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CALCULATED NEUTRON-ACTIVATION CROSS SECTIONS FOR E, < 100 MeV
FOR A RANGE OF ACCELERATOR MATERIALS

M. Bozoian. E. D. Arthur, R. T. Perrv. W. B. Wilson and P. G. Young
Los Alamos National Laboratory, Los Alamos, New Mexico, USA 87345

Abstract: Activation problems associated with particle accelerators are commonly dominated by reactions
of secondary neutrons produced in reactions of beam particles with accelerator or beam stop materials,
Measured values of neutron-activation cross sections above a few Mev are sparse. (alculations with (he
GNASH code have been made for neutrons incident on all stable nuclides of a range of eleinents comy.ion to
accelerator materials. These elemnents include B, C, N, O, Ne, Mg, Al, Si, P, S, Ar, K, Ca, Cr, Mn. Fe. Co,
Ni, Cu, Zn, Zr, Mo. Nd and Sm. Calculations were made for a grid of incident neutron energies extending
to 1IN0 MeV . Cross seciions leading to the direct production of as many as 87 activation products for each of
84 1arget nuclide were tabulated on this grid of neutron energies, each beginning with the threshold for the
product nuclide's formation. Multigrouped values of these cross sactions have been calcuiated and are heing
integrated into the cross-section library of the REAC-2 neutron activation code. lllustrative cross sections

are presented.

(medium-energy neutrons, neutron activation, accelerators)

Introduction

Neutron activation rates are calculated as the integral over neu-
tron energy of the product of the neutron flux ard activation
cross sections. Tliese radionuclide production rates can be used
in a radionuclide inventory code to calculate the temporal in-
ventory of coupled radionuclides followin; a specific irradia-
tion hisiory. Versions of the CINDER! and ORIGEN? codes
are typically used for such calculations in nuclear reactor ap-
plications. The REAC code®-?, devalaped by Fred Mann at
HEDL, has been used for tle past ciglt years for medium-
energy neutron activation calculations fur a variety of magnetic
fusion energy (MFE) studier and the Fu:ion Materials Irradia-
tion Test Facility (FMIT) design stu.lv. ‘The code's multigroup
cross-section library extends to v ‘[eV and consists inainly of
dats caiculated with the nuclear systematics code TIIRESH-
11.% with data processed fromn ENDF/B-V? and other evalu-
atious used where available. ENDF/B-V contains evaluated
neutron reaction cross sectlons for neatron ~nergies E, <20
MeV.

The design study for the 100-MeV H~ Ground Test Accel-
erator facility { GTA) has required the development of a library
of cross sections for REAC extending to a neuti )n energy of 100
MeY and couslsting of processed ENDF/B-V data extended or
supplemented with reaction data obtained from nuclear reac-
tion physics model code calculations. These calculations aud
their resnlts, as well as comparisons to avallable data, are de-
sriibed in the sections that follow.

GNASH Calculations

GNASH Input Parameters and Data

The streanalined version of GNASIL® lucluding evaporatlon
aud preequllibrinn models, was used for producing the comipos-
e spectra and individual reactlon data for the uentron activa-
ton of vighty-four target suclides lu the rauge 5 < 7 < 62 and
incldent neutron energles En < 160 MeV. The following were
the connon (iN ASI modelmg features ol 1he cases executed:

v amadal luadadad a waelane suefasa 1umilal

guishability memory factor iraplemented in the emission
rate formula;

e preequilibrium model augmented with multistage pree-
quilibrium modeling® which follows as a logical exten-
sion of the master equation basis of the GNASH exciton
model;

e Ignaytuk level density was selected;

e each neutron activation target was described by two sep-
arate calculations based on energy range;

- for the eleven incident neutron energies E, = 0.5,
l.,2,3.,5, 75 10., 12.5, 15. and 17.5 MeV an
emitted.particle energy grid AE of 0.25 MeV was
used; a maximum of 15 compound nuclides (AZ=3,
AN=3) were allowed to be formed.

= for the seventeen incldent neutron energies E,, = 20.,
25%.,30....., 100 MeV an emltted pasticle energy grid
AE of 1.0 MeV was selected; a maximum of 54 com-
pound nuclides (AZ=68, AN =9) were allowed to be
formed.

e compound systems formed were allowed to decay by gamma,
neutron, proton, deuteron, triton and a-particle emission;

e addltional data describing

~ ground-state masses,
- separation energies,
- spins and paritles,

- transinlssion coefficlents and inverse cross sections
hased on various optlcal model calculations,

- gamma decay level luformation extracted from the
CDRLS2 fle,!° and

- optlonal direct reaction crons sectlons were naed,

ONASH Results

Table 1 lists the target nuclides for which GNASI calcula-
lious were made. ldentlfied for each target ln Table | are 1he

vertlelan anil noelldas farmail for whilel aradaelion vroee o,



combined Gy ADIL OUTPIL NICS 10T CACI YATEEL WETE (HLETIURAL U
with a utility coile READGN to accumulate cross sections for
the productiun of each product from all reaction paths gen-
erated in the -alculation, resulting in » machine-rcadable file
of cross-section valies beginning at the threshold value and a
plotting file for the local MAPPER 4 0 compater graphics soft-
ware,

Comparisons with Measured Data

GNASH calculations have been made for this set of nuclides
because of a geueral absence or sparsity of measured cross sec-
tion data. The recently published 1987 IAEA Hand! k on
Nuclear Activation Data!! identifies ten standard moi. r re-
actions for neutrona, of which three are reactions calculated
in this study: also listed are cross sections below 20 MeV for
some 206 reactions. including some common to the data set
described here. Aduitional data are accumulated in the ear-
lier 1973 1AEA 1landbook!?, and a variety of neutron-reaction
data sources are identified in the IAEA CINDA compilation.'?
The EXFOR computer data library of experimentally measured
neutron induced reaction data. available from international nu-
clear data centers, also list cioss-section and other data ex-
tending beyond the typical 20-MeV limitation. To illustrate
th~ validity of the magnitude and energy-dependent shapes of
calculated reaction cross sections, we compare calculated re-
sults of reactions for which tliere exist appreciable meusured
data and results of other calculations.

Figure 1 coinpares the 2C(n,p)'?B cross section calculated
with GNASH and the measured data of Kreger and Kern'4
and Rimmer and Fisher!3. Figures 2.6 compare GNASH cal-
culated (n,2n) cross sections for '2C, '“N. '*0. %Cu and "Mo.
respectively, with the data of Brill et al.,'s. Brolley et al ,'7,
McMillan and York,'®, and Furguson and Thompson.!? Figure
7 shiows tiie GNASH results for the 7 Al(n.x)3*Na cross sec.
tion, accumulated from 27 Al{n,a), 7 Al(n.a *He) and 7Al(n d
d) contributions. This calculated cross section is compared with
the data of Bayhurst ei al.? and with ENDF/B-V. Also shown
is the REAC data for this reaction, consisting of multigrouped
ENDF/B-V data extended with the shape of THRESH-II re-
sults. We have extended ENDF/B-V with the shape of GNASH
results, resulting in a much better agreement with the Bayhurst
data over it's limited range.

Conclualona

GNASII has been used to calculate cross sectlonc for about
G000 nectron-luduced nuclide production cross sectlons for the
cighty.four stable target nuclides of 24 elemants common to an
accelerator environment. Simplificatlons to the GNASH code
liave been employed to permit the calculation of data for this
rarnge of nuclldes. Comparisons with limited measured data
indicate uncertaintles of about a fector of 2, These dita are
currently being used at HEDL to extend the REAC-2 cross-
sectlon library.
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Fig. 6 GNASH results for #Na production from neutrons on ZAl



