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

range between 1 and 20 MeV using preequilibriim-statistical model techmniques,
/ich form part of an effort to improve the evaluated neutron and

of these calcu’ations,

The success

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

interest.

For example, neutron optical model parameters have Leen derived through a si-

multaneous analysis of total crosa mections, resonance data, and angular distributions.
These parameters, when used in multistep Hauser-Feshbach calculations, produce good agree-
ment with varied experimental data such as neutron inelastic scattering excitation functions

and (n,2n) croams sections,

Likewise, gamma-ray strength functions have been determined

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

vell to measured gamma-ray production cross sections.

used in such parameter determinations as well

to experimental data will ba presented. 1

Preliminary calculations of neutron-induced cross

sections on tungsten isotopes have been made uaing pre-
equilibrium statistical model techniques from 0.2 to 20
MeV. Thie effort comprises 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 calculationms
since parameters are needed which realistically de-
scribe low energy neutron emission such as in (n,2n) re~-
actions while also producing reasonable values for com—
pound nucleus formation cross sections at higher ener-
gles. To produce such parameters, we adopted the fol-
lowing apprvach. Since the tungsten isotopes are de-
formed, vwe 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 evaluuted values
of the experimentzl tutal crose section and en effort
was made to fit this remainder using the spherical- ‘
optical model with realistic parameter values. By do-
ing 80, we sought to saparate compound and direct
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, Bauser-Feshbach calculations
could be made without having to adjust the formation
cross section to account for direct effacts mot in- |
cluded in the reaction mechanism.

To determ'ue direct inelastic scatteripg croas lﬂé‘
tions from the 2% and W rotational states of the even'
tungsten isotopes, we used the JUPITOR? coupled chan-
nel program along with deformed neutron optical parnme-
ters and Bz. 8 values detarmined by Delarocha.’! We i

then took recent evaluations of the 1822108 108y ¢h0 0y
croes sections bassed mainly on new megsurements of Guen-
ther® as well as those of Foster® and subtracted these
calculated direct inelamtic scattering contributions. !
For "' we used an Jyerage ?f the evaluated total i
cross sections for ''?W and '84W and subtracted contri-
butions from direct_inelastic scattering to the 1/2°

3727, 5/27, and 7/2° lavels. As an example, the wubse

A description 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—
amma-ray strength functions from fits to 183
$W(n,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 becaucte of
deformation effects. We did not attempt, for these pre-
liminary calculations, to include refinements such as
the pygmy resonance and/or dip occuring for sy ~ 6 MeV

mate
RLLER

in the shape of the strength function. Our present
gamma-ray strength functions enabled us ro 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 funciicn parameters, we performed

o sets of calculation., one for incident neutron ener-
ies balow 5 MeV and one for energies from the (n,2n)
hreshold up to 15 MeV. The latter calculations also
rovided information concerning the suitnbility of the
ilbert—-Cameron level density purnm: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 excitation cross

Table 1. Spherical Optical Model Parameters
| for n +
L
‘IT
i r(f fm
l V(Mev) = 55,2-0,13E 1.1 0.45
| HSD(Hev) = 5,240,23E 1.£09 0.4
rbov: 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 inalastic scat-
tering contribution (as obtained from JUPITOR) to the '
Bauser-Feshbach or spharical optical model results.

The elastic cross section includes both contributions
fromn the shape elastic and compound elastic cross sec-
tions., Figure 2 compares calculated (n,2n) results to
the experimental 102,103,104, 188y(1, ,2n) croes sectiona
measured by Frehaut® from threshold to 14 MaV. Here

the aultistep Hauser-Feshbach code GNASH® wvas used

along with preequilibrium corrections based cn the Kal-
bach’® exciton model. The agreement with these differ-
ing types of data confirms veveral things, particularly
the low and high energy behavior of the neutron trans-
mission coefficients as well as the value of the gamma-
ray atrength functions., Finally, in Figure 3 we com
pare our neutron em: sesion spectrum obtained bg s combin-
ation of calculated results from '92» 192,106,308y ypp
msasurements on natural tungsten by Herasdorf et al.!!
This comparison provides a further check on our calcula-
tion, particularly with regard o preequilibrium correc-
tions applied above 10 MeV.

Thus, our preliminary afforts to determine and ver-
1fy neutron and gamma-ray parameters have led to values
which appear to satisfactorily reproduce the majority
of neutron-induced reaction data for tungsten isotopas.
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Frehaut (Ref. B) results.
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1
A comparison of calculaj cdlmd experimental (Ref. 11)
values for the neutron tﬂllion spectra induced by
14.5 MaV neutrons. I
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