |46,5-21,5 0o | 7,46 0 0o [19,5 | 43,2 24,1 0 0 79,7 10,456 |[31,6 0 0 | 44,0
20121,5-10,0 " o |9,70 0 0 {2I,2 | 51,2 |45,0 0 0 {109 0,500 | 0,500 0 0| 13,0
eV 21 (10,0-4,65 * c (12,7 0 0 |o4,7 | 48,0 |37.2 0 0 96,6 0,500 |976 0 0 |988
22 |4,65-2,15 * o |16,% 0 0 |es,7 | 17,1 | 7,25 0 0 36,9 (0,500 | 1,60 0 0 | 14,I
231(2,15-1,0 ~ o [21.9 0 0 33,9 | 36,9 |12, 0 0 63,4 (0,500 | 0,907 0 0 | 13,4
24| 1,0-0,465" 0 (29,1 0 0 |4I,1 | 67.5 | 7.57 0 0 89,6 |0,500 | I,I9 0 o | 13,7
25 10,465-0,21s" | o 38,9 0 0 |50,9 |160 33,8 0 0 |209 0,500 | I,66 0 0 | 14,2
26 0,0252 " 0 91,4 0 0 |03 501 86,0 0 0 (602 0,500 | 4,45 0 0 ] 17,0

—-{a_



MeV

keV

eV

Table 4 (continued)

g 23Ty (7170 28y (7171) 2% (7172)
£ Energy
8 range 6f snp 6n,2n 6n,3n 6t @:f Gnr 6n,2n 6n,3r1 61: 61‘ GYIJ‘ 6“,2ﬂ 6ﬂ,3n 61‘—
(1| 14,1-16 MeB | 1,49 | 0,023 {0,322 |0,778| 5.80|1,13 0,021 (0,897 (0,434 | 5,850,969 | 0,001 [0,25 | 1,40 (5,90
0 I4-10,5 " 1,26 | 0,024C411,14 ]0,I46{ 5,80(71,004 0,02156| 1,44 0,0593| 5,82 | 0,767 0,0016 { I,36 | 0,471 | 5,75
I| 10,5-6,5 " 1,18 | 0,02754]1,06 0 6,6410,968 0,0238 {0,847 0 6,59 | 0,675 0,0045 11,86 0 6,45
2 6,5-4,0 " 0,693] 0,0I45 10,0391 O 7,76]0,578 0,02943{0,07349 0 7,48 O,Si# 0,0129 | 0,337 0 8,02
13| s025"™ 0,663 0,0078| 0 0 | 7,78/0,553 | 0,033 | © o | 7,82| 0,56 | 0,037a| 0 o |8.08
4| 2.5-1,4 * |0,682| 0,0993| o 0 | 6,48/0,471 | 00588 | © o | 720050 | 0,127 | © o |7,12
5 I1,4-0,8 ™ 0,734| 0,122 0 0 6,6210,04I6 | 0,120 0 0 7,171 2,531 0,287 0 0 7,12
6 0,8-0,4 " 0,693 0,136 0 0 8,II 0,02113 0.121 0 0 8,34 | 0,367 0,765 0 C 7,45
7 0,4-0,2 0,6321 0,129 0 0 9,45 O 0,126 0 0 10,0 0,180 0,287 0 0 7,95
8 0,2-0,1 " 0,576] 0,191 0 0 10,3 0 0,169 0 0 11,5 0,0208 | 0,403 0 0 9,12
r9 100-46,5 xeB| 0,579] 0,276 | © o |11,1{ o 0.280 | O 0 |[12,8 | 0,0017| 0,575 | © o |9.m
10| 46,5-21,5 " | 0,641} 0,407 0 0 11,7 0 0,453 0 0 13,5 0,0238 | 0,839 0 0 10,2
JII| 21,5-10,0 " | 0,707| 0,600 C 0 12,3 0 0,618 0o 0 14,0 0,0247 1 TI,238 0 0 10,6
I2| 10,0-4,65 * | 0,781} 0,882 0 0 13,1 0 0,818 0 0 14,4 0,0417 1,937 0 0 12,2
I3} 4,65-2,I15 " {0,863| 1,30 0 0 4,0 0 1,22 0 0 15,2 0,0626 | 2,06 0 0 14,6
LI4]| 2,15-1,0 "] 0,953] I,91 0 0 15,0 0 1,98 0 0 19,5 0,0722 | 4,83 0 4] 16.8
(15 I1,0-465 8B | 1,23 | 2,78 0 0 I6,4 0 3,57 0 0 25,2 00,0800 6,76 7] 0 18,9
16 465-2I5 " | 1,83 | 4,04 o] 0 18,3 0 4,81 (4] 0 22,0 0,184 8,52 0 0 20,7
I7 2I5-I100 " | 2,72 | 5,85 0 0 21,1 0 20,9 0 0 93,1 3,15 10,7 0 0 25,9
I8 100-46,5 " | 4,03 | 8,47 0 0 25,1 0 16,3 0 Q0 42,8 1II,6 14,0 0 0 37,6
19| 46,5-2I1,5 " | 5,99 |12,3 0 0 30,9 0 55,7 \ 0 |[I29 15,6 18,8 0 0 46,6
201 »1,0-10,0 " | 8,90 |I7,8 0 0 39,4 0 79,6 0 o 110 21,0 25,2 0 0 58,2
271 70,0-4,65 " [13,2 25,7 0 0 51,7 0 69 0 0 187 28,1 33,8 0 0 73,9
22| 4,65-2,I5 " |[14,1 |37,3 0 0 64,3 0 0,747 0 0 8,34 (37,86 45,4 o) Q0 95,2
23) 2,15-1,0 " | 1,3 |54,0 0 0 |684] O G,514 0 o | 830302 36,9 0 0 |[79.1
20| 1,0-0,465 " |0,490(78,2 0 0 91,7 0 0,611 0 0 8,49 | 2,71 4,27 0 0 19,0
2>10,465-0,215" | 0,35 |TI3 0 0 27 0 0,826 it 0 8,78 | 3,99 6,28 0 0 22,3
\26 0,0052 " } 0,35 |332 0 0 246 0 2,38 0 2 10,32 |I2,1 19,1 D 0 43,2

_Va_



Table 4 (continued)

S| tnerg #7173 2Txp (a7 “ru (7175)
% range .
g g A 6”, 6, an [6n, | Ot Gf Gnr Gy 20 |%n,3n| Ot Gf 6,16, 61 2| Gn.3n | O
-I] I4,1-14 M®B [0,944 | Q,00875 ]0,414 lo,X24]%5,90| 2,5 U,u249110,520 10,700.| 6,22 | 2,72 u,u287510,123}.0,I02 5,96
0] 14-10,5 " |U,799 | 0,0107 |I,34 0,500 5,86 2,42 | u,U255I|0,7I7 [0,0149| 6,20 ] 2,52 0,0716 |o,413} 0,02360( 4,86
1}10,5-6,5 " [0,745 | 0,0Q171 |1,56 0 |6,60] 2,14 | 0,023]0,195 | O 6,69 | 2,41 0,0226 |0,25%] © 6,58
2| 6,5-4,0 " (0,459 | 0,0266 |0,506| O |7.72| T.,48 [ 00TI6| O 0 7,68 { 2,20 0,0355 | 0O 0 7,43
3( 4,0-2,% " ]0,442 | 0,0429 0 0 |7,99] 1,61 | 0,022 O 0 7,98 | 2,26 0,0572 | O 0 7,38
4| 2,5-1,4 0,322 | 0,0703 0 0 |7.,21| I,64 | 0,0574| O 0 7,651 2,28 0,0938 | O 0 7.06
5| 1,4-0,8 " {0,0333( 0,115 0 0 (6,98 1,40 | 0,137 0 0 7,53 | 2,13 0,154 0 0 7,10
61 0,8-0,4 »| 0O 0,119 0 0 |7,90| 0,748 | 0,309 0 0 8,46 | 1,66 0,166 0 0 9,23
71 0,402 | O 0,108 0 0 |9,3u] 0,0922] 0,627 0 0 10,2 | 1,71 0,178 0 0 9,97
8] 0,2-0,I1 "| © 0,146 0 0 |10.8 ] 0,0350| 1,04 0 0 12,0 | 0,872 0,204 0 0 11,0
‘9| 100-46,5%3B O 0,251 0 0 12,3 ] 0,0233] 1,59 0 0 13,0 | 0,900 0,276 0 0 13,0
10} 46,5-21,5 "| © 0,463 0 0 13,5 | 0,0150] 2,34 0 0 14,1 | 0,963 0,477 0 0 15,2
I11}21,5-10,0 | © 0,700 0 o |1s4,2 | 0,0171} 3,26 0 0 15,4 | 0,992 0,658 0 0 17,5
12{10,0-4,65*| O 0,945 0 0 |Is,0 | 0,025} 4,47 0 0 17,5 | 1,322 0,960 0 0 20,0
13]4,65-2,15 "} © 1,28 0 o |13,7 | 0,0438} 6,15 0 0 20,0 | 1,57 1,77 0 0 24,6
LI4{2.15-1,0 "| O 1,88 0 o |1s,0] 0,102 | 7,94 0 0 22,6 | 1,94 3,33 0 0 31,1
(15] 1000-465 8B | © 3,31 0 o 11,0 0,0939{12,5 0 0 27.8 | 2,70 6,26 0 0 40,6
T6| 465-2I5 "| 0 €,87 0 o 15,9 | 0,173 {19,8 0 0 35,9 | 3.33 11.9 0 0 54 ,4
17| 215-100 "} O |I4,2 0 0 [22,5{ 0,280 (31,0 0 0 47,8 | 6,90 27,0 0 0 75,8
I8} 100-46,5 | 0 |eoI,I 0 0 (29,1 | 0,300 [47,7 0 0 65,0 | 2.03 15,5 0 0 32,8
19| 46,3-21,5 "| 0 |23,3 0 o {31,3] 0,737 94,5 0 o 121 U,u2%60| 0,0 51 O 0 10,3
20lear,5-100 "l 0 |[o5,8 0 0 |33.8 | 0,0233/91,6 0 0 110 2,96 55,¢ 0 0 73,6
211 10,0-4,65 "} O 28,5 0 0 (36,5 | 0,0244|86,4 0 0 |10I 1,44 6, 0 0 17,6
221 4,65-2,15 "] 0 |[31,5 0 o 39,5 | 0,0118{47,9 0 0 60,9 | 1,57 47, 0 0 59,1
2312,15-1,0 "| O [34,8 0 0 |#2,8 | 0,0T46|214 0 0 |22 0,0514 1,49 0 0 12,6
24| 1,0-0,465 "| 0O 38,2 0 0 |46,2 | 0,0115(292 0 0 |308 0,530 | 18,7 0 0 33,9
25[0,465-0,215"| 0 |15,0 0 0 |23,0 | 0,0%6]107 0 0 122 1,69 57,9 0 0 76,6
26| 0,0252 "| 0 |1I4,6 0 0 | 9.,46] 0,0134}{142 0 0 |160 13,4 451 0 0 |465

—gz-



Table 4 (continued)

S 2% (7176) 240py (9197) Hpy (7178)
123_ Energy
{35 range 6f Gn,J' 6n,2n 6n.5n C';t 6;‘ Gnr 6n,2n 6'n,bn 6t Gf Gn,g' 6n’2n 6n,5r1 61;
[-1 1s,1-I4 MeB| 2,25| U,u2I6 |[0,148 | u,02e84 5,87|2,23 U,u2875(0,243 | 0,286 | 5,47 | 2,13] u,u2714|0,127|0,604| 5,95
0| m-10,5" | 2,21 | v,02185/0,359 | 0.u3482] 5,86(2,1q 0,0107 10,592 | 0,0373 5,55| 2,04| u,u2803|0,779]0,I22| 6,00
1/105-6,5 " | 2,11} U,u2303[0,537 0 6,61[2,09 0.0171 [0,426 0| 6,0 1,91| U,u2%43]| 1,00 0 6,69
2| 6,54,0 " | I,72| u,u2418/0,051I3 0 7,66|1,56 0,0266 | O o | 7,00| 1,40{ 0,0187 {0,176 © 7,36
ey | 3] 4025 " | L.82) U264 0 0 7,86{1,66 0,0629 | O o 6,87| 1,52 0,0352 0 0 7,71
3| 25-T,4 " { 1,91{ 00162 © 0 7,141,866 0,023 O 0 | 6,68 1,66 0,0696 0 0 7,61
s|1,4-08 " | 1,77( 0,0393| © 0 7,01]1,46 0,125 0 o | 79| 1,57 0,105 0 0 7.79
6| 0804 " | I,62] 0,089 0 0 8,15/0,625 | 0,13 0 o | 7.v4| 1,50/ 0,198 0 0 8,85
7104-02 " | I,54| 0,161 0 0 |[10,0 |0,128 | 0,137 0 o | 9,43 1,72/ 0,382 0 0 10,7
g§|0,201 » | I,48| 0,207 0 Q |11,3{0,0633 | 0,178 0 0 | 10,6 1,99 0,510 0 0 12,0
9 | 100-46,5k3B| 1.53| 0,254 0 0 |12,8]0,0662 | 0,312 0 o | 11,3 2.24| 0,611 0 0 12,8
10 {46.5-21,5" | 1,64 0,457 0 0 |14,1|0,0863 | 0,59 ] o |11.6 2,80| 0,71¢ 0 0 13.5
11 {21,5-10,0" | 1,80| 0,785 0 0 |15.,3|0,0957 | 0,800 0 o 11,9 3,72| 0,781 0 0 14,4
keV' 112 110,0-4,65" | 2.26| 1,69 0 o |1m8,2(0120 | 1,07 0 0 |712.4 4,91 0,86L 0 0 15,7
13 |4,65-2,15" | 3.23| 3,08 0 0 |22,2 0,214 I,q‘u 0 0 | 22,7 5,59 1,38 0 0 17,0
14 {2,15-1,0 » | 4,61| 5,10 0 0 |26,410211 { 2,23 0 0 |23.9 5,91/ 1.86 0 0 17,8
15 |1000-4,6538 | 7,29| 8,40 0 0 |30.20,238 | 4.9 0 0 | 31,0 6,80 2,53 0 0 19,3
16 | 465-215 ' | 13,2 | 14,9 0 0 | 46,8 |0.0724 7,28 0 0 (3.3 | 21,6 8,60 0 0 40,2
17 | 215100 " | 19,1 | 16,8 0 0 |53,7 (0,176 |20, 0 0 | 56,4 | 35,9 |14,3 0 0 60,2
18 | 100-46,5" | 56,9 | 37,5 0 0 |[118  |0,354 37; 0 0 {II2 40,4 | 16,1 0 0 66 ,4
19 |46,5-21,5" |22,8 | 35,3 0 0 |73,1|0470 |64,5 0 0 [134 62,0 | 24,8 0 0 | 9,8
20 |21,5-10,0 " |105 71,6 0 0 192 |0,202 31,9 0 0 | 47,2 147 [58,7 0 o | 216
J 21 | 10-4,65" |33,4 |29,0 0 0 | 72,5 |u,U3662| 0,878 0 O | 146 [231 |91,6 0 o | 333
eV 22 |4,65-2,15" |11,1 | 1,07 0 0 | 22,6 |u,u2239] 9,33 0 0]29,3 [105 {u,0 0 o | 157
23 12,15-1,0 » | 24,9 | 7,69 0 0 |43,8[1.80 [{ou1p 0 0 {10240 | 32,6 | 13,0 0 0 55,6
24 | 1,0-0,465" [102 46,0 0 0 |160 |0,349 |[1301 0 0 | 1361 | 45,8]18,2 0 0 74,0
25 10,465-0,215" {1634 [1099 0 0 |[2747 |0,0319 | 164 0 0| 166 {905 |362 0 0 {1277
Lzs_ 0,0252 " | 703 | 281 0 0 | 995 |0,0535 | 268 0 0] 273 |890 | 363 0 0 |1263



Table 4 /continued)

s “pu (7180) *2pu (7181) “am (7182)
[Zl Energy
3 range Gf 6nr 6'n,2rz 6n,3n 6t 6f 6n5‘ 6rz,2n 6n,.’>n 5t 6f Gn(r 6n,2r1 6n,3n 6t
f-l 14,1-14 MsB| 1,93 0,0°172| 0.3 0,617] 5,55 1,9 | U,u2l6 {0,225 |0,875| 5,68] 2,48 | U,U39 [0,I50 |0,35 5,63
0 14-1G,5 " | 1,88 0,0°349| 0,807 [0.180] 5,61 1,78 U,u2185[0,994 | 0,284] 5,761 2,13 | J,u39 [0,786 {0,0343; 5,75
1] 10,5-6,5 " | 1,88 0,0%689 | 0,748 0 | 6,55 1,93 | 0,ue3u3{I,33 0 6,57 2,22 | o,u2150/0,810| © 6,60
2| 6.5-4,0 " | 1,28 0,015 |[o,02192] O | 7,74| 1,14 0,024I8/0,302 O 7,21 1,96 | U,u2308l0,0462] O 7,22
ey 4 2 w025 "L 0032 ] 0 0 | 6,95 1,29 v,uz6u4f O 0 | 7.,1I{ 2,0 | O,u642 O 0 7,07
4{ 2,5-I,4 " | 1,41 0,0622 0 0O {6,84/ 1,39 0,0162{ O 0 7,70| 1,80 | 0,0I49 | O 0 7,07
5| 1,4-0,8 " | 1,34 0,123 0 0 | 7,87 1,080,035 O 0 7,97 1,23 { 0,0379 | O 0 8,20
6{ 0,8-0,4 " | 0,398 | 0,133 0 0 | 8,62 0,428/ 0,806 | O b 8,97{ 0,210 | 0,0964 | O 0 9,28
7| 0,4-0,2 ™| 0,065 | 0,138 0 0 | 9,36 0,434 0,159 0 0 9,98) u,0248 0,202 0 0 9,47
L 8| 0,2-0,1 " o0,0024 | 0,167 0 0 |11,1! 0,478/ 0,207 0 0 | 10,7 | 0,0240| 0,417 0 0 10,3
9| 100-46,5%sH 0,0132 | 0,253 0 0 |13,3] 0,563 0,254 0 0 [ II,3 | 0,0203} 0,760 0 0 11,2
10§ 46,5-2I,5 " | 0,0II0 | 0,429 0 ¢ (15,2 0,710] 0,468 0 0 | I2,0 | 0,208 I,26 0 v 12,4
J 11| 21,5-10,0 » { U,u2938] 0,618 0 0 (16,1 | 0,894 0,788 0 0 | I2,6 | 0,807 2,13 0 y 14,2
keV 12} 10,0-4,65 " | u,u2613| 0,851 0 0 12,1 1,15 1,56 0 0 | 13,9 | 0,592 3,48 0 0 15,8
13| 4,65-2,15 " | U,u2491| 1,26 0 0 [12,0] 1,54 1,92 0 0 | s | 1,03 | 565 0 0 19,2
74| 2,15-1,0 3B | 0,u2441| 2,43 0 0 (23,8 2,13| 2,24 0 0 | 158 | 1,325| 9,08 0 0 23,8
15| 1000-465 " | 0,0132 | 5,10 0 0 (u8,4] 2,99| 2,99 0 0 | 17,4 | 1,508 14,1 0 0 29,9
16| 465-2I15 * | 0,0107 | 7,01 0 C {43,111 u,22| u,22 0 0 | 19,9 { 1,396]22,0 0 0 39,0
17| 215-I00 " | 0,0401 |I3,9 0 0 (49,5 5,94 5,9 0 0 | 23,4 | 0,724[33,5 0 0 51,3
18| 100-46,5" | 0,749 [36,9 0 0 {I30 8,35 8,35 0 0 | 28,2 | 0,717 {5%0,5 0 0 70,4
19| 46,5-21,5 " | 0,0735 | 6,63 0 0 (25,9 | 13,3 {13,0 0 0 | 39,0 | 0,792 (76,4 0 0 99,2
20| 21,5-10,0 " | 0,02785) 2,50 0 0 |23,1] 54,9 (30,6 0 0 |III 0,472 | 96,6 0 0 122
ev 3 21| 10,0-4,65" | 0,0214 | 1,39 0 0 (238 | 74,7 }36,5 0 0 135 1,287 163 0 0 195
22| 4,65-2,15 " 43,9 1583 0 0 (1818 | 95,0 | 46,4 0 0 |164 0,567 | 188 0 0 220
23| 2,15-1,0 " | 0,458 | 16,57 0 0 {31,6 371 18] 0 0 {576 4,70 | 701 0 0 798
24| 1,0-0,465 " | 0,123 | 9,39 0 0 23,4 (27,8 [31,7 0 0 | 78,4 | 3,11 |63 0 0 713
2510,465-0,215" | 0,03256| 6,74 0 0 |18,1 |5I,4 [76,4 0 0 |143 11,6 [1487 0 0 |1673
Lzs 0,0252 " | u,03771(16,6 0 0 [27,9 j157 |33 0 0 |402 29,1 | 456 0 0 523
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Table 4 (continued)

| S 242y (7183) H3pm (7184) 242cm (7185)
= Ener
8 rangfy 63; 6n(5~ Gn, 2n 6n, 3n 6t Gf 6n51 Gn, an 6n.,3n 6t 6f 6n5‘ 6n,2n 6‘rv,, 3n 6t
(_1( 14,1-14 MeB| 2,16 v,021I56|0,I37 [ 0,536 | 5,92(2,2 U,U2l6 0,125 |0,650{ 5,63| 2,65 V,02I5%6 { 0,1 [0,333 | 5,71
0 14-10,5" | 2,03| 0,023% {0,686 | 0,190 5,97|1,78 v,U2185 | 1,114 {0,121} 5,70| 1,99 U,U23% | 0,954 | 0,0164{ 5,82
1| 10,5-6,5 " | 2,I2| 0,02756 0,908 0 6,94|1,77 0,U2303 | 0,968 0 6,55 | 1,89 0,U2756 {0,515{ O 6,77
2| 6.5-4,0 | 1,86| 0,0I43 [0,0837| O 7,37|1,41 U,U2418 [0,03332| © 7,23| 1,61 0,0143 0 0 7,30
vey 4 3| 40-25 "] 1.9 0,0348 | © 0 7,191,52 0,004 | © 0 7,06 | 1,72 0,0348 0 0 7,04
4{ 2,5-I,4 ~{ 2,12| 0,0703 | O 0 6,68{1,53 0,0162 0 0 7,041 1,75 0,0703 0 0 7,06
s| I1,4-0,8 »| 2,23| 0,146 0 0 7,11|1,12 0,0395 0 0 7,96 1,62 0,146 0 0 8,I5
6l 0.8-0,4 | 2,3| 0,146 0 0 9,57{0,154 0,0806 0 0 8,61 0,766 | 0,146 0 0 8.63
7] 04-0,2 | 2,55| 0,181 0 0 11,6 |0,0218 | 0,159 0 0 9,19 0,128 | 0,181 0 0 8,24
8| 0,2-0,1 "| 2,93] 0,234 0 0 12,9 {0,0T28( ©,207 0 0 | 10,2 | 0,08II! 0,234 0 0 10,6
(9| 100-46,5ksB 3,40| 0,412 0 0 14,3 |0,020I | 0,254 c 0 | 10,8 | 0,0800| 0,412 0 0 13,6
Ic| 46,5-21,5"| 3,67| 0.7I6 0 0 15,5 10,0352 | 0,468 0 0 | II,I | 0,0925| 0,716 0 0 15,8
11| 2I,5-10,0"| 4,43] 0,931 0 0 16,8 [0,0616 | 0,788 0 0 | 11,3 | 0,0983] 0,931 0 o | 17,0
keV T 12| 10,0-4,65"| 7,45 1,07 0 0 20,2 {0,0864| 1,56 0 0| 13,8 |0,I 1,073 0 0 13.8
13| 4,65-2,15"| 1II,0 1,17 0 0 23,9 {0,103 1,92 0 0| 21,2 0,1 1,167 0 o | 19,5
I4) 2,15-1,0 *| 13,5 1,35 0 0 26,7 {0,742 2,24 0 0| 25,4 | 0,125 | 1,35 0 0 | 23,2
(15| 1000-465 8B| 15,7 1,57 0 0 29,1 {0,115 2,99 0 0| 27,8 0,320 | 1,57 0 0 | 35,0
I6f 465-215 "| 25,9 2,59 0 0 40,4 |0,I54 | 10,9 0 0 | 36,6 | 0,647 | 2,59 0 0 | 50,8
17| 215-100 " | 30,4 3,04 0 0 45,3 (0,253 | 33,4 0 0| 62,3 | 0,703 | 3,04 0 0 | 29,1
I8| 100-46,5"| 5I,4 5,14 0 0 68,4 |0,4T4 | 36,0 0 0| 59,0 [ 0,48 | 5,14 0 0 | 3.8
19| 46,5-21,5"| 62,3 6,23 0 0 80,4 |0,520 | 62,6 0 0| 8,9 | 0,490 | 6,23 0 0 | 32,6
20| 21,5-10,0 " | 121 12,1 0 0 | 145 |0,551 | 119 0 0 | 145 0,338 | I2,1 0 0 | 38,7
ey { 2] 10,0-4,65"| 156 15,6 0 0 | 183 |0.586 [ I62 0 0 |187 [33,12 |I5,6 0 0 [255
Tez 4,55-2,15 " | 311 31,0 0 0 354 |9.622]| 77,6 0 0 | 102 0,456 | 31,0 0 0 | 46,6
23| 2,15-1,0 ™| 426 42,6 0 0 | 480 0,65 [IT70 0 0 (1832 0,661 | 42,6 0 0 56,8
24| 1,0-0,465"| 899 108 0 0 |1019 |0,700 | IOI 0 0 |16 | 0,96 108 0 0 124
25| 0,465-0,215" [2462 471 0 0 2945 0,745 | 36,2 0 0| 49,8 | 1,42 1725 0 0 |139
26 0,0252 " 6562 {1850 0 0 |Bu24 10,863 | 65,9 0 0| 78,1 (4,3 |[1I6,3 0 0 | 32,0
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MeV

keV

eV

Table 4 (continued)

2%3on (7186)

2¥%0m (7187)

2490m (7188)

-

—

<
i Energy
g range 6} 6”'1‘ 6!’1,21’1 6n’3n 6t 6} 6n5" 6n,2n 6n'3n 6t 6f 6HJ‘ 6n’2n 6n,3n 6,
r—l I4,I-T4 MaB 2, 171 U,UC2Uv 0,25 |0,425 5,68 2,65 J,uU<l6 10,10 10,333 5,77 2. 171 0,uR2u9]0,25 {0,425 5,67
{ 0 14-10,5 " 2,061 U,0227510,773 [0,0386! 5,76 | 1,99 U,u218610,938(0,0331 5,81 2,06 U,U<L75(0,762[0,0490 5,79
I130,5-6,5 " 2,08 u,U237u| 0,769 0 6,64 | 1,89 J,u23u310,534| O 6,72 2,08 0U,U2374|0,769 0 6,70
4 6,5-4,0 " 1,86 U,U245U]0,0594 0 7,301 1,57 U,Uc418| O o 7,30 1,861 U,u2450(0,066 0 7,28
3] 4,0.2,5 " 2,0 U,u608] 0 0 7,08 1,68 U,ulbud| O 0 7,01 2,0 U,ucouB8| O 0 7,02
4 2,5-I,4 " 2,13} 0,0162 0 0 7.04) 1,70 0,0162 0] 0 7,00 2,131 0,0162 0 0 7.21
5 I,4-0,8 " 1,97} 0,0375 0 0 8,28 I,58 0,0395 0 0 8,05 1.8T| 0,0375 0 0 8,25
6| 0,8-0,4 " 1,87 0,0768 0 0 10,3 0,766 0,0006 0 0 8,56 1,83 0,0768 0 0 10,1
7| 0,4-0,2 " 1,86f 0,159 0 0 12,6 0,128 0,159 0 0 8,22 2,071 0,159 0 0 12,1
8| 0,2-0,1 " 1,96 0,207 0 0 13,5 00,0011 0,207 0] 0 10,6 2,26 0,207 0 0 13,2
9 100-46,5 ®eB | 2,25| 0,265 0 0 13,2 0.0800 0,256 0] 0 13,5 2,4 0,285 0 0 12,9
10 | 46,5-21,5 " 2,84] 0,451 0 0 I4,1 0,0925 0,600 0 0 15,7 2,641 0,451 0 0 13,1
i1 f21,5-i10,0 " 3,58| 0,801 0 0 15,3 C,0983 0,897 0 0 17,0 3,50 0,801 0 0 14,3
12 }10,0-4,65 " 4,301 1,59 0 0 17,0 0,1 I,17 0 0 13,9 4,96 1,586 0 0 16.5
I3 14,65-2,15 " 5,14 2,31 0 0 18,8 0,I 2,00 0 0 20,4 6,36{ 2,31 0 0 18,7
I 12,15-1,0 " 7,94 2,65 0 0 22,0 0,125 3,67 0 0 25,5 10,1 2,65 0 0 22,7
1% | T000-365 8B (12,8 2,95 0 0 27,2 0,320 9,83 0 0 41,7 13,9 2,95 0 0 26,8
16 465-215 " 120,3 3,20 0 0 35,0 0,647 14,9 0 0 65,2 19,9 3,20 0 0 33,2
17 2i5-100 " 132,8 3,49 0 0 47,8 0,703 10,6 0 0 30,6 37,1 3,49 0 0 50,8
I8 ] 100-46,5 " |70,7 4,93 0 0 87,1 0,434 17.0 0 0 50,8 70,7 4,93 0 ] 86,0
19 1 45,5-21,5 " |63,8 7,23 0 0 83,7 0,490 28,0 0 0 53,9 63,8 7,24 0 ] 81,5
20 21,5-19,0 " 39,5 10,1 0 0 74,9 0,338 35,7 0 0 62,6 39,5 | 10,1 o 0 61,9
21} 10,0-4,65 " |192 26,6 0 0 j242 33,1 658 0 O |888 192 26,6 0 0 | 243
22 | 4,65-2,15 " 207 26,3 0 0 |25 0,119 3,15 0 0 18,3 | 207 26,3 0 0 | 253
23| 2,75-1,0 " |2I5 35,4 0 0 |274 0,746 3,36 ] 0 17,1 | 234 35,4 0 O | 288
24 | 1,0-0,465 " | 134 34,0 0 0 |1Is7 0,214 3,42 0 0 17,9 | 237 34,0 0 0 | 291
25 10,465-0,215 " | 197 67,5 0 0 {279 0,313 3,09 0 0 16,1 | 409 67,5 0 0 | 496
26 0,0252 " [600 |331 0 0 1941 0,955 9.5 0 0 21,9 |1878 331 0 0 12229
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Table 4 (continued)

£ | fnergy **tn (7189) e (7190) 2%8cm (7191)
[al
g range Z Gnr %02 [Pnn| O | & Gnan O 2n 6a,3n | Ot o 6na~ On,2n {On,3n| Ot
-1 {14,I-I4 MeB }2,I0 | v,U216 |0,175 [0,7 5,61 2,5 p,038 [0,1 10,5 5,741 2,1 0,021 (0,15 |0,8 5,74
0|1 -10,5" (1,88 | u,0218{1,09 [0,I117| 5,77| 2,30 | 0,03924/0,692|0,120| 5,80{ ¥,76 0,02156|1,032 |0,271| 5,81
1|10,5%6,5 " |1,87 | 0,0230 |0.887 |0 6,68 2,34| 0,02168/0.800| © 6.71| 1,89 U,0238 {0,962 | O 6,74
2| 6,5-4,0 1,60 | 0,02418/0,0424{ © 7.29 1,98} 0,02246/0,182| O 7,31 1,5 0,02943|0,0%40 © 7,35
MeV 31 4,0-2,5 1,77 0,02604] © 0 7,04 2,I4] ©,02423] O 0 7,0I| 1,68 0,0233 0 0 7,10
4| 2,5-1,4 " |1,74 | 0,0162 | O ] 7,13 2,16 0,0157| O v 7,11| 1,75 0,0584 | O 0 7,23
51 1,4-0,8 " [I,49 | 00395 0 0 8,07| 2,02 0,0365| O 0 8,08/ 1,55 0,120 0 0 8,24
6 08-04 " |0,305( 0,0806 | O 0 8,35| 1,96| 0,0806 | O 0 9,38] 0,389 | 0,121 0 0 8,10
7| 0,4-0,2 " }0,0795| 0,159 0 0 8,38 1,92| 0,159 0 0 9,89| 0,0778| 0,126 0 0 8,00
8| 0,2-0,I " |0.0628| 0,207 0 0 9,48/ 1,91 0,207 0 0 11,8 | 0,0788| 0,169 0 0 9,12
9 | 100-46,5 xsB|0,0542| 0,255 0 0 |11,2| I,90| 0,2% 0 0 13,3 | 0,0810{ 0,280 0 0 | 10,3
10 | 46,5-21,5 " |0,0500( 0,486 0 o [11,9{ 1,94 0,479 0 0 13,8 | 0,0821| 0,453 | O o | 10,8
II | 21,5-10,0 " |0,0478| 0,788 0 0 |12,2) 1,9/ 0,792 0 0 14,2 | 0,0826| 0,618 | © o | 11,2
kev 12 | 10,0-4,65 " |0,0469| 1,48 0 0 | 12,9 2,52 I,48 0 0 15,5 | 0,0828| 0,818 0 o | 11,7
13 | #,65-2,I15 " |0,0465| 1,90 0 0 | 13,3 3.64] 1,9 0 0 17,0 | 0,0829| 1,32 0 0 | I2,6
I4 | 2,15-1,0 " |0,0463] 2,09 0 0 | 13,5 u4.64] 2,48 0 0 18,6 | 0,0830| 2,11 0 0 | Is,4
15 { J000-465 @B |0,0462{ 2,72 0 o | 23,1105 6,85 0 0 28,9 { 0,170 | 2,55 0 0 | 58,4
16 | 465-215 " 0,185 | 7,15 o 0 | 41,4 17,0 11,0 0 0 39,5 | 0,252 | 6,63 0 0 | 46,6
17 | 215-100 * |0,1I5 ]| 6,92 0 0 | 36,4 20,1 | 13,1 0 0 54,7 | 0,485 | 3,24 0 0 | 39,8
I8 | 100-46,5 " (0,534 |25,2 0 0 | 67,5 52,9 | 30,4 0 0 | 101 1,0 30,0 0 o |213
19 | 46,5-21,5 " [0,0462| 0,035I | O 0 |e21,2] 13,0 8,00 0 0 41,9 | 3,49 (132 0 0 [262
20 | 21,5-10,0 * }0,I25 |19,1 0 0 | 41,3] 22,9 | 17,2 0 0 62,2 | 0,0392] 0,345 0 0 | 14,3
v 21 | 10,0-4,65 " 0,0507| 1,95 0 0 | 239 82,6 | 54,5 0 0 |19 (6,39 |I82 0 0 !224
22 | 4,65-2,I5 " |0,716 |III 0 0 [I3% 7,47 3,56 0 0 30,9 | 0,0308|0,558 0 0 | 13,9
23 | 2,13-1,0 " |0,0434] 0,373 0 0 | 21,0107 36,2 0 0 | 166 0,0450( 0,493 0 0 | 1Ia,7
24 | 1,0-0,465" [0,0417| D,233 0 0 | 19,9 |837 |289 0 0 |[I146 0,0659( 0,894 0 0 | 153
25 10,465-0,215" |0,0486| 0,342 0 0 | 15,4 23,5} 25,7 0 0 63,4 | 0,0968[ 0,901 0 Q | 13,8
Lze 0,0252 " 0,148 | 1,04 0 0 | 12,6] 71,9 | 78,1 0 0 | Ie2 0,295 | 2,65 0 0 | 14,3
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Table 4 (continued)

2 *ne (7192) et (7193) #2%s (719%)
a. Encigy H
g range Gf énx 6.1,zn ("n,'sn Gt 6} 6“3" ("n,Zn 6n13n 6t 6} 6n[ e’n,Zn 6n;ln e’t
(L1 |14,I-I% MoB {1,66 g,01 {0,300 1,1 5,750 2,4 | w021 10,185 |0,%5! 5,7912,5 U,k 10,2 10,55 5,89
‘ 0 14-10,5 " |T,47 | 0,02156{1,48 |O,166 5,87| 2,08 0,U2156(0,966 (0,122} 5,86 (2,24 J,U2156(0,914]0,0741] 5,93
I [16,5-6,5 " |1,53 | 0,u3s |I,08 0 6,791 2,16( 0,0238 {0,865 0 6.79 (2,22 0,02380{0,564| O 6,78
[ 2 6,5-4,0 " [I,25 | 0,UR943{0,u236] O 7,37+ 1,800 U,02943(0,0604 O 7.35(1,95 0,U2943| O 0 7.37
Mev{ 3 4,0-2,5 " [I,33 [ 0,0233| 0 0 7,19 1,89| 0,0233 | O 0 7.10|2,08 0,0233 0 0 7,17
4 2,5-I,4 " |I,22 | 0,054 | O 0 7,25 1,76 0,0584 | O 4] 7,1212,10 0,0584 0 0 7,28
' 5 | 1,408 " 0,702 | 0,120 | © o | 7.4 1,82 0,120 0 0 7.89 |2,04 0,720 ol o 8,35
6 {0,8-0,4 " 10,0536| 0,121 0 0 8,32 I1,5I| 0,I21 0 0 9,24 1,89 0,121 0 Y 9,61
7 0,4-0,2 " }0,0110| 0,126 0 0 8,»| 1,83 0,126 0 0 9,68 1,63 0.126 0 0 9,92
8 0,2-0,I " |0,01%0| 0,169 0 0 9,16] 2,19 0,162 0 0 I1,2 |1,11 0,169 0 0 | 10,2
9 100-46,5 o8| 0,015 0,280 0 e | 10,2 2,431 0,280 0 0 12,6 10,499 0,280 0 o} 10,7
10 {46,5-21,5 " 0,0190{ 0,453 0 0| 10,8 2,73] 0,453 0 0 13,5 {0,143 0,453 0 0 | I0,9
. I1 [21,5-10,0 " |0,0223| 0,618 0 0| 11,1 3,37 0,618 0 o T4,4 [0,100 0,618 0 o[ 11,2
" )12 [10,0-4,65 " {0,0260| 0,818 0 o | II,7 4,24 0,818 0 0 18,3 |0,100 0,818 0 0 | 14,2
I3 j4,65-2,I5 " 10,0304 1,32 0 0| 12,6 6.63] 1,32 0 0 22,5 10,1 1,32 0 0 | 15,0
4 [2,15-1,0 " |0,0353] 2,11 0 0 | I3,7 9,39 2,37 0 0 27,0 |0,1 2,11 0 0| 17,4
15 |1000-465 8B |0,0411| 6,24 0 o| 87| I3,3| 6,66 0 0 35,0 (0,1 7,90 0 0| 23,8
16 | 465-2I5 " {0,0479] 13,5 0 0| 26,9 245 | 12,2 Y 0 | 53,301 18,0 0f © | 347
17 2I5-1I00 " {0,0544! 21,9 0 0 | 36,4 30.8 | 15,4 0 0 63,4 {0,I 26,5 0 0 48,2
18 100-46,5 " |C,0611| 35,4 0 0| s1,2| 42,5 | 17,4 0 0 85,9 |0,1 52,2 0 0| 91,1
79 {46,5-21,5 " {0,0685{ 57,1 0 0 78,6 66,4 | 30,6 0 0 | 123 0,1 129 0 0 | 168
. J 20 j21,5-10,0 " |0,0769|111,4 0 0 | I36 62,2 | 39,1 0 0 | 123 0,1 213 0 0 | 258
eV 21 }10,0-4,65 ™ |0,0864(396 0 0 | 449 80,8 | 30,7 0 0 | 131 0,I 182 0 0 | 202
22 f4,65-2,I5 " {0,0975(526 0 0 | 565 40,5 | 43,3 0 0 | 102 |01 231 0 0 |25
23 {2,i5-1,0 " 10,132 |695 0 0 | 731 154 63,4 0 0 | 240 |01 817 0 0 | 882
24 1,0-0,465" 0,194 [3315 0 0 (3428  [2439 92,8 0 0 (2553 (0,1 |[I7480 0 0 (18490
25 10,465-0,215"( 0,285 |457 0 0 | 553 506 |13 0 0 | 658 [0,1 167 0 0 | 182
tes 0,0252 "{0,868 (1397 0 0 (1417 [I402  [4IS 0 0 |1829 0,7 | 1456 0 0 | T468
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MeV

keV

Table 4 (concluded)

251

g cf (7195) #2652 (7196)

= Energy -

g range 6, Gup  |Snan|Onsn| G | G A A A

-1 [ 14,1-14 MeB 2,40 U,021 0,169 0,552} 5,76 | 2,54 0,03800 | 0,15 0,264 5,715
0 14-Iu,5 " 2,08 0,02I6 |0,954)0,128| 5,8 2,41 U,03924 | 0,468 0,0783 5,86
I 10,5-6,5 " 2,16 0,0238 | I,02 0 6,78 2.53 0,02292 | 0,427 0 6,79
2 6,5-4,0 " 1,80 0,0<¢43 | 0,197 0 7,37 2,23 0,02531 | 0,02075 0 7,29
3 4,0-2,5 " 1,89 0,0233 0 6| 7,10 2,35 | v,02831 0 0 6,99
4 25-1,4 " 1,76 0,0584 0 0 7,12 2,47 0,0148 0 0 7,09
5 I4-0,8 " 1,42 0,120 0 0 7,89 2,04 0,0354 0 0 8,39
6 J,8-0,4 " 1,51 0,120 0 0| 9,24 | ¢,866| 0,0808 0 0 9,01
7 U,40,2 " 1,83 0,126 0 0 9,72 0,196 | 0,145 0 0 8,26
8 U,2-U,I n 2,20 0,169 0 0| 11,2 0,I34; 0,191 0 0 8,37
9 10046,5 xeB 2,43 0,280 0 0| I2,®6 0,124 0,250 0 0 14,0
10 46,5-21,5 " 2,713 0,453 0 0] I3,5 0,186 | 0,402 0 0 20,5
1T 2I1,5-10,u " 3,37 0,618 0 0| Is,4 0,342 | 0,726 0 0 22,2
I2 |Io,0-4,65 " 4,24 0,818 0 0| 183 0,565| 1,56 0 0 24,1
I3 {4,65-2,I6 " 6,75 1,32 0 0| 22,6 0,87I'| 2,26 0] 0 26,0
I4 |2,15-1,0 13,6 2,1l 0 0| 31,0 1,36 2,52 0 0 27,9
I5 |I00VU—465 8B 2I,7 7,90 0 0] 45,4 2,03 2,78 0 0 30;1
16 465-216 " 31,9 18,0 0 0 ( 66,5 3,15 3,75 0 0 32,5
17 2I5-1u0 " 46,8 26,5 0 0] 91,4 12,3 5,94 0 0 41,6
I8 Iuu-46,5 " 68,6 41,3 V] 0 |1I33 22,6 8,62 0 0 55,6
19 [46,5-21,5 " 136 87,6 0 0 | 252 21,1 8,02 0 0 51,6
20 121,5-10,0 " 201 130 0 0 1357 62 I 23,6 0 0 112

21 |10,0-4,65 " | 320 247 0 0 |593 0,457 | 0,I74 0 0 18,9
22 14,65-2,I16 " 320 368 0 0 711 I,00 0,382 0 0 19,9
23 |2,Is-1,0 "™ { 470 438 0 0 (938 2,44 | 0,935 0 0 22,0
24 1,040,465 " 690 1834 0 0 | 2672 5,62 2,84 0 0 27,1
25 |u,465-0;215" | 1013 813 0 0 | 1888 9,61 5,89 0 0 34,2
26 U,0262 " 13087 2473 0 0| 5771 29,3 {18,0 0 0 66,0

-2t -
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Table 5

Errors in single -group radiative -capture
and fission cross-sections

Isotope 6“5‘ Gf
236y 2402 X152
257Np iﬂﬂ iIO%
238py +60% +30%
287 4 +30% +15%
2“5&!: Factor of 2 i‘ZO%
2“20,; - Factor of 2
?MCm - 2307
234y L 115%
236p, Factor of 2«3 Factor of 2=3
2}7Pu _n_ o
242w, Factor of 2 502
28cg - Factor of 2
24503 e %
2489n _n_ iSO%




Single ~group radiative-capture and fission cross-sections
averaged over various spectra

- 34 -

Table 6

Averaged over spectrum

Averaged over spectrum.

Fission Core Shield Fission Core Shield
Isotope p Isotope

6"&" A 6,16, 6 O | G Grg| G 6"5‘ 6 6“3“ 6
2%, |0,10 |0,20 | 0,86 |0,64 | 2,5 | 1,15 || 2*3Pu{0,04 2,05 | 0,45|1I,0 | 0,74 | I,I
2%2m,} 0,10 | 0,07 | 0,50 0,01 | 0,94 | 0,005 || ®**pu | 0, |1I,0I | 0,2 ]0,23 | 0,75 |0,I3
2%y |o,10|1,85 | 0,29 {3,00 | 0,43 | 4,0 [[®*"an/|{0,27 |1,44 | 1.9 |0,31 | 3,1 {0,17
2%y lo0,17|1,22 | 0,68]0,3¢4 | I,2 | 0,20 {|2*®sg 0, {2,2, | 0,42{3,2 |0,73 |3,8
2%%y lo,10|1,23 | 0,7% |2,12 | 1,3 | 3,0 | 2*?av|0,30 |1,04 | 1,8 {0,20 {3,0 |0,I0
236y lp,17 |0,62 | 0,66 {0,II | 1,2 | 0,085 |//®*"cn,{0,03 |2,7 | 0,23|3,4 |0,37 | 4,5
23?7y 10,08 0,69 | 0,39 0,68 | 0,63 ] 0,73 |-®*2cw} 0,03 |0,97 | 0,46 |0,16 | 1,0 { 0,08
2% 0,08 |0,31 | 0,370,047 | 0,73 | 0,®2 |[-2*3¢cn | O, [2,0 |0,39{2,5 |0,% |3,
°3% |o,17 |0.47 | 0,85|0,17 | 1,4 | 0,16 || ®**cn-{0,1I |1,6 | 0,98 |0,42 | 1,6 0,26
240y 15 08 10,23 | 0,42 0,03 | 0,79 | 0,015 |[®*5ce | 0,04 2,0 | 0,46 3,0 | 0,73 | 4,1
237, 40,17 {1,29 | 1,8 0,2 | 3,1 | 0,18 |[ ®*$cw |0,04 |1,33 | 0,46 0,31 | 0,81 | 0,18
236p, 0,05 |2,08 | 0,62 | 1,77 | I,I | 2,1 || ®**%a |0,04 |2, 10,56 {2,3 |I,I 2,9
237py 10,03 |2,94 | 0,24 13,88 | 0,40 5,2 |} **®x |0,05 |1,37 | 0,29 0,31 | 0,62 | 0,16
2385y l0,06 |1,98 | 0,9 | 1,16 | 1,6 | 1,14 |}®*%Bx.|0,08 {0,87 | 0,51 0,17 | I,I }|oO,I
2335, l0,04 1,78 | 0,70 (1,93 | 1.4 | 2,47 |[1'®*%¢:{0,08 |1,7 |O0,5112,8 |1,0 |3,9
240py 10,09 1,33 | 0,51 }0,37 | 1,0 | 0,25 || 25%¢ | 0,08 |2,0 |o0,56 1,0 | 1,3 |o0O,8
241p, 10,12 |1,60 | 0,61 (2,61 | 0,97 3,6 25%¢¢. |0,08 |1,7 | 0,5 |3,1 | 1,3 | 4,7
242p, 10,09 |1,13 | 0,55 | 0,27 | 0,90| 0,15 || 252c¢.|0,04 |1,9 | 0,44 (0,7 [0,7 |0,7

|
Table 7

Spectra used for averaging
Group Energy Spectra used for averaging Group Energy "S%)ectra used tor averaging
No, range Fission Core Shield || No. range Fission Core Shield
1 10,5-6,5Mev| 0,018 | 0,0 0,039 I | 21,5-I0 0,00I | 0,08 0,II4
2 6,5-4 0,095 | 0,0IG 0,25 2 104,65 | O 0,045 0,071
3 42,5 0,188 | 0,®@5 0,012 13 | 4,65-2,I5 | O 0,012 0,24
4 2,5-1,4 0,269 | 0,048 0,®@2 14 | 2,Is-1 0 0,030 0,048
5 1,4-0,8 0,198 | 0,060 0,031 I5 | 1000465 ev] O 0,014 0,030
6 0,8-0,4 0,137 | 0,II3 0,075 16 | 465-2I5 0 0,005 0,016
7 0,4-0,2 0,059 | 0,150 0,115 I7 | 2I5-100 0 0,00I 0,007
8 0,2-0,I 0,23 | 0,I5I 0,137 18 | 100-46,5 | O 0,032 0,002
9 100-46,5 kev | 0,009 | 0,140 0,ISI {f 19 (46,5-2I1,5 | O 0,044 0,037
10 46,5-21,5 0,003 | 0,II2 0,138 20 |2I,5-10 0 0 0,045
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Table 8

The main integral experiments aimed at increasing
the accuracy of transactinide crosg-sections

Cross- Experimental /theoretical . . )
. Isotope ; Brief description of experiment Ref.
section value ratjo
2:?1’“ 0.8130,04 Fission-chamber measurements on ZEBRA514 {28]
243‘-‘ 0-79:0-03 plutonium assemblies, Normalization to 3%,
63‘ 244u 1114';0-04 cross~section, Error components of experi-
Ca 0,74~0,06 mental values are given, Theoretical values
from FGL-5 library data.
a8, . 0,710, Fission-chamber measurem ents on SNEAK -9¢ [29]
6} plutonium assemblies,
241;_‘ (0,5540,75)%0,05 Fission-chamber measurem ents on ERMINE [30]
6 plutonium assemblies in a wide range of
f spectra.
247[“ 0,510, Small-sample reactivity measurements on [29]
4 SNEAK 9c assembly.
G ™ 1,54%0,09 Activation measurements on ZEBRA -14 [31]
np assembly. [32]
237xmp 1,3%0,15 Irradiation of highly -enriched samples in [30]
2391’? 0,95%0,19 PHENIX reactor. Normalization to 238y
238py 0,88%0,03 radiative-capture cross-section. Theoretical
6, 2H2py 0,64%0,05 values trom CARNAVAL-1I library data.
P lasy, 0,92%0,12
24342 0,90%0,10
2¥cn 0,81%0,15
6 <39pu 0,45%0,04 - -

nan
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103 0"

Fige 1 Radiative capture cross-—section
of 23'F(Np
Data: e - D.-StupeFia e.a, (1987 );
1973

0 - H.Lindner e.a. )i —.-— ~[16];
—.—= ERDL-76 (IS75 ); - EEDL (1977
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10° 10" 10° 10° 10’ ByeV

Fig. 2 Radiative capture cross-section
238
of Pu

Data: T ENDR/ 2aA (;967 H
~~~~~ aner e.a. (IS s —e — —EN
(1975 Vi e -Bothomet (1978 Vi T71;
-— L(I977 ) -



- 38 =

103 10" 10° ' B,eV

Fig, 3 Radiative capture cross-section
of 241Am

Data: -{19]); ~=— - ENDP/B—IV(ISGS %
® — L.Wfeaton e.a.(19’75 ); —-— -ENDL-76
(1977 ).—~~—[22].——-BEDL (1977
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Pig. 4 Radiative capture cross-section
of 243Am
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