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energy balance and the recombination rate, the
discrepancy of a factor of about 3 between the ex-
perimental and theoretical electron tempera-
tures'®!? also is traceable to the neglect of colli-
sional de-excitation. The recombination rate and
electron temperature can be obtained by solving
Egs. (5) and (9),* and the additional energy equa-
tion for the ion gas. It is found that at electron
temperatures above 2000°K collisional excitation
of the 23S level to the 21S and 2'P levels followed
by radiation is a more probable path for destruc-
tion of metastables than is direct collisional de-
excitation. The results of these calculations given
in Table II are seen to be in general agreement
with experiment.

*This work was supported in part by the Air Force
Office of Scientific Research of the Air Research and
Development Command under Contract No. AF49 (638)
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It is now recognized that the potential which de-
scribes nucleon-nucleus elastic scattering must
contain a spin-orbit term. In present theories,!
this spin-orbit term is of the Thomas type and is
therefore proportional to the gradient of the cen-
tral potential. If this be so, polarization meas-
urements should be very sensitive to the shape
of this potential and hence to the shape of the nu-
clear surface. We have, therefore, scattered
polarized protons from pairs of isotopes and iso-
bars to determine whether a comparison of the
resulting left-right asymmetry, for any given pair,
reflects a difference or similarity in nuclear sur-

face structure. The results, thus far obtained,
indicate that it does.

A beam of 14.5-MeV polarized protons was gen-
erated by a-p scattering in essentially the manner
previously described.? However, the precision
and resolution attained in the present experiments
were facilitated by two modifications to our appa-
ratus, as follows: (a) The polarized beam is now
collected by a 4-inch aperture quadrupole magnet
and focussed on a target seven feet away from the
first scattering volume, and (b) the H, target is
maintained at the temperature of liquid nitrogen
in order to increase the density of H nuclei and
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FIG. 1. Angular dependence of the polarization in the elastic scattering of 14.5-
MeV protons by isotopes of H, He, Li, and C.
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FIG. 2. Angular dependence of the polarization in the elastic scattering of 14.5-

MeV protons by isobars of mass 3, 40, and 58.
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the tensile strength of the target windows.

The polarized protons were elastically scattered
from twelve nuclides comprising four pairs of iso-
topes and three pairs of isobars. The scattered
protons were detected by nuclear emulsions and
the angular dependence of the left-right asymme-
try was determined for each nuclide. From these
measurements was deduced the angular depend-
ence of the polarization that would obtain in the
scattering of unpolarized protons under identical
conditions. The results are displayed in Figs. 1
and 2.

It is observed (Fig. 1) that the largest differ-
ences in polarization occur for the isotopes of H,
He, and Li, where we know that the addition of a
neutron to the lighter isotope produces a large
change in the surface structure. On the other
hand, we observe no detectable difference be-
tween the mirror nuclei H® and He® (Fig. 2), al-
though the elastic scattering cross sections for
these nuclides differ by a factor of almost two
at some angles (implying a very significant dif-
ference in the central potentials), and the varia-
tion in the symmetry parameter (N -Z)/A is a
maximum for this pair of isobars.

C!2 and C* show very similar polarization pat-

terns, in keeping with the hypothesis that C** con-
sists of a neutron outside a core of C!2, which is
not much perturbed by the extra neutron. The
isobaric pairs Ar*’, Ca*® and Fe®, Ni*® also show
very small polarization differences, with Ar*°
-Ca* indicating the greater difference. This is
presumably related to the fact that Ca*® is a doubly
magic nucleus and that substitution of two neutrons
for two protons produces a significant perturbation
in the nuclear surface.

It is concluded that polarization measurements
may provide a sensitive probe for investigating
the surface structure of nuclei.

The authors are indebted to the cyclotron group
for providing the necessary a-particle beams,
to Oak Ridge National Laboratory for supplying
the separated isotopes, and to Mrs. Leona Stewart
for making the calculations pertinent to the mag-
netic lens.

*Work performed under the auspices of the U. S,
Atomic Energy Commission.

ISee, for example, H. Feshbach, Ann. Rev. Nuclear
Sci. 8, 49 (1958).

’L. Rosen, J. E. Brolley, and L. Stewart, Phys.
Rev. 121, 1423 (1961).

NEUTRON FORM FACTORS AND NUCLEON STRUCTURE*

C. de Vries' and R. Hofstadter
Department of Physics and High-Energy Physics Laboratory, Stanford University, Stanford, California

and

Robert Herman

Research Laboratories, General Motors Corporation; Warren, Michigan
(Received March 26, 1962)

Last year new information on the Dirac and
Pauli form factors of the neutron was reported.™
A theoretical model based on the existence of two
resonances involving pions was proposed by Ber-
gia, Stanghellini, Fubini, and Villi*; which was
consistent with the Clementel-Villi expressions
for the form factors. From a different point of
view, an attempt to fit the experimental neutron
and proton form factor material in terms of Yu-
kawa clouds with different ranges and delta func-
tions was made by Hofstadter and Herman.? As
is well known, the Clementel-Villi model is
equivalent to the latter interpretation. There-
fore the two models are identical in all practical
aspects. An important feature of each model was

that it gave a neutron rms electric radius of zero
and values of the proton rms radii and neutron
magnetic radius in agreement with experiment.
The Cornell group® has confirmed the form fac-
tor data and the model of nucleon structure as
given in references 1 and 2.

We now wish to present a concise version of
our recent results. In summary we find that
while the idea of the nucleon models proposed
above!’®* appears to be quite satisfactory, the
numerical values of the parameters involved re-
quire certain changes. Thus the numerical val-
ues of the parameters we are now reporting dif-
fer from those of the previous Stanford results,
and noting the above-mentioned agreement of
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