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A corresponding set of fits with the completely
absolute calculation corresponding to the solid
lines in Fig. 2 can be made only if the data for
7iw>0.05 eV are ignored on the assumption that
the discrepancy at higher energies may be disre-
garded for some unknown reason. We cannot
justify abandoning the higher energy measure-
ments, but it is reassuring to note that if the ab-
solute calculation be fitted where it can be, be-
low 0.05 eV, an equally nearly constant Ieff(K)
is obtained of mean value 0.52+ 0.04 eV. The
reason is that the K dependence of the enhance-
ment is much more pronounced at low energies;
the two fits, taken together, suggest that the ob-
served virtual independence of K is a feature of
the work not particularly sensitive to the de-
tailed explanation assumed.

If this near constancy of the observed Ieff(ﬁ)
be taken at its face value, accepting uncritically
for the moment that an estimate of § from an un-
hybridized tight-binding model can be relied up-
on to this degree, it would follow that the Fou-
rier transform Ieff(¥) is close to 5, in form.
This is in accordance with the long-familiar
view that intra-atomic Coulomb repulsion is the
dominant factor determining ferromagnetism in
nickel. Assuming there is no contribution from
the atoms beyond the nearest-neighbor positions,
Fig. 3 would suggest that any one of the 12 near-
est neighbors to a nickel atom contributes less
than 10% of the on-site term at » =0 to the “ef-
fective Coulomb integral” if the contribution is
of the same sign, and less than 5% if the contri-
bution is of the opposite sign. Both these limits
are materially lower than the ~30% contribution

estimated by Clogston!! for nearest neighbors in
palladium.

The latter value 0.52+ 0.04 eV for I ¢ corre-
sponds to a susceptibility-enhancement factor at
1020°K of 53+ 13, which may be compared direct-
ly with the factor 8 obtained on dividing the mea-
sured®® susceptibility at 1020°K by an estimate
of 322up?/N(E)[~df/dEAE from the best avail-
able density-of-states curves.!®
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In this Letter we present the first observation
of analog resonances in the excitation function
for a (#,p) reaction. The parent analogs of these
resonances are the states which would be formed
by adding three neutrons to the target nucleus.

In the present case a study of the reaction 2%Pb(z,
p) has led to the assignment of the positions of
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several single-particle states in ?*'Pb. Because
of its remoteness from the stability line, only
the excitation energies of a few levels in 2!'Pb
are known! from « decay studies. The observa-
tion of analog resonances in the reaction 2%Pb(¢,
p) corresponding to states in 2!*Pb is forbidden
by isobaric-spin-selection rules. Isobaric-spin-
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forbidden effects in (p,d) and (d,p) reactions on
the Pb isotopes have been reported.?

The triton beam was obtained from the Los
Alamos three-stage Van de Graaff facility. The
target was enriched in 2°Pb and was about 35
keV thick to the triton beam. Protons, deuter-
ons, and tritons were identified and separated
by means of a AE-E counter telescope in con-
junction with an SDS 930 on-line computer. En-
ergy spectra for all of these particles were ob-
tained simultaneously.

Figure 1 shows the excitation functions at 165°
lab for the reaction 2%Pb(¢, p) to the ground and
first-excited state of 2!°Pb along with the triton
elastic-scattering excitation function. The elas-
tic-scattering data are a smooth function of ener-
gy. However, the (¢,p,) excitation function
shows anomalies at approximately 16.0, 16.3,
and probably 17.0 MeV. The first excited-state
yield shows an anomaly near 17.0 MeV. These
anomalies are ascribed to analogs of states in
211Pb.

Further, by the following arguments we pro-
pose that these anomalies correspond to analogs
of the dy, S,/2,d3/2(&,/) states in #'Pb. From
proton elastic-scattering measurements on
204,206,208ph at geveral laboratories,®:* it has
been established that the analogs of the g4/,
states in 2°5Pb, 2Pb, and 2°°Pb all occur at es-
sentially the same proton energy (~14.95 MeV).
This implies that the binding energy for the g,
neutron is essentially the same for all of these
isotopes. It therefore appears reasonable to as-
sume that the d,,,, S,/,, and dgy,,(g,,,) neutron
binding energies in 2°°Pb and 2!'Pb are essential-
ly the same. With this assumption we can pre-
dict the triton energies corresponding to the ana-
logs of these various states in ?''Pb from the
208pp proton elastic-scattering measurements.*
These energies are indicated by the vertical
lines in Fig. 1. As can be seen, the observed
anomalies occur at essentially the same ener-

gies as the predictions for d,,, S,/,, and dy (g, /,)

states.

The fact that the analogs of the g,,, and 7,,,,
states are not observed is probably due to the
higher angular momenta required to excite these
states. This implies that the 17.0-MeV anomaly
corresponds only to the dg,, portion of the dg -
g,/ doublet. The assumption that the transfer of
higher angular momentum inhibits the observa-
tion of the gy,5, %,/ and g,,, analog states is
substantiated by our measurements of excitation
functions for the reaction 2°Pb(p,#). No anoma-
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FIG. 1. Excitation functions at 165° lab for the reac-
tions 2%Ph(¢,¢) and 2®Pb(¢,p) to the ground and first
excited states of 21%Phb, Representative error bars are
shown for the (¢,p;) data. The errors for the other
data are less than the size of the plotted points. The
vertical lines indicate analog resonant energies pre-
dicted from 2%Pb(p,p) results.

lies in the (p,t) yield were observed at the g,
or i,,,, analog states. However, anomalies were
observed at the d,,, and s,,, analog states (these
measurements did not extend high enough in en-
ergy to reach the d;,,-g,,, doublet). In fact, the
behavior of the observed anomalies in the reac-
tion 2%Pb(p, ¢,) at the d,,, and s, , states looks
the same as the 16- and 16.3-MeV anomalies
shown here in the reaction 2%Pb(¢,p,).

We feel these arguments provide strong evi-
dence that the anomalies at 16, 16.3, and 17
MeV observed in reaction 2%Pb(t,p) correspond
to the analogs of the d,,,, s,,,, and dg,, states in
211ph, Also, it appears that the neutron binding
energy for these single-particle states is approx-
imately the same for both 2°°Pb and 2'!Pb.
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Feshbach, Kerman, and Lemmer! have pro-
posed a two-particle, two-hole (2p-1h) or door-
way interpretation of intermediate structure. In
this approach the decay width I" of an intermedi-
ate structure resonance consists of two terms,
viz.,

r-r'.r'. (1)
Here It is the escape width to the continuum
and TV is the damping width for decay into more
complicated states. If the latter is too large,
then intermediate structure will not be observed;
while if it is too small, then there are essential-
ly no compound-nuclear resonances more com-
plicated than 2p-1h. We thus expect T to be
non-negligible but not too large. The calculation
of TV is rather formidable because it involves
the 3p-2h and more complicated states. Yet in
order to verify the underlying doorway descrip-
tion of intermediate structure, a detailed calcu-
lation of T" is called for. In particular both es-
cape and damping widths must be obtained in a
microscopic particle-hole basis. We present the
results of such a calculation in this Letter.

Analog doorway states are particularly inter-
esting examples of intermediate structure. In
this paper we examine the well-known Y®° 4%, 3+,
and §+ analog levels as our test calculation.
These levels were found in the Sr®(p, p)Sr® ex-
periment of Cosman, Enge, and Sperduto?® at pro-
ton energies of 6.0, 7.0, and 5.0 MeV, respec-
tively. We calculate only the widths for elastic
proton scattering and assume that the target
3g5T 5,28 is in its ground state. This state is tak-
en to consist of closed neutron and proton shells
(ground-state correlations are neglected).

As in the Feshbach theory of nuclear reactions,?
the continuum single-proton state is not consid-
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ered as a microscopic ingredient of the doorway
states. This assumption should be reasonable
for a medium heavy nucleus like Sr®® where a
proton potential scattering resonance, if it does.
exist, is much wider then the intermediate struc-
ture widths. The single-proton part of the usual
analog-state wave function is considered as sim-
ply an unbound proton moving in the field of the
target. Its presence is manifested in the escape
width.

A 2p-1h basis is used to describe the analog
levels. In this scheme the Coulomb interaction
is taken into account directly by using neutron
and proton wave functions with different radial
forms. The two-body Coulomb interaction is ne-
glected in comparison with the two-body nuclear
force. The specific details of this technique are
given by the authors in another paper.* The ba-
sis of neutron and proton particles and holes is
given in Fig. 1 relative to Sr® as the zero ener-
gy. In our calculation, wave functions for the
single neutron states were obtained from a
Woods-Saxon well with spin-orbit coupling. For
protons the Coulomb potential of a uniform
sphere of charge was added. There are 19, 33,
and 40 possible 2p-1h states of spins 3+, 3*, and
3%, respectively. Reference 4 indicates that in
each case as expected only two states are neces-
sary for the description of the analog levels in
this nucleus. These are | (1go/;1g0,,~ 10, JM)
and | (2p1,22p1,2‘1)0+J”, J™), i.e., a proton and
neutron hole with the same spin are coupled to 0%
which then couples with the neutron particle of
spin JT to give the total angular momentum J7,
Because of its simplicity, a delta function effec-
tive interaction was used with strength v, and
the usual Soper mixture. We fixed V, by requir-
ing that for each of J"=3", 3% and 3* the analog



