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Calculation of excitation functions and isomeric cross section ratio of the®Ni(n,p)°¢Co™9
reactions in the 1-20 MeV energy range
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Calculation of the excitation functions and isomeric cross section ratiSNif n, p)°%Co™9¢ reactions has
been carried out using Hauser-Feshbach and preequilibrium nuclear reaction model codes in the 1-20 MeV
energy range, and compared with measurements and previous calculations. The structure in the isomeric cross
section ratio curve in the low-energy region has been investigated. The anomaly of the branching ratio of the
53 keV (4") state to the isomeric states has been resolved by using more precise formalismyerfathe
transition probabilities available in the literature for the continuum and discrete levels.

PACS numbg(s): 24.10—i, 24.60.Dr, 24.60.Gv, 25.40.Hs

Precise knowledge of the excitation function of thein the low-energy region has also been investigated. The out-
%8Ni(n, p)>8Co reaction is desirable for application in fission standing anomaly of the branching ratio of the 53 keV (4
and fusion technology as well as in fast neutron dosimetrylevel to the isomeric states has been successfully resolved by
The study of excitation functions of isomeric states is usefulsing a more precise formalism of transition probabilities
for fusion reactor technology and for radionuclidic purity of for the continuum and discrete levels.
medically important radioisotop€&]. The calculation of ex- The present nuclear model calculations were carried out
citation functions of isomeric states and, therefore, of theusing theHFMoD code [19] for Hauser-Feshbach and the
isomeric cross-section ratio is sensitive to theransition = PREMODcode[20] for preequilibrium calculations. Wilmore-
probabilities[2,3]. This is particularly true of the low-lying Hodgson[21] potentials were used for neutrons and Perey
states which are, in general, highly populated due to the dd22] potentials were used for protons. Potentials dopar-
cay of all higher states to these states. A large number dicles were taken from Avrigeanet al. [23]. The back-
measurements of the isomeric cross section ratio and the eghifted Fermi-gas model based on the formalism of Dilg
citation function of the®®Ni(n,p)8Co™ reaction[4—16], and et al. [24] was used for energy-level density calculations.
their calculationd2,6,17 have been reported. Most of the The values of energy-level density parameters were taken
previous calculations of the excitation functions and isomeridrom the published literaturf24,25. A rigid body moment
cross-section ratio of th&Ni(n,p)°8Co™9 reactions were of inertia was used for nuclei. The transition probabilities
carried out using various versions of theaprREcode[18].  were calculated using the formalism of Kopecky and Uhl
In the present work these calculations are done using diffef-26] which is based on Lorentzian expressions bt and
ent codes and the structure of the isomeric cross-section ratl2. The information on the discrete energy levels was ob-
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tained from Refs[27-29. 32 discrete levels were used for lation of the isomeric cross-section ratio is compared with
8Co up to 2 MeV. reported measuremenit®,4—7,9-12 and the calculation of
The calculation of the excitation function of the Buczkoet al.[6]in Fig. 3. Where direct measurements of the
®8Ni(n,p)°&Co reaction is compared with reported measuredisomeric cross-section ratio were not available these values
ments[4,6,30—3% and the calculation of Buczket al.[6] in were deduced from the available data on the cross sections of
Fig. 1. The present calculation is in acceptable agreemerihe two isomeric states. The data in 13—15 MeV energy re-
with the measurements. The calculation of the excitatiorgion are highly discrepant and except for this energy region
function of the %Ni(n,p)°8Co™ reaction is compared with the agreement of the calculation with the measurements is
reported measuremer(t$,6,8,11—-16 and the calculation of acceptable. The measurements in the lower energy region are
Buczkoet al. [6] in Fig. 2. The measurements of Meadows shown on an expanded scale in Fig. 4 and are compared with
and Whalen[4] were deduced from their data of the the calculation labeled as Ratio-1. The calculation shown as
®8Ni(n,p)>&Co reaction and isomeric cross-section ratio. Ex-Ratio-2 is the ratio of the inelastic scattering cross section of
cept for the data of Venniagt al.[11], the agreement of the the 25 keV (5) isomeric state to the compound elastic-
calculation with the measurements is satisfactory. The calcuscattering cross section. We observe that there is one to one
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correspondence in the structure of the two curves. In thisatio[36,37]. In the present calculation no assumption of the
energy region ther-a cross section is very small and the branching ratio was required to get a good fit to the experi-
reaction cross section is shared between ¥éi(n,n)°®Ni  mental data. This was due to the use of the improved formal-
and 8Ni(n, p)éCo reactions. When the incident neutron en-ism of Kopecky and Uh[26] for the calculation ofy tran-
ergy just crosses the threshold of the excitation of the firsgition probabilities for the continuum and discrete levels.
level of ®Ni at 1.45 MeV, a new channel opens up resultingTh'S formalism gives the branching ratio of the 53 keV' {4

in the decrease of the cross section of #8li(n,p)%8Co  State to the 25 keV (5) state as 31%E2 + M1) and that
reaction. This decrease in the cross section predominantfp the ground state as 69%%) which are in good agree-
comes from the excitation of the ground state’®€o result- ent with measured values of 29% and 71%, respectively
ing in the raising of the isomeric cross-section ratio value a£36]' . :
observed at about 1.6 MeV. Similarly the structure at about In conclusion, a satisfactory agreement between the cal-

2.6 MeV arises from the onset of the excitation of the 2 459culation and the measurements of the excitation functions
. . . . _ . . . 5

MeV level of ®&Ni. There is some indications of structure in and 'ghe ISOMErIC Cross section r_atlo of .tﬁ%\“(n'p) “Co .

the measurements at these energies. reaction has been obtained by using the improved formalism

An important point of discussion in the calculation Con_for the calculation ofy transition probabilities and the out-

cerns the branching ratios of the 53 keV'(4state to the 25 standing issue O.f the pranchmg ratios of the 53 keV')4
keV (57) and the ground (2) states. In the previous calcu- state to the two isomeric states has been resolved.
lations[4,17] it was shown that the measured branching ra- The present work was carried out under a grant from Pa-
tios gave lower cross sections for the 25 keV {Gsomeric  kistan Atomic Energy Commission. The author is grateful to
state and correspondingly lower values for the isomeric crosBr. Ishfaq Ahmad and Dr. Nisar Ahmad for their keen inter-
section ratio. A very large branching ratio of the 53 keV est in the work and to Professor S.M. Qaim for his encour-
(4™) state to the 25 keV (5) was required to fit the data agement. The availability of the online nuclear data services
which was grossly inconsistent with the reported branchingf the IAEA is acknowledged.
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