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NEW EVALUATIONS OF NEUTRON CROSS SECTIONS FOR "4N AND 160
G. M. Hale, P. G. Young, M. Chadwick
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Los Alamos, New Mexico 87545 USA

and
Z.-P. Chen

Qinghua University, Beijing, PRC

Abatract: New evaluations of the neutron cross sections for 14N and 160 have been made
for ENDF/B-VI. The cvaluations are based at low energies on R-matrix analyses of reac-
tions in the 15N and 170 systems, and at higher energies on GNASH calculations and ex-
perimental data evaluations, including covariance analyses. The !3N system R-matrix
analysis includes dam from reaction) among the channels n+14N, p+14C, and a+!!B aten-
ergies corres ing t0 excitations in 15N below Ex=13 MeV. resonance structure of
all cross sections ir this energy range is fairly well reproduced. New dam indicate a differ-
ent J-value for the first reso.iance, ver. Sub-threshold S-wave levels required to ex-
lain the large n+14N total and elastic cross sections near zero energy give scarterin
engths that differ significantly from the previous values. The R-marrix n.nlfym of the '78
system includes many new measurements of the n+!80 total cross section, done primaril
at Oak Ridge and at Karlsruhe. The resonance structure of all the cross sectons [total,
{(n,n), (n,a), and (a,a)] is well represented by the fit in the region below Eq = 6.5 MeV.
The new total cross section information gives different positions for some of the reso-
nances and implies a different normalization for .2 (n,a) cross sections than that obtained

in the ENDF/B-1V analysis. The evaluatdons at
analyses incorporate results from a number of

ENDF/B evaluations. E

encrgm above the ranges of the R-matrix
experiments performed since the previous
ially important are new measurements of the total cToss sec-

tons and differential elastic, inelastic, and gamma-ray production cross sections.

(14N, 160, ncutron-induced reactions, R-matrix analysis, data evaluation)

Introduction

Because of renewed interest in the wranaport of neu-
rons in air. encouraged by a Nadonal Academy of Sclences
study of radiation effects in the eurly above-ground nuclear
explosions, we have re-evaluated the neutron cross sections
for 1N and !60 for ENDF/B-V1. The evaluatcns are based
at low energies on R-marrix analyses of reactons in the !N
and !70 systems, and at higher energies on GNASH calcu-
ladons and vaniance-covariance fits to the experimental data
We will first discuss the R-mamrix analyses that were used to
provide the low-cnergy cross sections, and then briefly
summarize the experimental data evaluations that were used
at the higher energies.

The 3N system R-matrix sis includes data from
reactions among the channels n+14N, p+!4C, and a+!!B at
ener\pn corresponding to excitadons in 13N below E, = 13
MeV. The channel configuradon for the analysis and a
summary of the data included for each reaction are given in
Table 1. The n+!4N total cross section fitted was a
smoothed composite (1] of experimental measuréements made
in the years 1950-1970, and the ?I‘I&:{c ln'ulu distribudons
were Jsou of Fowler et al. (2], p.n)1*N angular diatri-
butions (3} provided important information about the values
of the dominant n-!14N channel spiny for the resonances,
since the coublet-doublet and quaret-doublet mansidons give
shapes that have opposite sign.

The resonance structure of all the data in this e re-
gion is fairly well reproduced by the analysis, which was
started with resonance purameters from the tabulation of
Ajzenberg-Selove (4], Some changes in the level assign-
ments were lu‘ulmd inthe range Bx = 11.9- 1.3 MeV, and
an additional 1/2* level was found at Ex = 11.96 MeV in
order o improve the fit to the total cross secdon, as is shown
in Fig. 1. first resonance visible in the total cross sec-
tion at Ep = 0.43 MeV was assurnad to have JX=372°. High-
resolution measurements of o1 just completed by Harvey
and Larson [3] Indicate that 1t is consistent with Je7/72,

however. These new datw, along with elastic scattering an-
gular distributions that will be measured at ORELA this
sgmmer. undoubtedly will permit further refinement of the
13N resonance parameters. Some results of the !SN R-ma-
trix analysis, and the ted n+14N cross sections at low
energies are therefore likely 1o change in the near future.

The region below the first resonance i also interesting
because of Lhe ratid rise of the elastc and total cross sections
with decreasing enorgy. This behavior coul{ only be ex-

lained (and not entirely satisfactorily) by the presence of
evels below the 1. +!4N threshold in both the J=1/2 and
J=3/2 S-waves. The resulting fit gives nearly equal S-wave
scattering lengths, so that the low-energy scattering cross
section is only lliI!lhtly larger than the coherent cross section,
The J=1/2 scattering length is quite different from the one
oblined by Mughabghab ¢/ al (6], having been at one point
in the analysis larger than the J=3/2 scaitering length.

Table 1. Channel configuration and daw summary for !SN
sysiem analysis.
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n-N Y i g
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R:-Matrix Anglvsis for the ’Q System

The K-matrix analysis of the 70 sysiem s an exten-
1ive update of the one used to provide croms sections at en-
ergies up to 6 MeV for the ENDE/B-1V evaluation, The
channel configuration for the analysis and a summary of the
data included for cach reaction are given in Table 2. Muny
ne'v measurements of the n+!80 total cross sectio-, done
primarily at Osk Ridge (7] and at Karlsruhe (), were in.
cluded, as well as new measurements (9) of the differential



elastic cross section and polarization at neutron energies
berween 2 and / MeV. The resonance structure of all the
cross sections is well represented by the 45 R-matrix levels
included in the fit a1 energies below Ey = 6.5 MeV, as is il-
lustrated in Fig. 2. The level structure found agrees for the
most part with the recommended data, [10) but with different
parity assignments for some of the resonances and minor
differences in positions and widths for the others. The new
total cross section information gives a different position,
especially, for the first resonance at E, = 435 ke'’, and im-
plies a different normalization for the (n.a@) cross sections
than that obtained in the ENDF/B-IV analysis.
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Fig. | Neutron elastic scatiering cross section for 4N at
enersies up to 0.8 MeV (top) and at energies between
(2.8 wd 2.3 MeV (bottom). The solid curve is tthe
R-matrix fit, and the points are 2xperimental data. 111

Table 2. Channel configuration and data summary for |70

system analysis.
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Fig. 2. Neutron total cross section for 160 at energies :/r 0
Y MeV (top) and at energies between 3 and 6 MeV
(bottom). The solld curve is the R-marix fit, and
the pointa are experimental data. 12)



Experimental Data Evaluations

Above the thresholds for inelastic scattering, the 4N
(Eq 2 2.30 MeV) and 160 (3, 2 6.25 MeV) evaluations are
based on analyses of the available experimental data, sup-
plemented in regions where data are unavailable by Hauser-
Feshbach statistical theory calculations. For both isotm
important new differential elastic and inelasuc scatering
as well as gamma-ray production measuremenis were in-
cluded in the evaluations. Hauser-Feshbach statstical theary
(GNASH) calculations were used to interpolate and extrapo-
late the dam at higher energies.

In the case of n+!4N, major experiments completed
since 1973 include measurements by ine eral. [11] of
neutron elastic and inelastic scattering angular distributions
to the lowest § excited states of 14N for incident neutron en-
ergies between 7.7 and 13.5 MeV, plus several other meas-
urements spanning the energy range from 4.3 to 25 MeV.[12)
New information on neutron inelastc scanerin’ “ 1o Eq=
20 MeV is provided by the measurements of Nelson ef
al. (13] and Auchampaugh and Wender, (14) as well as
extensive double-differential neutron emission measurements
for Eqa 14 MeV. [12] A comprehensive new measurement
of 14N(n,p) and 4N(n,a) cross sections to discrete siates by
Morgan ¢t al. (15] up 10 Eq = 14 MeV is useful for the exper-
imental dam evaluation as well as the R-matrix studies.

The only major new total cross section me 1surement, [16]
covering the energy range Ep = 0.97 1o 5.3 MeV, is in
substanoal disagreement (~14%) with older, ision mea-
surements and was not included in the ENDF/B- V1 evalua-
tion. Consequently, only minor cha 5.“ were made in the
evaluated (ol cross section above 2.5 MeV. However, the
new ORELA measurement of the 4N total cross section (5]
will be incorporated into the present analysis as an update to
the ENDF/B- VI evaluation.

The n+14N elastic scattering cross section between 2 and
20 MeV ig illustrated in Fig. 3, where a comEleon il"iven
between the experimental base and the ENDF/B-V and
ENDF/B-V1 evaluatons. Note that the cross secuon has in-
creased by some 9% near E, = 14 MeV,

Several new neutron (otal cLoss section measurements
for '60 [12) have become available since the previous
ENDF/B evaluation. Most important for the present experi-
mental (and R-matrix) evaluations is the measurement of
Cierjacks ¢f al. (8) To obtain average wotal cToss sections, we
performed a variance-covariance analysis of all the available
data, and then relied on the higher resolution measurements
(e.5., Ref. 9) 10 define local structure. Important new dif-
ferential elastic and inclastic scattoring measurements have
also become availeble, [12] esprcially the precision data of
Borker ot al. (17) inally, several n + 160 gamma-nay pro-
duction measurements have been completed since the last
ENDF/B evaluation, and one very recent one [13] contributed
significantly to the present work.

Canclusion

The new ENDF/B-VI evaluations of neutron-induced
reactions on 4N and 180 at energies between 10-11 gad 20
MoV are overall improvements on the previous evaluations,
We believe the results for 160 10 be significantly berer over
the whole energy range, where the new tctal cross-section
information has given firmer positons and shapes for the
resonances and improved consistency with the reaction data.
The shift in position of the first oxygen resonance and re-
vised normalization scale of the (n,a) reaction cross section
may have important bearing in nuclea data applicatons,

The results for the low-energy (S 2.5 MeV) nitrogen
croas sectons are relatively more uncenain in the light of the
new total cross-section measurement ($) at Oak Ridge. We
know already that the J-value of the first resonance dlffsn
from that used in the evaluation. Refinements of the n+ 14N
cross sections based on these data and new measurements of
the differential elastic scatering cross section will Y incor-
porated in an updated evaluation in the near future.
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