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Various theoretical calculations of radionuclides in the reactions “Mo(n, p)g4Nb,
1°tiAg(n,2n)1W’”Ag, 1s112u(n,2n)150mEu, 1s31h(n,2n)1628+m2Eu, 1cgTb(n,2n)158Tb,
187R,e(n,2n) lMmIk, 17g11f(n,2r*,)17sm21{f,1g31r(n,2n)*g2mzIrarc compared, We nor-
malize th~ theoretical results to the evaluated experimental data at 14.5 McV, and
take their average. ‘1’hisyields averaged theoretical excitation functior~s for tlw pro-
duction of the various radionuclides at neutron energies ranging from threshold to
14,5 MeV. We discuss differences htwcen the various thwmtical results, and between
theory and data where they exist, our theoretical results may k used in conjunction
with experimmtal data to produrc evaluated radionuclide production cross sections
for neutron cncrgics lower than !4.5 McVI
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1. INTRODUCTION

The Irlternational Atomic fhcrgy Authority (IAEA) Nuclear Diita Section has
established a Coordinated Research Programme (CRP) on activation cross sections
for the generation of long-lived radionuclides of importance in radioactive waste prob-
lems in fusion reactor technology. A number of reactions of particular importance
\vere selected, axld the CRP organized both experimental and theoretical efTorts to

determine product ion cross sect ions for these reactions. The first Research Coordi-
nation hleeting ( RCh!) was held in Vienna in liovember 1991 and experimental and
theoretical results were presented [1]. On the basis of this first meeting, priorities for
future work were established. l?urther measurements and calculations were presented
at the second RCh4 of the CRP, held at Del Mar, California, April 29-30, 1993, A
number of different groups have performed theoretical cross section calculations, and
at the Del hfar lneet ing a recommendation was made to perform an int ercomparison
of the theoretical works, This in~ercomparison was performed at Latvrence Livermore
National Laboratory.

A comparison of theoretical calculated cross sections for the production of ra-
dionuclides should play a number of useful roles: it identifies cases where discrep-
ancies exist between calculations and therefore stimulates furt ht’r theoretical work
to understand (and hopefully remove) differences; tile colnparison yields cpreac!s in
theoretical calculations tvhich can he interpreted as unccwtaintim in the calculations;
and the avmagcd theoretical results can be used, with data wlwrc it exists, to provide
evaluated cross sections at energies lower than 14,5 hfeV,

As there is often only sparse experimental information on production cross sec-
tions of radioactive nuclides at energies Iowcr than 14.5 h!eV, tl)cwretical calculation
of the shape of the cxcitatio]l functions for the protiuction of these nuclides cp.n be
very useful. Such calculations are often normalim.1 to the expc’rilnent,al value at 14.15

MeV, and t!]ell used to obtain cross sections at loww incide]lt I]eut,ron mcrgim. h
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theorctica] excitation funct,iolls for each rc’actiol~, l’or st)tne rmct ions thr’re does exist
expcrinwnt al data at Iowm nout ron mmgim, Aphrt froll) conl],wnting on how tllr
calculitt, ions coln]xm* with tile data, wc do not includv this information ill our work,
‘1’IIIIs, ill CM(*Swhere tllrrr is did a at ucutro]l c’llt~rgios lower (lliin 14,5 hleV, fur
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reader to the ,~arious contributing authors for specific details of the calculations (and
see l{efs. [1-6]).

In section 11 we describe our method of intercornparison, and in section 111 we
present our results in both graphic and tabular form, and make some observations
on them. In section IV we present our conclusions and recommendations for further
~,ork.

II. INTERCOM PARISON METHOD

Various groups have determined the radionuclide production cross sections with
differing methods, and consequently obtain differing results. We decided to combine
these calculations by normalizing each calculation to the evaluated 14.5 N!eV value,
and determine their average, This produces an average theoretical excitation function
for each of the reactions, from threshold to 14.5 MeV. One could examine the various
assumptions made in the calculations (optical potentials, level densities, preequilib-

rium models, etc) and assess the accuracy of each calculation. This would be a usefd
task to perform in the future. But for the moment we have used equal weighings for
all calculations when obtaining the average, Our procedure is thus:

● Normalize theoretical calculations to the 14.5 h4eV evaluated values of Vonach
et al. [7, S]4

● Produce sp]ined fits of each set of calculated excitation functions and obtain

theoretical values on a common 0,5 hfieV-spaced grid

. Average the various theoretical curlws on this same conlmon grid of energy values

Ill. R12SUL’I’S

In figllrcs 1-8 wc SIIOWthe various t,hmmtical calculations and tile ~v(~rii~cd the-

oretical value, for the I)roduction cross scctiol)s of t,llc various racfiolluclicics. The
averaged valurs are shown in numerical form iu ‘1’a,ble.1,

011 the basis of these con)pnrisons w tIIalw the followiilg OIHt’~ViltiOllS:
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these cases the theoretical calculations consistently exceed the measurements by
a factor of 2, or more.

3. It is interesting to note the very different shape of the lTgHf(n,2n)178’n2Hf conl-
pared to the other (n,2n) excitation functions. This is due to the extremely
high spin (16+) of the isotner, and the calculations of {;hadwick et al. [2] and
Ignatyuk et al. [3] agree closely.

IV, CONCLUSIONS

The theoretical calculations of production cross sections of the radionuclides de-
scribed in this paper can be used to obtain evaluated cross sections for neutron en-
ergies below 14.5 MeV. But before this can be done, a number of inconsistencies
must be addressed. Firstly, the nuclear model calculations should be compared in
detail to understand why differences are obtained in certain reactions. Secondly, the
large discrepancies between theory and experiment near threshold in the reactions
151Eu(n,2n) 150mEu, ‘5gTb(n,2n)158’l’b, and 1°9Ag(n,2n)10smAg should be understood.
Mre plan to report on these two tasks at the final RCN4 of the CRP,
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‘IhbleI. Numerical valuts fw avcfqgcdtheodcd cross =tions (rob).

‘Ihble 1:

WEV)‘1 #2 #3 w #5 M w
(EW m

8.0 1.16 26.60 3.24 4.0 O.(M

8S 5769 57.87 la) m 18.70 5.0 (k%
.,

90 212.81 55.19 300.93 183.00 001 39m 6.0 2.a

9s 7s 384a 247.74 6W.W 254.m Q*2 6330 7.0 4.71

).0 77.17 562.m 525.2a 1059.02 319.al 033 87.10 8.0 8.56

105 152.22 732.m 771.46 1344s1 3MMI0 M2 lam 9fl 13.13

11.0 2n.54 876.89 965.89 1535A8 429.(KI 1.01 125.m 10.0 1951

115 366.04 w.%) 1125.82 1672.44 463.(U) 151 136.(KI 11.0 27.85

12.0 448.87 1075.60 125126 1768J39 491.W 207 145.00 12.0 37.77

125 524.63 1138.42 1354.75 1834A8 515.al 269 1s4.0 13.0 47.(D

13.0 5M.93 1187.13 1433.15 1876.92 542.00 3.40 lam 14.0 53.m

13.5 634.37 1229A4 1495.87 l!ml.99 5dMo 4.24 174.00 14.5 54s0

14,0 672.60 1261A9 1539.78 1917A3 574.m 5.23 182.0

14s 708.UI lm.m 1568.0 M2!m 592mw 629 M&al

Reactiom are labellcd as follows:-

#1 1WAg(n,2n) l%ig (6+)

#2 1s1Eu(n,2n) 15hEu (5-)

M 153Eu(n,2n)15*+% (3-,8-)

#t 1%’b(n,2n)15%’b(3-)

#5 1mRe(n,2n) lWRe (8+)

#6 *79Hf(n,2n) 17=Hf (l-)

#7 1%(n,2n) 1*% (9+)

U8‘Mo(n,p)%W (*)


