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Abstractt

The presence of direct interactions in neutron inelastic scattering éppears
to begin to contribute to the excitation of the first states in Fe56 and Pb206 at
3 Mev. The angular distributions show & small preference for forward-hemisphere
scatbering coupared to symmetric distributions at 2.2 Mev. The direct-interaction
theory is in qualitative (though not detailed) sgreement with the nonsymmetric

component,
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The dominent reaction mechaniem of neutron inelastic scattering on medium
and heavy nuclei at intermediste energles is compound-nucleus formation and decay.

1 #ina for 1h-Mev neutrons on 5ismuth and tantalum

For example, Rosen and Btewart
that ohly sbout 10 to 15% of the emerging neutrons can be attributed to direct
interactions, These are the high-energy neutrons that populate the iow-lying

states in the nucleus,

A few éxperiments at low energles hawevbeen carried out.2 In particuler,
for/%ombarding energy of 2.2 Mev, Landon et al‘3 find that the engular distribution
from the first excited state in Fesé(q = -0,850 Mev) is isotropic, and from szoé
(@ = ~0.803 Mev) is very pearly symmetric about 90 deg, both consistent with the
statistical model of the compound nucleus, However, evidence has been cited,h
suggesting a contribution from the direct reaction process to the neutron inelastic

06 at incident energies'as low a8 3 Mev., It was argued that the

scattering from sz
cross section for excitation of the 0,803-Mev state as a function of bombarding
energy should reach a maximum Just sbove threshold and then fall, ;ecause of the
competition in the compound-nucleus decay provided by the large number of stales
that become sccessible. (There are about 20 levels between 1.3 and 3.5 Mev,)

However, the experimental evidence shows no indication of the expected fall-off,
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This was interpreted ass meaning that the direct-interaction process becomes
increasingly important as the energy in increased, and sustaluns the cross
section beyond the energy at which the compound-nucleus contribution is ex-
pected to decrease, |

To test /t%injecture that direct interactions ere contributing to the
0.803~Mev level in Pb206 at & neutron bombarding emergy as low as 3 Mev, one
of us (L.C.) has measured the angular distribution of neutrons from this level.’
The angular distribution indeed 1s forward pesked (see figure) in contrast with
the very nearly symmetric angulear distributioh found by Lendon et al.3 at é
slightly lower bombarding energy.

There does not exist a tiactable theory for handling situations where
the compound~nucleus and direct-interaction modes are both important. One can
at best exesmine the predictions of the two theories as if both operated
separately. The anguler distribution at 2.2 Mev bombarding energy 1s symmetric,d
consistent with the stetisticel theory, and with sbout the same ratio of
0(1800)/6(900) as shown in the figure for 3~Mev bombuarding energy; one is there-

tempted to ‘
fore / ettribute the extra scattering at forward angles to direct interactions,
Indeed a calculation of the direct-interaction angular distridution based on
the theory of Reference & yields an ssymmetric angular distribution with a high
foxward cross section,

The cross sectiom for excitetiom'of the first excited state in Fe56
haé also been measured. In this case slight forward peaking is observed,
egain in contrast with the results at 2.2 Mev, at vhich the cross section is
isbtropic. The direct-interaction theory predicts slightly stronger forward-

hemisphere scattering, in qualitative agreement with the nonisotropic component

of the observed cross section,
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These results suggest that the direct-interaction mechanism for
inelastic scattering from medium and heavy muclei may be present at lower

bombarding energies than had previously been contemplated,
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