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shape isomers this mode must be considered.
There is still the question of hindrance of the EO
mode. Unfortunately, there are no accurate mea-
surements of 0' state lifetimes in this region.
For essentially no decay via an 8-keV transition,
we extract from 7 a monopole matrix element p

0 07 0 py This p is a factor of 5 smaller than
those observed from 0+ P-type vibrational states
in deformed rare-earth nuclei. While these P-
vibrational states are in a different region, the
differences in p are suggestive that retardation
has occurred as expected for a shape isomer. It
is necessary to calculate the monopole strength
in a coexistence model before predictions of
shape isomerism really can be tested. Indeed,
these 0' states provide sensitive tests of future
calculations.
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The E2 giant-resonance region in sd-shell nuclei was studied by inelastic scattering of
106-, 120-, 145-, and 172.5-MeV a particles. Strong excitation in this region was ob-
served for all investigated nuclei ( 6Mg and Al) at the higher incident energies. At
lower incident energies, the tail of the giant resonance tends to be obscured by another
broad distribution. In the E2 giant-resonance region, there is more fine structure in the
Mg isotopes than in Al.

Thi. s Letter is written in view of very recent
work' concerning the excitation of giant quadru-
pole resonances in various nuclei by inelastic o
scattering at 96 and 115 MeV. The authors of
Ref. 1 claim that in going from heavy nuclei to
lighter ones (A & 32) a qualitative change occurs
in the isoscalar giant quadrupole resonance (GQR).
From their experiments no GQR peaks were ap-
parent for nuclei with A & 32. Therefore, they
conclude that for these light nuclei the E2 strength
is no longer clustered in a single broad peak but
must be fragmented among many levels over a
wide energy range. Moreover, investigations of
E2 strength distributions in light nuclei with ra-
diative capture experiments indicate a fragment-
ed distribution of E2 strength which is spread out
over about 15 MeV, with very little strength in
the region of the expected position of the GQR
(63A "' MeV). On the other hand, there are ex-

perimental indications that quadrupole strength
in light nuclei is concentrated ("C,' "0,'' "Mg,'
""Ne, "Si,' and "Al'), exhausting a consider-
able amount of the energy-weighted sum rule
(EWSR).

In order to investigate in more detail the ques-
tion of strength concentration in the GQR region
in light sd-shell nuclei, inelastic scattering ex-
periments were performed on '4"'"Mg and "Al
nuclei by use of 106-, 120-, 145-, and 172.5-
MeV e beams of the Julich isochronous cyclotron
JULIC. The idea was that possibly there is an
energy dependence in the yield of the GQR in (n,
n') experiments which may explain part of the
controversial results mentioned above. Great
efforts were made to optimize the beam proper-
ties and to avoid slit scattering. ' The targets
were self-supporting foils of highly enriched
"Mg, "Mg, and "Mg and a foil of natural "Al.
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FIG. 1. Spectra of ~ particles scattered inelastically by -
Mg and Al at 106, 145, and 172.5 MeV incident ener-

gies. The "Gg, regior" indicated in the figures is suggested empirically from the strongly excited region surround-
ing the expected GQB (DT =0} location at —= 68A MeV (upper arrows). The kinematic limits for 5He and 'Li break-
up contributions are indicated by solid and dashed arrows, respectively.

The scattered particles were detected by detec-
tor telescopes operating in the AE -E mode. The
experimental details are described in Ref. 9.
Spectra were taken for all targets and bombard-
ing energies in the vicinity of the first minimum
of tile elas'tlc cI'oss sect1011 (OI b

= 6.5 -8.v ) 111

order to provide constant momentum transfer.
In Fig. 1, spectra for "Mg and "Al are dis-

played. Similar spectra have also been obtained
at 120 MeV. All spectra show strong excitation
in the giant resonance (GR) region around 63A
MeV excitation (upper arrows) for the higher in-
cident energies. At lower incident energies the
excitation in the GR region becomes less visible
in accordance with Ref. 1.

An important feature which emerges from the
spectra taken at 172.5 and 145 MeV is the appear-
ance of two broad peaks beyond the GR region,
e.g. , around 55 and 37 MeV in the 172,5-MeV
"Al spectrum in Fig. 1. These peaks, carrying

considerable intensity, move to lov"er excitations
with deereRslng incident energy. The lo%'el one
merges in the GR region in the 106-MeV ease and
can therefore obscure the shape of the tail of the
peak in the GR region. This seems to be one rea-
son why the strength concentration in the GR re-
gion was not seen before at these lower energies. '
The movement of these two broad peaks is in ae-
eordance with that of the kinematical limits for a
particles originating from the decay of 'He (full
lower arrows) and from 'Li nuclei (dashed lower
arrows) created in pick-up reactions (see Fig. 1).
Even if such details as the intensity distribution
lneludlllg the t%'0 bl ORd peRks remain to be urldel-
stood more quantitatively, it is tempting to as-
sume„ in accordance with Ref. 1, that this distri-
bution originates mainly from 'He and 'Li a de-
cays. This is supported also by the fa.ct that in
all cases where the lower arrows are very close
(due to Q values) the spectra show a more pro-
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FIG. B. Experimental angular distributions of the gi-
ant resonance in Mg and Al at 172.5 MeV incident en-
ergy (points). The curves represent DWBA calculations
with L =2 (real coupling).
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FIG. 2. Spectra of 0. particles scattered inelastically
by Mg, ~Mg, and 6Mg at 172.5 Me V incident energy.

nounced bump (e.g. , in the "Mg and "Mg spectra
of Fig. 2). Furthermore, when the kinematical
limits for 'He and 'Li o. decays are widely sepa-
rated, the broad peak observed at lower excita-
tion energies tends to be grouped into two parts
(e.g. , in the "Mg spectra taken at 172.5 MeV).

The 172.5-MeV spectra were evaluated by sub-
tracting the continuum as indicated in Fig. 1. Be-
cause of the intensity hidden under the "lower"
peaks from the 'Li and 'He e decays, the divid-
ing lines may have to be lowered considerably.
This would increase the intensity of the GR peak
extracted from the data, especially in the case of
the lower incident ener gies.

The "Al 106-MeV spectrum (Fig. 1) is similar
in structure to that shown in Ref. 1. There is no
peak apparent in the GR region. However, the
two "Al spectra, taken at 145 and 172.5 MeV ex-
hibit a pronounced GR peak with a full width at

half-maximum (FWHM) of 7.6 MeV and a centroid
energy of approximately 18.5 MeV, which is
somewhat lower than expected from the 63A "'-
MeV formula. The fine structure on the compact
GR peak of "Al shows up in the same way in the
spectra taken at 145 and 172.5 MeV. Obviously,
the yield for the GR peak increases if the a en-
er gy is increased from 106 to 172.5 MeV, while
the continuum yield remains roughly the same.
This may be another reason why the strength
concentration in the GQR region was not seen be-
fore' in the sd-shell nuclei.

The spectra of "Mg (Fig. 1) taken at 145 and
172.5 MeV display again strong excitation in the
expected GQR region. However, the strength in
this region is split into many components. Alto-
gether the strength is not less than that in "Al
and the overall FWHM of this strength distribu-
tion is even somewhat smaller than that of the
compact peak in the GQR region of the "Al spec-
tra. Similar to the "Al case, the excitation in
the GR region is less visible for lower incident
energies. The details of the split structure in
the GR region are seen in spectra both at 172.5

and 145 MeV. The main structure can even be
seen in the 106-MeV "Mg spectrum.

Figure 2 shows the spectra of the Mg isotopes
obtained at 7" for 172.5 MeV incident energy, all
measured with the same energy resolution. All
three spectra show strong excitation in the GR
region. The GR strength, however, is split into
several peaks, whose number and position vary
with A value. For "Mg there is a tendency for
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the amplitudes of the fine-structure peaks to de-
crease with increasing excitation energy.

Figure 3 shows the angular distribution of the
GR for these nuclei at 172.5 MeV incident energy.
These experimental data show a structure which
can be described in distorted-wave Born-approx-
imation (DWBA) calculations with L = 2. Similar
results have been obtained at 145 MeV. This sup-
ports the predominant isoscalar quadrupole na-
ture of the strong excitation in the GR region. On

the basis of calculations similar to those of Ref.
4, the isoscalar E2 EWSR limit is estimated to
be depleted in both cases to about 40-70%. The
observed increase of the GR cross section with
incident 0 energy at the same momentum trans-
fer is in agreement with DWBA predictions made
with extrapolated optical-model parameters.

Finally, the question rema. ins as to why so lit-
tle E2 strength in the GQR region of light nuclei
was seen in capture reactions. ' Possibly, in ad-
dition to the configurations involved in the E2 ex-
citation in capture reactions, other conf igura-
tions carrying E2 strength can be excited in (a,
o. ') scattering.

We thank Professor Aaron Galonsky for discus-
sions.
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Peripheral collisions between ' 0 and Pb are investigated at a laboratory energy of
315 MeV. The relative cross sections are remarkably similar to published cross sec-
tions measured at 33.6-GeV laboratory energy. They are compared with statistical mod-
els involving dinuclear systems and projectile fragmentation.

The measurement of cross sections for parti-
cles produced by heavy ions of relativistic ener-
gies at forward scattering angles" has evoked
substantial theoretical study. ' ' At these ener-
gies, the relative velocities of the colliding nu-
clei considerably exceed the Fermi velocities of
the nucleons in the target and projectile. Con-
sequently, the interactions between the two nu-
clei occur on time scales short compared with
the time required for nuclear relaxation. How-
ever, the rather small momentum transfers and
the distribution of the particle yields observed in

these peripheral reactions have suggested that
the comparatively slow statistical decay of the
primary reaction products is important for a
quantitative understanding of the experimental
findings. ' ' The abrasion-ablation model' is an
example of such a two-step process in which the
initial abrasion of nucleons from projectile and
target is followed by the statistical decay of the
highly excited remnants. In contrast, diffusion
and equilibration phenomena of the target-pro-
jectile complex' "are observed in heavy-ion re-
actions at energies only a few (1-3) MeV/A above

1191


