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presented in Fig. 3(b).
Weber and Seavey' have measured the uniform

resonance nuclear relaxation rates in RbMnF,
over the dc field range of 6-23.5 kOe at T=4.2 K.
They observed a similar frequency dependence
of these rates to the dependence shown ln Flg.
3(a), namely, a decrease in magnitude with in-
creasing magnon frequency. By extrapolating
their results to the frequency range presented
in the figure, values are obtained which are
higher than our values by two orders of mag-
nitudes. The difference between their values
and ours can probably be attributed safely to
strain inhomogeneous broadening to which the
uniform resonance linewidth, electronic as well
as nuclear, is particularly sensitive.

Hinderks' has recently measured a. nuclear
relaxation rate of -0.3 MHz for RbMnF, at 1.15'K
by employing a photon pump at a frequency of
888 MHz. Since a decrease in the value of the
relaxation rate with frequency is expected, this
measured value is considered in good agreement
with our results. Recent measurements by Hin-
derks' arid by Seavey' on CsMnF„also employ-

ing photon pump1ng, 1nd1cate a nuclear relaxa. -
tion rate lower by an order of magnitude than
the relaxation rate of RbMnF, . Phonon-nuclear-
magnon interaction experiments could there-
fore be conducted on CsMn F, at a much reduced
acoustic power.

We would like to thank ¹ F. Foster of Bell
Telephone Laboratories for providing the trans-
ducers.
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The cross sections for quasielastic electron scattering from nine target nuclei from
lithium to lead have been measured for an electron incident energy of 500 MeV and a scat-
tering angle of 60'. The data are interpreted in terms of a Fermi gas model, yielding the
nuclear Fermi momentum as a function of atomic number. The Fermi momentum in-
creases from lithium to calcium and remains roughly constant at about 260 MeV/c from
nickel to lead.

The Quasielastic peak directly roeasures the
single-particle structure of the nucleus and dom-
inates the spectrum of high-energy electrons in-
elastically scattered from nuclei. ' In addition,
quasielastic scattering provides information on
nucleon-nucleon correlations' and must be under-
stood if one is to examine the usual nuclear sum

rules'4 or to use nuclear targets in tests of quan-
tum electrodynamics. ' Nevertheless, because
of the difficulty in making radiative corrections
to deep inelastic electron-scattering data and
in estimating the contribution from pion electro-
production, experimental work in the quasielastic
region has been scarce. Our experiment repre-
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sents the first investigation of the systematics
of quasielastic scattering from a whole series of
nuclei. The cross sections d'o/dQde were mea-
sured for fixed electron incident energy (500
MeV) and scattering angle (60 ) on nine target
nuclei ranging in atomic number from lithium to
lead. The radiatively corrected spectra are in-
terpreted in terms of the nuclear Fermi gas
model of Moniz. ' This model retains the full
relativistic nucleon electromagnetic vertex and
provides a good description of the data. ' The
analysis is used to extract the nuclear Fermi
momentum' and average nucleon interaction en-
ergy as a function of atomic number.

The experiment was performed on the Stanford
Mark III linear electron accelerator. Except for
a change in the detector discriminator settings
needed to improve pion rejection, the experi-
mental apparatus and techniques used are iden-
tical to those of several recent elastic-scatter-
ing experiments and are discussed elsewhere. '
For each nuclear target, positron and positive-
pion spectra were measured by reversing the
spectrometer field. These counts, which never
constituted more than 3/o of the electron spec-
trum for electron energy loss less than 300 MeV,
were subtracted from the data.

The radiative correction procedures followed
were basically those of Mo and Tsai, which are
believed good to better than 3%. Their expres-
sions were modified to include effects arising
from multiple-photon emission in the target, as
worked out by Miller. ' In making radiative cor-
rections to inelastic data, one must in principle
know the cross section (at the same angle) for
all lower incident energies down to the scattered-
electron energy under consideration. In this ex-
periment, we measured the cross sections at an
angle of 60 for incident energies of 500, 440,
380, and 320 MeV and for secondary electron
energies from the elastic peak down to at least
260 MeV. For incident energies not actually
measured, we interpolated from the measured
spectra along lines of constant excitation energy. "
This interpolation procedure introduces an uncer-
tainty of less than 1% in the final 500-MeV data
points. Also, since the most uncertain part of
the radiative correction formulas is that which
increases with target thickness, we used very
thin targets of less than 0.01 radiation lengths
in all cases. The target-thickness part of the
radiative correction was never more than 20%
of the total correction to any data point, which
in turn was never more than 30% of the original
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Fig. 1. Cross sections d o/dQde versus electron
energy loss =&&-&2 for inelastic scattering of 500-
MeV electrons at 60 from (a) carbon, (b) nickel, and
lc) lead. Solid lines are the results of the Fermi-gas
calculation with the nuclear parameters indicated on
the figure.

number of counts. In Fig. 1 we present the cross
sections, after radiative correction, for carbon,
nickel, and lead targets.

We have compared our data with the Fermi-
gas model of Moniz, ' treating the nuclear Fermi
momentum, kF,

' and the average nucleon inter-
action energy, e, as variable parameters. The
width of the quasielastic cross section is directly
proportional to kF, while e is determined from
the location of the peak. More precisely, the
energy-conserving 5 function involved in comput-
ing the cross section Isee Eq. (7) of Ref. 6] is
written 6(&o+ (k'/2M —e)-(k+ q)'/2M), where + is
the energy loss and q is the momentum transfer.
The constant e shifts the peak position and is
interpreted as the average nucleon interaction
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energy.
Since the data extend well beyond pion thresh-

old, an estimate of the pion electroproduction
cross section is included in the calculations.
This is also computed in the nuclear Fermi-gas
model and has been taken as the sum of two con-
tributions. First, s-wave production is calcu-
lated following the method of Czyz and Walecka, "
the only improvement being that the pion is not
assumed to be close to threshold in the integra-
tion over pion coordinates. Second, pion pro-
duction proceeding through excitation of the first
nucleon resonance is computed using the isobar
model of Moniz' with a realistic line shape for
the 3-3 resonance folded in. The interference
term between s-wave and resonant production
has been neglected' and coherent g production
has been found to be negligible even for lead.

A minimization program was used in compar-
ing our data with the Fermi-gas calculation in
order to obtain best-fit values for kF and e. No
overall normalization factor has been employed
and consequently, once the peak position is fixed,
the single parameter kF is varied to fit both the
height and width of the quasielastic peak. The
results of this fitting procedure are given in
Table I for the nine nuclei studied and the best-
fit curves are shown in Fig. 1 for three cases.
The model provides a surprisingly good descrip-
tion of the data in both shape and magnitude. "
The nuclear Fermi momentum is roughly constant
at 260 to 265 MeV/c for the target nuclei from
nickel through lead, while it is increasing from
lithium up through calcium. This behavior is a
reflection of the saturation of nuclear forces in
nuclei; that is, nuclear densities are roughly
constant for the heavier nuclei and decrease as
one goes to lighter nuclei. From elastic electron
scattering, we infer a nuclear matter density
p =0.17 fm ', giving an equivalent Fermi momen-
tum AF = (Sw'p/2)' '= 270 MeV/c. The small dif-
ference between this and our extracted Fermi
momentum for lead, 265 MeV/c, can be attri-
buted to a lower "local Fermi momentum" in
the nuclear surface. The main point is that this
method provides a determination of kF complete-
ly independent of that obtained from the ground-
state density as measured in elastic electron
scattering. This is a dynamical determination
of the Fermi momentum and the agreement with
the values obtained from the static ground-state
densities confirms the essential validity of this
simple picture of the nucleus.

Finally, we note that the Fermi-gas calculation

Table I. Nuclear Fermi momentum AF and average
nucleon interaction energy & determined by least-
squares fit of theory to quasielastic peak.

Nucleus
AF

(MeV/c) (MeV)'

3Li6

6
Ci 2

„Mg'4
ea4'
N~58 ~ 7

28
88

118.7n

73 aTai 81

Pb208

169
221
235
251
260
254
260
265
265

17
25
32
28
36
39
42
42
44

'The fitting uncertainty in these numbers is approx-
imately +5 MeV/c.

The fitting uncertainty in these numbers is approx-
imately & MeV. Simple estimates for & give numbers
in reasonable agreement with those in the table.

*Work supported in part by the U. S. Air Force Of-

systematically underestimates the cross section
at very large electron energy loss. Several im-
provements in the theoretical calculations should
be incorporated and may account for at least part
of this difference. For example, one should re-
tain a reasonable single-particle potential in the
energy-conserving 5 function, use a more real-
istic momentum distribution for the target nu-
cleons (including the effects of finite size of nu-
clei and of nucleon-nucleon short-range correla-
tions), and make a local Fermi-gas model which
better treats the nuclear surface. Nevertheless,
we again point out that the systematics of the
quasielastic region can be understood remarkably
well in terms of a very simple nuclear model.

The idea of using quasielastic electron scatter-
ing to determine the nuclear Fermi momentum
was first discussed in Ref. 1. We thank Pro-
fessor J. D. Walecka for suggesting this exper-
iment and for many helpful discussions during
the analysis. The Virginia Polytechnic authors
thank Professor Maurice Qoldhaber for indepen-
dently encouraging them to study the systematics
of the extracted Fermi momentum and Professor
R. Hofstadter, Director of the High Energy Phys-
ics Laboratory, for the hospitality extended them
during their visit. We also thar% Professor Hof-
stadter and Professor M. R. Yearian for their
support, and the operating crew of the Stanford
Mark III accelerator for their capable assistance.
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This is a very good approximation for the conditions
of oux' experiment, since the s wRVG Rnd lesonRnt
amplitudes for production on a nucleon are completely
out of phase at the resonance. This can be seen in the
results of Bef. 13.

Coulomb corrections have not been included in the
calculations, but simple estimates based upon the
eikonal approximation indicate that they are only R few
percent even for lead.
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The gricson fluctuations of the mirror decays ~50+ 7Li and 5N+ pe of a Na compound
state near 53-MeV excitation energy are found to be correlated, providing evidence that
isospin is a good quantum number at this high excitation energy.

For low-lyi. ng energy levels, isospin has been
shown to be a good quantum number. %ith in-
creasing excitation energy, though, the overlap
of states with different T increases since the
average width I' of the levels becomes larger
than their average separation distance D. The
extent to which isospin is a good quantum number
is accordingly predicted to deterioxate. ' How-
ever, at still higher excitati, on enexgies, I' be-
comes so large that it even exceeds the value of
the isospin-mixing Coulomb matrix element (0', ).
In other words, the half-life of the level becomes
too short to let the Coulomb forces mix the iso-
spin which should therefore again be a good
quantum number. "

Experimental confirmation of good isospin pu-
rity of highly excited levels is rather limited.

It consists largely of a trend for isospin-noncon-
serving nuclear reactions [such as aT =1 (d, o.)
reactions] to decrease in cross section with in-
creasing bombarding energy. ' However, the in-
terpretation of these results in terms of isospin
purity of an intermediate compound state is con-
fused by the increasing role of direct mecha-
nisms at higher bombarding energies. %e wish
to report what we think is experimental evidence
of isospin purity for the overlapping levels of
"Na near 53-MeV excitation energy.

In a study of the four-nucleon transfer reac-
tions "F('He, 'Li)"0 and "F('He, 'Be)"N near 40-
MeV bombarding energy, ' compound-nucleus ef-
fects were found to dominate at backward angle8,
as evidenced by a strong energy dependence of
the cross sections. Figure 1 shows excitation


