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The asymptotic value of this integral for large
z and for nz &1 is

(7)

The usual Ruderman-Kittel terms are included
in the nonevanescing waves (k & n). The destruc-
tive interferences of the oscillating waves, due
to the physical irregularities (roughness) of the
contact, reduce rapidly to zero the contribu-
tions of the nonevanescing waves. On the con-
trary, the evanescing terms which have a con-
stant sign give a slowly decreasing polarization
of spin (+), which appears as a tail in the polari-
zation of (F).

Let us now introduce at z a ferromagnetic
probe (S) of volume v, with the same Hamil-
tonian as (F). If u is small enough, so as not
to create bound states in (N), the coupling en-
ergy W, with the electrons described in (7),
may be obtained by first-order perturbation.

W = -p(z)(k'n'/2m) v cosa.

8 = angle between the magnetization Mv in (S)
with that of (F), with the following numerical

o
values: a = interatomic distance = 3 A; v = d;
kFd = 2; z = 30d; and EE = 5 eV. One obtains

W=10 '(qM/E )'" eV.F
The ratio between FF and the exchange energy

gM is not well-known; with a reasonable esti-
mate qM/EE=IO ', one gets W=10 ' eV, which
corresponds to the coupling of one Bohr mag-
neton with a field of 2000 Oe.

Of course, the model considered gives the
maximum possible interaction. Usually the (—)
electrons will also have a tail in (N), whose ef-
fect is to oppose that of (+) electrons.

Another way of estimating the strength of this
coupling is to fill the space from z to infinity
with probes like (S) (neglecting the fact, which
will be considered elsewhere, that now bound
states are associated with the probes). With the
same numerical values one obtains 8'=0.6 erg
cm ', which is to be compared with the results
quoted in references 1-4 which are in the range
of 10 to 10 erg cm

A final remark: This coupling makes use of
electrons of all energies between 0 and E+, and
thus should be independent of temperature and
mean free path effects.

The authors are deeply indebted to Professor
Noel for discussions relative to this problem.
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Isobaric analog states have been previously
identified as resonances of the compound system
in proton reactions and scattering. ' Current the-
oretical interest in the details of these reso-
nances have led us to remeasure, in very fine
detail, two resonances in Mo '+P that are iso-
baric analogs of the first and second excited
states of Mo".' The resonances occur at 5.3-
MeV and 5.9-MeV proton energy and are s and
d wave, respectively. Much of the theoretical
interest is concerned with the question of wheth-
er or not the isobaric analog resonances charac-
terized by isobaric spin quantum number 1'
= Ttar et+ ~ are effectively spread due to a pos-
sible mixing with the more abundant states with

The proton resonances selected
are particularly well suited for this study since
they occur below the neutron threshold and the
other possible reactions (e.g. , P, a and P, y) are
comparatively unimportant. Our previous analy-
sis of the 5.3-MeV resonance' was based on elas-
tic-scattering data taken at only one angle with
a relatively thick target. We have remeasured
this resonance and the 5.9-MeV resonance at
three angles using thin targets and very fine en-
ergy resolution. We find that there is consider-
able fine structure in the vicinity of the reso-
nance, becoming much less prominent away from
resonance. In addition, we are able to fit the ob-
served resonance shape (after averaging the data
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over 18-keV intervals) assuming a singlesin le level
idth 1 to beformula' only by taking the total wi

considerably greater than the proton partial
*

Very thin targets were prepared y pb eva oration
of enriche od 9'MoO onto thin carbon backings
which had been prepared previously by evapora-
tion from a high-vacuum carbon arc. Proton

from the tandem Van de Graaff were heldbeams rom
to less than 2 p. amp in order to minimize
dead time losses in the counting system. The
beam energy loss in the target xs estimated to
have been approximately 1 keV ffor 5.3-MeV pro-
tons. In order to ensure that the beam energy

~ ~ ~ dditional electrical fil-spread was minimized, add'
'ns alled. Thistering of the ion source arc was insta

had the effect of lessening the beam fluctuations
cause yd b current loading fluctuations. In addi-

ftion, care was at ken to maintain the balance o
current on the slits of the analyzing magnet.
The image s i s ol't f the 90' analyzing magnet were
set 0.020 inch apart. The beam at the target
chamber Faraday cup was monitored occasion-
ally wi a c'th d coupled oscilloscope in order to

it .determine i er'f th e were fluctuations in intensi y.
%ith these precautions, the beam energy spread
is estimated to be less than 1 keV.

The proton elastic-scattering excitation func-
tions were measureasured with junction counter de-
tectors place ad t 90' 125' and 165 to the beam,
each detector subtending a solid angle of approx-

l 6x10 ' steradians. The total proton
s 150 C.charge collected for each data point was p.

The data for the s-wave resonance in Mo92(P, P
at 5.3 MeV are shown in Fig. 1. A smooth curve
has been drawn through the actual data points.
The dashed curve is a theoretical single-level
formula result assuming I p

=7 keV andnd I'=27
keV. Figure 2 is the same data over a smaller
energy in erva' terval at one angle with the data points
shown for three different runs. Similar data for
the d-wave resonance at 5.9 MeV are shown xn

Fxg.Fi . 3.
The observed fine structure is seen toto be of

the order of 3 keV in width, is most prominent
near e ith 'sobaric analog resonance energy, and
virtually disappears away from resonance. xs
not known w e erhether "all" the structure has been
observed —a better resolution technique might
further subdivide the fine structure observed in
this experiment. It is interesting to note that
the fluctuations disappear more rap' ye ra idl on the
high-energy side of the resonance thhan on the
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low-energy side. This asymmetry is observed
at all three angles in the case of the s-wave
resonance.

The present results clearly indicate the neces-
sity of a many-level formulation rather than the
single isolated-level interpretation which ap-
peared reasonable for the analysis of the "thick"
target data. ' It is interesting to ask what is the
nature of the fine structure. Is it, for example,
due to the sharing of the strength of the analog
state among the many neighboring states charac-
terized ideally by T = Ttarget-& 7 Such a "giant
resonance" interpretation involves isobaric
spin mixing and, in essence, is closely analo-

I I I I I I I I I I I

5.85 5.90

PROTON ENERGY (MeVj

FIG. 3. Proton elastic-scattering yield from Mo 2

+P measured at 81ab = 90', 125, and 165 in the neigh-
borhood of the d-wave isobaric analog resonance at Ep
=5.9 MeV.

gous to optical-model giant resonance theory. 4

Some care should be exercised, however, be-
cause fine structure may be possible even when
the isobaric analog state does not share an ap-
preciable fraction of its strength with neighbor-

ing states. It can be shown' that the part of the
scattering amplitude arising from the presence
of these states may be enhanced in the neighbor-
hood of a strongly excited state. Moreover, with
this simple picture of one large state and many
small states, it is possible to explain the asym-
metry in the magnitude of the fluctuations about
the resonance energy.

It is interesting to note that these data permit
the study of fluctuations due to compound states
of one particular spin and parity. Studies of the
fine structure observed in the isobaric analog
resonance in other nuclei are presently under
way.
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Mr. G. Vourvopoulos, and Capt. L. R. Norris
(U.S. Air Force). We are grateful to Mr. A. Bas-
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this work possible.
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