
VOLUME 19, NUMBER 25 PHYSICAL REVIEW LETTERS 18 DECEMBER 1967

to relate the masses of members of an unbound
isospin quartet. The T = 2 states in 'He, 'Li,
and 'Be can be used to predict a mass excess
for 'B of 27.76+0.17 MeV, which is seen to
be in good agreement with experiment. This
agreement is interesting since, unlike the ear-
lier investigations involving bound isospin quar-
tets, ' ~ the members become increasingly
unbound to allowed decay modes in moving
from 'He to 'B, so that their wave functions
could be quite different. Unfortunately, no
theoretical estimates are available concern-
ing the magnitude of expected deviations from
the IMME in such multiplets.

We wish to thank Dr. Fay Ajzenberg-Selove
for her generous gift of the "Band "B targets
used in these experiments.
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We have observed the inelastic scattering of 150-MeV electrons from tin-116, tin-120,
and tin-124. The main 2+ and 3 states have been studied. By comparison of the re-
duced transition probabilities +exp(L 0) with the corresponding single-particle esti-
mates Big —0), we have measured the collective character of these levels which chang-
es appreciably from one isotope to another.

Vfe have carried out an experiment on tin-116,
tin-120, and tin-124 by inelastic electron scat-
tering in order to study the electromagnetic
properties of the E2 and E3 collective transi-
tions in these nuclei. We used the electron
beam of the linear accelerator of the Ecole
Normale Supdrieure at Orsay. The measure-
ments were carried out with 150-MeV electrons
and the total experimental energy resolution
was 0.35%.

The electric multipole transitions are ana-
lyzed with transition charge densities' which
are the convolution of

p, (i,f)=5(x R), p, =-(2'') "'exp( —x'j2g') (l)

and are proportional to the radial derivative
of the static charge density. An analysis of

the elastic scattering has given the values of
the parameters R and g.' Thus, these transi-
tion charge densities are described by a smeared
6 function situated at the surface of the nucle-
us; they do not correspond exactly with those
given by the microscopic model of the nucleus. 3

In Born approximation, this leads to a form
factor

IFMI'=PLJL'(qRB) em(-q'rB') =PL L (2)

where RB and gB are parameters given by an
analysis of the elastic scattering with Born
approximation. In order to determine the ex-
perimental form factor we use the phase-shift
point cross section as a reference. By normal-
ization to the reduced experimental data we
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FIG. l. Experimental form factors for the E2 transi-
tions.

FIG. 2. Experimental form factors for the E3 transi-
tions.

determine the value pL of the ratio lE/~l jPL.
In Figs. 1 and 2, we may see that the experi-
mental data for E2 and Es transitions are in
fairly good agreement with the phenomenolog-
ical form factor.

From the normalization factors PL, we may

deduce the reduced transition probabilities by
the expression

8 (L-0) P Z R
2 2L

exp L
e' 411 (2L+ 1)

'

Table I. (a) Values of the fitting parameters PL, with the Born approximation inelastic form
factors. (b) Values of the reduced transition probabilities Bexp(1 0) compared with the single-
particle estimate of Moszkowski, gi(I. 0); their ratio is also indicated and compared with
values obtained by other methods.
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gfe can compare the results with the single-
particle estimate of Moszkowski4:

B (I. -O) 1( 3

e2 4vr k3 + L1

The value G =Be~/Bl gives a measure of the
collective character of the excitation. To take
into account the deformation of the wave func-
tion in the vicinity of the nucleus, we must in-
troduce in formulas (1) and (2) the exact val-
ue of R given by the phase-shift analysis of
the elastic data. Our results are given in Ta-
ble I and compared with those given by Coulomb
excitation' and by nuclear resonance scatter-
ing of y rays. 6'

Our study emphasizes the electromagnetic
properties in spherical nuclei with an incom-
plete neutron shell. These properties are pro-
portional to the components of the proton wave
functions in the closed shells and vary appre-
ciably from one isotope to another. From this
point of view, although electromagnetic and

nuclear interactions are different, it is inter-
esting to compare collective multipole excita-
tions given by inelastic scattering of electrons
and e particles.

We wish to thank Professor A. Blanc-Lapierre
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We thank V. Gillett for stimulating discussions
and personal interest in this work.
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Since the discovery of isobaric analog resonances in heavy nuclei, it has been realized that impor-
tant nuclear-structure information could be derived from a study of the various decay widths of these
resonances. ' In particular, the elastic proton width is expected to be simply related to the spectro-
scopic factor of the corresponding parent analog state. In this Letter we present a method suitable
for the quantitative extraction of spectroscopic factors and apply it to study the low-lying states in
'"Pb. The analysis is done in two steps'. First, a single-particle potential is found that gives an

adequate description of the low-lying states in '"Pb. This potential, together with a charge-exchange
term of known strength, completely determines the potentials occurring in the Lane equations,

fr+ U + & +-. (& -1)V -& ) V = -(-.T )"'V V C,

[K+ U + VC- TO VI &]y
C

=--( 7'O)—' 'VIP ~. (1b)

Here Uo stands for a Saxon-Woods potential with a spin-orbit term. The charge-exchange interac-
tion is taken to be (t ~ T,)V,(~) with t and T, denoting the isospin operators of the extra nucleon and

core nucleus, respectively. Finally, the Coulomb displacement energy is denoted by ~C and the Cou-
lomb potential by VC(r). These equations have been solved numerically by a number of authors. '

Instead of resorting directly to numerical methods, we first replace the coupled equations by the
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