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Evidence for 10 + 2C cluster structure in 28Si
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A study of the *2C(2°Ne,'2C'®0)*He reaction has revealed ®*O~+'?C breakup from states in ?®Si.
These states may correspond to highly deformed shape isomeric configurations.

PACS number(s): 24.30.—v, 25.70.—z, 27.30.+t

In recent years a number of studies have been reported
on the breakup of 2¢Mg to 2C + 2C. These have in-
cluded breakup induced by scattering of electrons [1],
protons [2], and « particles [3], as well as inverse reac-
tions where a 2Mg projectile is scattered from a 2C tar-
get [4,5]. All these experiments revealed peaks in the rel-
ative energy spectrum of the two 2C fragments, suggest-
ing that the breakup was occurring from discrete states
in the 2¢Mg nucleus. Although one of the principle aims
of these studies was to look for a link with the resonances
observed in 12C + 12C scattering studies, confirmation of
this association has only recently emerged [6].

More recently, the inverse scattering technique has
been used to extend the breakup spectrum to higher ex-
citation energy [7] and the spins of the breakup states
have been determined from a measurement of the angular
correlation of the decay fragments [8]. This latter mea-
surement revealed an energy-spin systematics consistent
with a rotational structure and lead to the speculation
that the breakup could be associated with bands based
on highly deformed shape isomers. Such configurations
are predicted to occur in the relevant excitation energy
region in 2*Mg in a number of different theoretical cal-
culations; for example, the Hartree-Fock calculations of
Flocard et al. [9], the cranked a cluster model calcula-
tions of Marsh and Rae [10], and the Nilsson-Strutinsky
calculations of Leander and Larsson [11]. The recent ob-
servation of the same breakup states following excitation
of the 2*Mg nucleus by « transfer has suggested [12] an
association with one specific isomeric configuration: a hy-
perdeformed (3:1) prolate shape with an a-'¢O-« struc-
ture, as this has a predominantly 4p4h configuration.

The same theoretical models which predict the exis-
tence of deformed shape isomers in 2*Mg also suggest
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that they will exist in other neighboring sd shell nuclei.
It is therefore of interest to see whether such structures
can be observed experimentally. One of the likely candi-
dates is 28Si, as evidence (although with very poor statis-
tics) was-reported in an earlier measurement [5]. In ad-
dition, a number of studies have reported resonances in
the scattering of 12C+'60 similar to those observed in
12C412C scattering. In this paper we present evidence
for 12C+%0 cluster structure in the 28Si nucleus.

The data were obtained during an experiment per-
formed at Lawrence Berkeley Laboratory. A 160 MeV
20Ne beam was used to bombard a natural carbon foil
of 240 pug cm~2 and coincident 2C and O nuclei were
detected from the 2C(2°Ne,'2C'60)*He reaction. The
detector setup employed six telescopes mounted three on
each side of the beam axis. The three telescopes on each
arm were mounted in a vertical arrangement with the top
and bottom telescopes 10° above and 10° below the hor-
izontal plane, hence forming three diametrically opposite
pairs. Each telescope consisted of three silicon detectors
— a thin (30 ym) AE detector, an intermediate (510
pm) E detector, and a final (2000 ym) E B stopping de-
tector. The AE and E detectors were position sensitive
with their position axes crossed to give both X and Y
readout. Hence the in-plane and out-of-plane angle of
each fragment could be determined. The detectors were
10 mm x 10 mm and the front face of the AFE detector
was mounted 120 mm from the target. The 2°Ne beam
current averaged around 30 enA for the duration of the
experiment and data was obtained for five settings of the
arms.

Figure 1 shows the FEi.; spectrum for coincident 2C
and 80 nuclei for all five angle settings for one of the out-
of-plane detector pairs. Fyos is the total energy in the exit
channel (the summed energy of the two detected frag-
ments plus that of the unobserved recoiling particle cal-
culated from the missing momentum) and hence is a mea-
sure of the @Q value of the reaction. The highest energy
peak corresponds to those events where all three particles
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(*60, 2C, and “He) emerge in their ground state. The
next lowest energy peak corresponds to the two breakup
particles emerging in their first excited states (4.44 MeV
in '2C and 6.05/6.13 MeV in 60) which are not resolved,
and below this a peak corresponding to the mutual exci-
tation of these states is visible.

Gating on the highest energy peak, we can calculate
the relative energy (Ere) of the two fragments, which re-
lates directly to the excitation energy in the ?8Si nucleus
from which the breakup has occurred. Figure 2 shows
the summed spectrum from all angle settings, showing
breakup from the region 30-40 MeV. The overall profile
of the spectrum is determined by the varying detection
efficiency at different excitation energies, which reflects
the choice of detector angles.

Within the efficiency profile, the excitation spectrum
shows a number of peaks superimposed on an underlying
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FIG. 1. Ei. spectra for 160+12C coincidences at all angles
in one of the out-of-plane detector pairs. The peak marked
Qggg in the middle spectrum shows the peak corresponding

to all particles emerging in their ground state.
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FIG. 2. Excitation spectrum for the states in ?®Si breaking
up to ¥0+12C.
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FIG. 3. Two-dimensional plots of (a) Ec—« vs Eo—c and
(b) Eo—« vs Eo—c. The vertical locii in each plot indicate a
160-12C final-state interaction.
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continuum. This structure in the breakup yield suggests
the breakup is occurring from discrete states at high exci-
tations in the 28Si nucleus which have a pronounced 12C
+ 160 cluster structure. These results are remarkably
similar to those obtained in the previous measurements
of 12C + 2C breakup from 2*Mg, and hence suggest a
similar structural origin.

Inherent in this analysis is the assumption that the
observed yield arises from 60 + 12C breakup of an
excited 28Si nucleus formed in the '2C(2°Ne,28Si*)*He
reaction. The same exit channel particles could, how-
ever, arise from a number of different reaction processes,
for example, a + 2C breakup from ®O formed in the
12C(?°Ne,%0*)160 « stripping reaction or a + €0
breakup of ?°Ne formed in the 2C(?°Ne,?°Ne*)'2C in-
elastic scattering reaction. Since in both these reactions
one of the heavy fragments will be emitted at backward
angles in the center-of-mass frame and hence have a low
laboratory energy in the forward angle region where it is
detected, the yield might be expected to be low. Never-
theless, either process can, in principle, contribute to the
measured 12C + 60 coincidence yield.

If either of the above two reactions occur then we could
expect to see peaks in the F.. calculated between the
12C + a or %0 + a, corresponding to breakup from
specific excited states in the 10 or 2°Ne nucleus, respec-
tively. Figure 3 shows two-dimensional plots of (a) Ec_a
vs Eo_c and (b) Eo—q vs Eo_c. While the vertical locii
corresponding to the *0+'2C states in 28Si are visible,
in neither plot is there any indication of horizontal locii
which would imply a 2C-a or 60-a final-state interac-
tion.

If the breakup is from states in 28Si, then in principle it
should be possible to see some states in the other breakup
channels evident in Fig. 1. Unfortunately, the resolution
in the measurement is insufficient to resolve the decays to
the first excited states in 12C and ®O (the second peak in
Fig. 1) and although the data for the mutual excitation
decay channel are clear, the breakup is occurring from an
excitation region some 11 MeV higher and so does not
overlap the spectrum shown in Fig. 2.

The breakup of 28Si to 12C + 60 has been observed
in the 12C(2°Ne,'2C'60)*He reaction. The breakup spec-
trum shows yield from a number of discrete states in the
28Gi nucleus at high excitation. The similarity of the
structure in the %0 + 2C spectrum to that observed
in the 2C + !2C breakup of Mg suggests a similar
underlying structure. Both Nilsson-Strutinsky calcula-
tions and cranked cluster model calculations suggest that
highly deformed shape isomeric states exist in 28Si in the
relevant excitation energy region. One key feature which
might help associate the breakup states with these struc-
tures would be the observation of a rotational band with
the relevant moment of inertia. Unfortunately, the lim-
ited statistics of the present measurement preclude spin
determinations from the breakup angular correlation. A
higher statistics measurement would clearly be of interest
to see if a rotational sequence is present as in the Mg
nucleus.
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