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Abstract: 

The presence of direct interactions in neutron inelastic scattering appears 

. 56 2o6 to begin to contribute to the excitation of the first states in Fe and Pb at 

3 Mev. The angular distributions show a small preference for forward-hemisphere 

scattering compared to symmetric distributions at 2. 2 Mev. The direct-interaction 

theory is in qualitative (though not detailed) agreement with the nonaymmetric 

eomponent. 
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The dominant reaction mechanism of neutron inelastic scattering on medium 

and heavy nuclei at intermediate energies is compound-nucleus formation and decay. 

For example 1 Rosen and Stewart1 find for 14-Mev neutrons on bismuth and tantalum 

that only about 10 to 15~ of the emerging neutrons can be attributed to direct 

interactions. 'fhese are the high-energy neutrons that populate the low-lying 

states in the nucleus. 

A few experiments at low energies have been carried out. 2 In particular, 
a ~ 

for fbombardi.ne; energy of 2. 2 Mev 1 Landon e.t a.l • .:> find that the angular distribution 

56 . 2o6 
from the first excited state in Fe {Q = -o.850 Mev) is isotropic, ·and from Pb . 

{Q = -o.8o3 Mev) is very nearly symmetric about 90 deg, both consistent with the 

statistical model of the compound nucleus. 4 HOwever, evidence has been cited, 

sugsesting a contribution from the direct reaction process to the neutron inelastic 
2~ ' 

scattering from Pb a.t incident energies as low a.s 3 Mev. It was argued that the 

cross section for excitation of the 0.803-Mev state as a function. of bomb.a.rding 

energy should reach a maximum just above threshold and then fall, because of the 

competition in the compound-nucleus decay provided by the large number of states 

that become accessible. {There are about 20 levels between 1.3 and 3.5 Mev.) 

However, the experimental evidence shows no indication of tbe expected fall-off. 
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This was interpreted as meaning that the direct-interaction process becomes 

increasingly important as the energy in increased, and sustains the cross 

section beyond the energy at which tbe compound-nucleus contribution is ex-

pected to de.crea.se. 
the 

To test I conJecture that direct interactions are contributing to the 

206 
0 J303-Mev level in Pb at a neutron banba.rding energy as low as 3 Mev, one 

of us (L.c.) haG measured the angul.ar distribution of neutrons from this level.5 

The angular distribution indeed is forward peaked (see figure) in contrast with 

the very nearly symmetric angular diatribu'tion found by Landon et a.l. 3 at a 

slightly lower bcmbarding energy. 

There does not exist a tractable theory for handling situations were 

the compound-nucleus and direct-interaction modes are both important. One can 

at best examine the predictions of the two theories as if both operated 

separatel.J. The angular distribution at 2. 2 Mev bombarding energy is symmetric, 3 

consistent with the statistical theory, and with about the same ratio of 

a(l8o0 )la(90°) as shown in the figure for 3~ev bombarding energy; one is there
tempted to 

fore I attribute tbe extra scatterinG at forward angles to direct interactions. 

Indeed a caJ.culation of the direct-interaction angular distribution based on 

the theory of Reference 4 yields an asymmetric angular distribution with a high 

tonard erose aection. 

The cross section for excitation of tbe first excited state in re56 

has aJ.so been measured. In this case slight forward peaking is observed, 

again in contrast with the results at 2.2 Mev, at which the cross section is 

isotropic. The direct-interaction theory predicts slightly stronger forward-

hemisphere scattering, in qua.litative agreement with the nonisotropic component 

of the observed cross section. 
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These results suggest that the direct-in·teraction mechanism for 

inelastic scattering fram medium and heavy nuclei ~ be present at lower 

bombarding energies than had previousl.y been contemplated. 
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