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characterized by a sudden increase in the J=12,
V=2 and J=10 and 14, V=4 components at the
expense of the low-J, Y =0 and 2 components. In
this region, we have alignment between R and J
so that R= lI-4I dominates. J results from the
parallel alignment of the spins of two valence
particles. No further dramatic change occurs
until the second backbend where the J=16, 18,
and 20, V =4 components grow suddenly. Above
this second backbend, these components continue
to dominate the wave function. For I=40, the J
=20,R =20 component enters with a probability of
76%. For I = 44, the J= 20,R = 24 component has
probability of 85%. Thus, the second backbend is
characterized by the alignment of the spins of all
four particles with R.

We believe that our simple model contains the
necessary ingredients for a description of the
rotation-alignment mechanism. We have four

particles in high-spin orbitals, a pairing interac-
tion, and coupling to a strongly deformed, col-
lective core. Our calculation of bvo backbends
agrees qualititively with the recent experimental
observation in "'Er. It seems likely, therefore,
tha, t the rotation-alignment mechanism can ac-
count for the "Er data. We have made no a,t-
tempt to fit the experimental data by varying pa-
rameters. Details of this calculation will be pub-
lished elsewhere.
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Inelastic o, -scattering experiments have been performed on 44Sm and Pb at E~ =96
MeV over the angular range 8'-01 -8'. It is apparent that the isoscalar giant resonance
in these nuclei consists of at least two broad components. The angular distribution for
one component (' Sm E„-12.4 MeV, Pb E„-11.0 MeV) is well described as E2, while
that for other component ( Sm E„-15.1 MeV, 0 Pb E„-18,7 MeV) is well described by
an EO excitation exhausting approximately 100o/0 of the EO energy-weighted sum rule.

The location of the isoscalar breathing-mode
state in nuclei has been the subject of consider-
able recent interest, The isoscalar giant reso-
nance (GR) observed by inelastic scattering at an
excitation energy of -63/A"' Me V in many nuclei
was a possible candidate but has been considered
to be predominantly quadrupole' (the GQR), ex-
hausting a large fraction of the isoscalar E2 en-
ergy-weighted sum rule (EWSR).

From inelastic-electr on-scattering experiments
Pitthan et al. ' have interpreted the 8.9-MeV state
in ' 'Pb as the breathing-mode state, but subse-
quent experiments' have cast considerable doubt
on that interpretation. Fukuda and Torizuka4 and
Sasao and Torizuka4 have shown that their elec-
tron-scattering data on "Zr and 'O'Pb are consis-
tent with the existence of a breathing-mode state
very near the isovector-dipole state (the giant-
dipole resonance, GDR). This interpretation is
critically dependent upon the model chosen for ex-

citation of the GDR, however. Marty et al. ' have
suggested that differences in their inelastic deu-
teron data and our inelastic n spectra might be
due to a breathing-mode state located just above
the GQR in OCa ' Zr, and ' 'Pb

In recent work by Harakeh et al. ' at Groningen
utilizing inelastic n scattering at 120 MeV a
shoulder on the higher excitation side of the GR
has been identified in "'~"Pb, "'Au, and '"Bi,
The angular distribution obtained from 12 ~ 8~
~ 21' for this shoulder is consistent with I- =0,
2, or 4 transfer, although sum-rule arguments
were advanced against an I.= 2 assignment.

In our earlier e-scattering studies' at 97 and
115 MeV and GR peak was observed to be asym-
metric in many heavy nuclei. An analysis sepa-
rating the GR peak into two components was per-
formed for "'Pr, '"Nd, and ' '"'"Sm. The an-
gular distributions for both components were the
same within the uncertainties over the angular
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range 13' - 0~ - 25 hence the entire asymmetric
peak was attributed to the GQR.

In this Letter we present new data which show
that the inelastic a-scattering angular distribu-
tions for the two major components of the GR
peak in "4Sm and ~'Pb are substantially different
for small angles (3 ~ 0 ~8') and are consistent
with the assignment of the higher excitation ener-
gy component ('44Sm E,=15.1 MeV, '"Pb E,=13.7
MeV) as the isoscalar breathing-mode state ex-
hausting -100% of the EO EWSR. The lower exci-
tation component is the isoscalar quadrupole
state which exhausts -90% of the E2 EWSR.

Self-supporting metal-foil targets enriched to
greater than 95% in the desired isotopes were
bombarded with 96-MeV e particles from the
Texas A 5M University cyclotron. Inelastically
scattered n particles were detected over an out-
going energy range of 50 MeV with an 86-cm-
long resistive-wire proportional counter in the
focal plane of an Enge split-pole magnetic spec-
trograph. The proportional counter was backed
by a scintillator to provide both total energy and
time signals. Signals from u particles were se-
lected utilizing the energy and time-of-flight sig-
nals from the scintillator and the energy-loss sig-
nal obtained from the proportional counter. The
signals were routed to a PDP-15 on-line comput-
er and sums, divisions, and pulse selection were
performed in real time.

Considerable care was taken to reduce effects
of slit scattering and to insure the absence of
spurious components in the beam. The solid-an-
gle-defining slits at the entrance to the spectro-
graph were 1.5-mm-thick brass, polished to a
mirror finish. The angular acceptance of the
spectrograph for this experiment was limited to
—,
"horizontally (to reduce angular averaging over
the rapidly varying distribution) and 1—,

"vertically
(to remove the possibility of rays intercepting the
pole faces and causing spurious spectral contribu-
tions). The beam was stopped on 5-mm-thick Ta
attached to the defining slits and the beam current
was integrated. Three x-y slit pairs were used
after the exit slit of the 165 analyzing magnet as
beam clean-up slits, but none were permitted to
cut into the primary beam. A switching magnet
affording a 10 bend between the first and second
x-y slit pairs aided in cleaning out spurious beam.
With the spectrograph at 2' and an empty target
holder in place, the n spectrum was continuous
in energy and the number of events obtained was
negligible relative to the yield with the target in
place. Spectra for "C, 'Ti, and ' 'Pb were taken

at 0~ =2', 2—,", and 3' (with the elastics blocked
from the counter) to determine the effects of slit
scattering. With the "C target the spectrum tak-
en at 2' was clean and looked similar to those ob-
tained at larger angles; with the "Ti target slit
scattering was dominant at 2'but the GR was still
quite visible, while at 3 the spectrum appeared
much the same as at larger angles. With the
"'Pb target, slit scattering dominated the spec-
trum at 2', but the GR was discernible at 2~".
The magnitude of the observed slit scattering is
consistent with that found by Resmini et a/. ' for
polished-brass slits and followed roughly the
Rutherford cross section as the target was
changed. The beam-energy choice was a compro-
mise; higher-energy beams enhance the giant-
resonance yield relative to the continuum, but al-
so move the first minimum in the angular distri-
butions to smaller angles.

Data were taken on both '"Sm and ~'Pb at 3,
3—,", 4', 4~", 5', 6', 7, and 8' with good statis-
tics to ascertain the shape behavior of the GR
peaks over these small angles. To reduce the
chances of misinterpretation due to spurious con-
tributions to the spectra, most of the data were
taken a second time utilizing differing beam op-
tics and spectrograph magnet settings. Addition-
al data were taken on '"Sm from 12 to 18 to al-
low normalization comparisons with data taken
with counter telescopes. Relative normalizations
were obtained from the integrated current for
each run, while absolute normalizations were ob-
tained from comparisons with counter data taken
previously. '

A "'Pb spectrum taken at 4' and portions of the
"'Sm spectra taken at 3', 4', and 7' are shown
in Fig. 1. The data were analyzed by fitting a
multicomponent peak to the observed peak after
subtraction of a nuclear continuum estimated with
the procedure described in Ref. 1. For 'O'Pb con-
siderable fine structure was apparent on the GR
peaks and fits consisting of four narrow Gaussian
components plus two broad Gaussian components
generally were necessary. For '44Sm no fine
structure was apparent so fits were restricted to
two broad components. The data were best re-
produced when the lower-excitation component
was assumed to be somewhat asymmetric. The
peak positions and widths obtained for the two
broad components were consistent over the angu-
lar range studied and the values obtained are sum-
marized in Table I. They are in excellent agree-
ment with those obtained for '"Sm by a similar
analysis of our previous' counter data and for
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FIG. l. (a) A Pb(n, n') spectrum taken at OL =4 .
The dashed line indicates the background chosen. (b) A

portion of Sm(o. ,o.') spectra (E„=96MeV) taken at
8', 4', and 7' are shown after subtraction of the contin-
uum background. Gaussian peaks are shown for both
components utilizing positions and widths from Table I.
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FIG. 2. Angular distributions obtained for both compo-
nents of the giant resonance peaks in Sm and Pb.
DWBA calculations are shown for several L transfers.
The normalizations for the L = 1 and L =4 calculations
are arbitrary.

TABLE I. Parameters obtained for the two compo-
nents of the GR peak.

Ex
(MeV) (MeV) J$ p2+2

EWSR-
('io)

~44s

208pb

12.4 + 0.4
15.1+0.5
11.0 + 0.2
18.7 + 0.4

2.6+ 0.4
2.9 + 0.5
2.7+ 0.8
3.0+ 0.5

2+
0+
2+
0+

0.48
0.22
0.85
0.17

85+ 15
100+ 20
90+ 20

105+ 20

'O'Pb by Harakeh et al.' The angular distribution
obtained for the two broad components for both
'~Sm and ' 'Pb are shown in Fig. 2. In each ease
the angular distributions for the two GR compo-
nents are different as is apparent from the spec-
tra shown in Fig. l.

Distorted-wave Born-approximation (DWBA)
calculations were performed using the computer
code DWUCK. ' The calculations used were per-
formed with the parameters listed in Ref. 1

("'Sm parameters were used for '44Sm). Several
optical-potential-parameter sets from the litera-
ture were tried, but the results were roughly in-
dependent of optical parameters. Monopole cal-
culations were performed using both Satchler's'
version-1 and -2 form factors. The other form
factors and sum rules used are discussed in Ref.
I. The magnitudes of the DWBA predictions
changed somewhat with differing optical poten-
tials, differing form factors (for the monopole),
and differing Coulomb-excitation parameters;
however, the shapes of the angular distributions
were essentially unchanged. The predictions for
a monopole state, the isovector-dipole state, a
quadrupole state, and a hexadecapole state are
shown superimposed on the data in Fig. 2. It is
readily seen that the lower-excitation component
is relatively well fitted by the quadrupole calcula-
tion, while the higher-excitation component is
fitted adequately by the monopole calculation. In
particular, the predicted signature of a monopole
state, a sharp minimum around 4, is very appar-
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ent in the data for the higher-excitation compo-
nent for both nuclei, while no such dip exists in
the data for the lower-excitation component. The
prediction for the GDR is out of phase with the
data. The sum-rule fractions obtained are sum-
marized in Table I; the uncertainties indicated
reflect only an estimate of the uncertainty in nor-
malization of the DWBA calculations to the data.
Realistic uncertainties due to background choice
and peak-fitting ambiguities are + 50 in the
EWSR for the monopole state and 25% for the
quadrupole state.

These results are in agreement with those of
Refs. 4 and 5 for the location of the breathing-
mode state in "'Pb. The EWSR fraction obtained
agrees with the value obtained at Sendai using a
Gamow-Teller analysis and with the Harakeh
et al. ' I.= 0 analysis. The EO assignment sug-
gests that the upper component observed' in "'Pr,

Nd, and 148Sm and in6 206Pb 197Au and 209

may also be predominantly monopole.
An energy of 13.7 MeV for the breathing mode

in "'Pb is in excellent agreement with several
recent theoretical estimates. ""Utilizing the
liquid-drop model, the breathing-mode energy is
related to the nuclear-matter compressibility K
by

where R is the nuclear radius and m is the nucle-
on mass, The use of ED=13.7 MeV for O'Pb and

Eo = 15,1 MeV for '44Sm results in values for K of
208 and 197 MeV, respectively, in fair agree-
ment with those predicted by Pandharipande. "

These values are typical of those obtained using
realistic nuclear forces (K-150—200 MeV) and
are sharply lower than the values obtain with den-
sity-dependent Skyrme-type forces (K-300 MeV).
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