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Neutron-induced cross aectlona on tungatan ieotopes have been calculated in the energy
range betwean 1 and 20 ?4eVuoing preequilibril-statistical rndel techniques. The aucce99
of these calcu?ationa, Aich form part of an ●ffort to improve the ●valuated neutron and
&armna-ray production croae aectlcna for tungatem appearing in ENDF/B, dependa strongly on
the determination of conaiatent input paramatar aeta applicable over the ●ntire range of
interest. For example, neutron optical modal ~ramatera have been derived through a ai-
multaneoua analyaia of total croaa eectiona, reeonance data, and angular diatributiona.
Theee paremetera, when used in multietep Nauser-Feahbach calculation, produce good agree-
wnt with variad ●xperimental data such aa neutron inelaatic scattering excitation functions
and (n,2n) croaa eectiona. Likawiae, ga~-ray strength functinne have been determined
through fits to neutron capture data that produce calculated reeulta that compare
well to ~aaured gems-ray production croaa eectiona. A description of the techniques
maed in such mrwter detaminationa es UXI!l ~ ~ariaon of calculated raaulte
to experkt~l data will be prasemted. I

Preliminary calculation of neutron-induced croaa
sections on tungsten iaocopea have been ~de using pre-
●quilibriuu atatiatical mdel tcchniquee from 0.2 to 20
Mev . This effort comprises part of a new tungsten eval-

uation: which hopefully will correct problems in the
present ENDF/B evaluation ariaing from enargy imbalance
at several ●nergies.

The determination of neutron optical parameters
plays an important role in the preeent calculaciona
since paramatera are needed which realistically de-
scribe low ●ner~ neutron emiesion such aa in (n,2n) re-
actiona while alao producing reasonable val!lea for cow
pound nucleus formation croaa aectiona at higher ener-
giaa. To produce such parameter, we adopted the fol-
lowing approach. Since the tungsten isotopes are de-
formed, we detemined the direct inelaatic croaa sec-
tion from scattering off low lying collective atatea
through uae of coupled-channal calculation. Thin
croaa section waa then subtracted from evaluuted valuea
mf the experimental tutal crose ●ection and Pa ●ffort
Mea -de to fit this remainder using the apherical-
mptical mdel with realietic parameter veluee. By do-~
ing ao, we ●ought to separate compound and direct I
reaction effects ao that reaction croaa aectiona de-
termined from these optical par~tera muld 10 fact ,
Tepreaent mainly the compound nucleus fometion croea
mection. In thie manner, lJauser-F*ohbach r.alculationa
could be made without bating to #just the fomation
rroae section to ●ccomt for direct affacta mot in- 1

eluded in tha reaction ~chanism.

To determine direct inelaetic ●catterimg croaa aec-

tione from the 2+ ●nd 4+ rotational ●tatea of the even;
tungsten ieotopee, we used the JDPITOR2 coupled cban- ~
nel program ●long with defomd neutron optical parame-
,tera and B~, B4 values determined by Dalarocha.’ We ‘

then took recent avaluatima of the loz,lm. los” total I

cross aectiona baaed mainly on new ~aeuremanta of Guen-
thers aa well ae thoee of Foeter’ and awbtracted these

calculated direct inelemtic ●catterinB contributions. ,
For 18sU Wa ~ed ~ ;veraUe ?f the evaluated total

I Iv -d 04w ●nd subtracted c~!ri~croaa aectiona for
but:ona f~om direct-inelaatic ●catterins to the 1/2 ,
~!: , 5/2 , and 712 lavele. As nn ~le, the mbe~

- . .—___ .__. I

1-
quent epherical optical parameter determined for ‘“’li
Ere ahon in Table I.

,UM-
Nong with this effort, we alao extracted a

~:~:lf:~n~~~croas 9ections.
strength functions from fits to

In doing ao, we asaumed
e giant dipole resonance form conaiating of one Lorentz
Bhape whose width and location were adjuated to aoprox-
dmate the doubla Lorencz shape which exists because of
deformation effacta. We did not attempt, for these pre-
limina~ calculation, to include refinements such as
the pygmy resonance and/or dip occuring for E “. 6 H-V

Y
Kn the ahape of the ❑trangth function. Our present
~ammna-ray at-ength functions ●nabled us to describe ef-
fectively gamma-ray competition to n~ucron emiaslon,
uhich is important especially around the (n,2n) reac-
ttion threshold.

To teat our choice cf neutron optical model and

1

area-ray strength funcitcu P.srametera, we performed
o eeta of calculatior~i, on? for incident neutron aner-

Ies below 5 HeV end one for energies from the (n,2n)
hreshold up to 15 HaV. The latter calcu.lationa alao
rovided infometion concerning the suitability of the
ilbert-Cameron level density paramatera’ used through-

t the calculation. Figure 1 illuatratea results nb-
ained for l~~w from optical mdel and width-fluctua-

ion corrected flauaer-Feahbach calculation using the

ptical paramatera of Table I. For the calculation
f tha total croea ●ectlon and the excitation croea

I
Table I. Spherical Optical Model Par-tere

for n + Iabw

I

r( fm) 0( fm)

V(HeV) - 55.2-O.13E 1.1 0.45

I
WgD(BleV) = 5.2+0.23E 1.L09 0.4

P’

ove 6 PkV

W5D(HeV) = 6.6

I
vs.(w) - 6.2 1.01 0.75

b
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ktima for tbe O.U -V (2+) ad th 0.365 IW (4+) I
btstu, w Add the approprtite direct imlmo:ic scat-
karing contribution (as obtain-d f- JUP~) to the !
Eaumar-?eahbach or apharical optical mdel resultn.
The elastic croEfi ❑ection ticluden both contribution
from the ●hape ●lantic and compound ●laotic cross cec-
tiono. Figure 2 comparea calculated (n,2n) raoulto to
th~ ●xperimental ‘0a~103~]0b011@U(n,2n) croon sactiona

mmourad by Frehaut’ from thremhold to 14 MaV. Here
the multistep Eauner-Feahbach code GNASH’ was usad

::;?0
-th preequilibrium corrections baaed co the til-

excitoo mdel. TFM agraament with thaae differ-
ing types of data confirms ueveral things, particularly
the 1- and high ener~ behavior of the neutron trann-
mlmoion coefficient ●n well aa the value of the game-
ray atrangth functions. Finally, b Figure 3 we c-

~re our nautron -a#ion apectnm obtained b
mtion of calculated renults from lo2,11s,l I.) To:wcyt;*

rnasure=nts m natural tungsten by Flemadorf ●t al.ll
TtIis comparison providern a furiher check on our calcula-
tion, particularly with ragard :0 preequilibrium correc-
tiooa applied above 10 WV.

Thus, our preliminary afforto to detemine mad ver-
ify neutron end ga~-ray parameters have led to valuen
which appear to satisfactorily reproduce the majority
of neutron-induced r=tion data for tun~te.nisotopu.
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