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E. D. Arthur

CALCULATION OF REUTRON CROSS |uduous FOR TUNGSTEN ISOTOPES 1

Los Alamos Sciemtific Laboratory
Theoretical Division
Los Alamns, New Maxico 87545 U.S.A.

C. A.

Philis

C. E. de Bruyeres-le-Chatel, CEA
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[Neutron Cross-Section Calculations, 9219301840188y .2.20 MeV, 0(E), Hauser-Feshbach, Preequilibrium, Coupled-

Channel Methods]

Neutron-induced cross sections on tungsten isotopes have been calculated in the energy

range between 1 and 20 MeV uging preequilibriim-statistical wmodel techniques.
/ich form part of sn effort to improve the evaluated neutron and

of these calcu'ations,

The success

gsmma-ray production cross secticns for tungsten appearing in ENDF/B, depends strongly on
the determination of consistent input parsmeter sets applicable over the entire range of

interest.

For example, neutron optical model parametere have been derived through a si-

multaneous analyvais of total cross sections, resonance data, and angular distributions.
These psrameters, when used in multistep Hauser-Feshbach calculstions, produce good agree-
ment with varied experimental data such as neutron inelastic scattering excitstion functions

snd (n,2n) cross sections,

Likewise, gamma-ray strength functions have been determined

through fits to neutron capture data that produce calculated results that compare

well to measured gamma-ray production croas sections.

used in such paramster daterminations as well
to experimental data will ba presanted. 1

Preliminary calculations of neutron-induced croas
sections on tungsten isotopes have been made using pre-
equilibriur statistical model techniques from 0.2 to 20
MeV, This effort compriges part of a new tungsten eval-
uation’ which hopefully will correct problems in the
present ENDF/B evaluation arising from energy imbalance
at several energies.

The determination of neutron optical parameters
plays an important role in the present calculations
since parameters are needed which realistically de-
scribe low energy neutron emission such as in (n,2n) re-
actions vhile also producing reasonable valnes for com—
pound nucleus formation cross sections at higher ener-
gles. To produce such parameters, we adopted the fol-
loving approach. Since the tungsten isotopes are de-
formed, we determined the direct inelastic cross sec-
tion from scattering off low lying collective states
through use of coupled-channel calculations. This
cross section was then subtracted from evaluuated values
of the experimentzl tutal cross section and en effort
was made to fit this remainder using the spherical- ‘
optical model with realistic parameter values. By do-
ing so, we asought to saparate compound and direct I
Teaction effects so that reaction cross sections de-
termined from these optical parameters would in fact
Tepresent mainly the compound nucleus formation cross
wection. In this manner, Hauser-Fashbach calculstions
could be made without having to adjust the formation
crosa section to account for direct effacts mot in- |
cluded in the reaction mechanism.

To determiuve direct inelastic scatteripg cross lﬂé'
tione from the 2% and 4 rotational atates of the even'
tungsten isotopes, ve used the JUPITOR? coupled chan- :
nel program along with deformed neutron opticsl parame-
ters and 82. Ba values daterminad by Delarochs.! We i

then took recent evaluations of the 92188188y 004y
cross sections bssed mainly on new measurements of Guen-
ther® as well ap those of Fostar' and subtracted these
calculated direct inalamtic acattering contributions.
For %% we used an gyerage of tha evaluated total i
cross sections for '*2w and ‘84W and subtracted contri-
butiona from direct_inelastic acattering to the 1/27
3/2, 5/2, and 7/2 1lavels.

As an exampla, the wubsed

A deacription of the techniques
comparison of calculated results

gquent spherical optical parameters determined for 104y

are shown in Table I.

Along with this effort, we also extracted aggroxi-
mate gamma-ray strength functions from fits to 1820183
1840186y 0n,y) cross sections. In doing so, we assumed
e glant dipole resonance form consisting of one Lorentz
shape whose width and location were adjusted to approx-
dmate the double Lorentz shape which exists becaute of
deformation effects. We did not attempt, for these pre-
liminary calculations, to include refinemsnts such as
the pygmy resonance and/or dip occuring for sy % 6 MoV

in the shape of the strength function. Our present
jpamma-ray st~ength functions enabled us to describe ef-
ffectively gamma-ray competition to neurron emission,
which is important especially around the (n,2n) reac-
tion threshold.

To test our choice cf neutron optical model and

amma-ray strength funciicu parameters, we performed

o sets of calculation., one for incident neutron ener-
ies below 5 MeV and one for energies from the (n,2n)
hreahold up to 15 MeV. The latter calculations alao
rovided information concerning the suitability of the
ilbert-Cameron level density parnm:tera’ used through-

t the calculations., Figure 1 illustrates results ob-
ained for W from optical model and width-fluctua-
ion corrected Hauser-Feshbach calculations using the
ptical parameters of Table I. For the calculations

f the total cross section and the excitstion cross

Table 1. Spherical Optical Model Parameters
| for n + %%y
=
i r(f fm
l V(MeV) = 55,.2-0.13E 1.1 0.45
' HSD(HeV) = 5,240.23E 1.<09 0.4
rbove 6 MeV
. HSD(HeV) = 6.6
l Vgo(MeV) = 6.2 1.01  0.75
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sections for the 0.11 MaV (2') and the 0.365 eV (4') |
btates, va added the appropriate direct inalsatic scat-
taring contribution (as obtsined from JUPITOR) to the '
Bausar-Feahbsch or spherical optical model resulta.

The elaatic crosa aection includea both contributions
from the shape elsatic and compound elastic croas sec-
tiona. Figure 2 comparea cslculated (n,2n) reaulta to
the experimental '®3¢197:18%:1800y0h 2n) crosa sectiona
measured by Frehaut' from threshold to 14 MaV. Here

the aultiatep Hauaer-Feahbach code GNASH® wesa used

along with preequilibrium correctiona based cn the Kal-
bach!® exciton model. The sgreement with theae differ-
ing typea of dats confirms veveral things, particularly
the low and high energy behavior of the neutron trans-
miasion coefficienta sa well as the value of the gamma-
ray atrength functions, Finally, in Figure 3 we com
pare our neutron em: ssion spectrum obtained bg a combin-
ation of calculated reaults from 192e} 00100000y yep
measurements on natural tungsten by Hermsdorf et al.'!
This compariaon provides a further check on our calcula-
tion, particularly with regard to preequilibrium correc-
tions applied above 10 MeV.

Thus, our preliminary afforts to determine and ver-
ify neutron and gamma-ray psrameters have led to values
which appear to astisfactorily reproduce the majority
of neutron-induced reaction data for tungsten isotopas.
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A comparison of calculaj qd‘md exparimental (Ref. 11)
valuas for the neutron tnlllion spectras ianducad by
14.5 MaV neutrons. I
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