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There are several known T = 1 states in 'O in the region of 24 to 27 MeV excitation. We
observe the alpha-particle decay to the ground state of >C of many excited states in '®O, some of
which reside between 24 and 27 MeV. Either we have observed new states in '®0 or there is a very
strong admixture of 7' = 0 in these previously assigned T = 1 states.

PACS number(s): 21.10.Hw, 23.60.+e, 27.20.+n, 25.70.—z

A search for high spin alpha-particle cluster resonances
in %0 has resulted in the discovery [1] of a broad J™ =
8% .9~ resonance at 29.9 MeV excitation, but has not re-
vealed evidence for the long sought 81 state predicted by
various alpha-particle models [2] at somewhat lower exci-
tation. The reaction used, 2C(12C,'*0* — a+'2C)®Be
at 120 MeV bombarding energy, also did not reveal any
appreciable strength for ground state alpha-particle de-
cay of 60 excited between 23 and 28 MeV. The states of
160 were observed by kinematic reconstruction of coinci-
dence events in which the positions and energies of both
the alpha-particles and the 12C particles were measured.

We have made a similar measurement but using the
entrance channel of “Li + 2C with a carbon bombard-
ing energy of 90 MeV. Although the present reaction has
T =% in both entrance and exit channels, our data present
evidence for major new T' = 0 strength. The detection
setup was the same as used in an investigation of the
decay of 1°N* [3] except that the 5 cm long position sen-
sitive alpha-particle detector and the position sensitive
particle identifying telescope were at laboratory reaction
angles of plus and minus 20°, on opposite sides of the 2C
beam. The 5 cm long detector spanned an angular range
in the reaction plane of about 27° while the 1 cm di-
ameter telescope spanned about 5°. The time resolution
for the coincidence was sufficient to determine that the
particles were emitted within a single beam pulse of the
Florida State University Tandem/LINAC accelerator. In
our reaction, "Li(*2C,'®0* — a+!2C)t, the momenta of
the two detected particles are used to calculate that of the
third, and hence a @Q-value spectrum can be calculated
based on the assumption that the particle in coincidence
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with the identified 2C is an alpha particle and that there
are only three particles in the final state. Such a spec-
trum generated for the present experiment is shown in
Fig. 1.

The vertical arrows in Fig. 1 indicate the positions of
known Q values of some multiparticle final state reactions
with a “Li + 12C entrance channel. The shaded region
shows the approximate @Q-value range of a gate used to
identify the events for which decay energies for 160 — oy
+ 2C(g.s.) were calculated. The background under this
peak of interest can be a combination of accidental co-
incidences, spontaneous breakup of “Li, and, since there
is no particle identification in the 5 cm long detector, we
allow a background of coincident events between a 2C
and either ¢, d, or p which would be treated as 2C + «
events in the kinematic analysis. The large broad maxi-
mum on the right of the figure is undoubtedly a combina-
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FIG. 1. Negative Q-value spectrum based on the assump-
tion that the reaction is "Li+'2C—'2C+a+t and that the
particles detected in coincidence are *?>C and a.
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tion of these background components and the four-body
and five-body channels which open as indicated. In con-
trast to the work of Rae et al. [1], alpha-particle decay
to the first excited state of 12C at ~4.4 MeV did not sig-
nificantly indicate states in 60 in the excitation energy
region of interest.

A spectrum of the calculated relative energies (Ee;)
between the two particles detected in coincidence, for the
events in the shaded region of Fig. 1, is shown in Fig.
2. Except for the peaks labeled at excitation energies of
24.9 MeV and 26.8 MeV, all peaks have corresponding
energies which agree with values tabulated by Ajzenberg
[4] which also gives the J™ values indicated in Fig. 2.
The two unexpected peaks are in a region of the %0*
spectrum which contains eight “known” [4] T = 1, natu-
ral parity states, between 24 and 28 MeV excitation, yet
states are prominently observed here in a T' = 0 decay
channel. The single T' = 0 state in this region, at 24.36
MeV [4], is well below the 24.9 MeV peak shown in Fig.
2. The detection threshold dictated by our detector ge-
ometry is near £, = 10 MeV. The effective solid angle
for 160*(E,) detection between E, = 18 and 30 MeV is
nearly constant, varying from 1.5 to 1.2 msr. The great
decrease in yield at higher excitation is because of a kine-
matic reduction of the cross section and not because of
lack of detection efficiency.

The excitation near 25 MeV has also been observed in
the T = 0 entrance and exit channel reaction, 12C+42C—
a+12C+8Be, with the yield less than but comparable
to other T = 0 states, although with quite poor statis-
tics [5]. It was also found advantageous in that work to
consider the scatter plots of E.., for the particle pair
of interest, vs the E. of other pair combinations in
the three-body final state. In the present case, scatter
plots of Ee(**0— a+!2C) vs Ere("Li— a +t) and of
Eia(**0— a+'2C) vs Ere(*®N* — t+!2C) do not in-
dicate that specific excitations regions of Li, decaying
by alpha-particle emission, or of N, decaying by tri-
ton emission, are contributing to a background at high
excitation in the 10 decay spectrum.
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FIG. 2. Decay energy (FE:a) spectrum for *0* — ao
+'2C(g.s.), for the entire angular phase space of our detector
geometry. Decay energy is given by channel number times
100 keV/channel.

We have been able to enhance the resolution in E,q
spectra by judicious cuts in the angular phase space of
the sequential binary decay process. The angles, mea-
sured between the decay axis and the beam axis, are 0. .
for the first decay pair, 1*0*+t, and 9z for the second
decay pair, 12C+a. Such a spectrum is shown in Fig. 3.
The background above channel 100 is indicative of contri-
butions from improperly identified events and accidental
coincidents, since the yield of 180 excited to states above
17 MeV is limited by our detector geometry to smaller
c.m. angles given by the approximate empirical equa-
tion O m ~72°—(E,—7.16)MeVx2.8°/MeV+10°. Sev-
eral well known [4] alpha-decaying states appear in Fig.
3 which were not apparent in Fig. 2. It is interesting
to note that all states observed for which the isospin is
known have the value T = 0. The spectrum, which shows
a system resolution of <300 keV, also shows the known
widths of broad states at 11.60, 14.66, and 16.27 MeV. In
fact the J™=5—, '=670 keV [4] state must be dominant
in the 14.7 MeV peak due to the observed width, and the
broad 3~ state at 15.83 MeV, I' ~700 keV [4] has a clear
contribution to the highest energy peak of this spectrum
as evidenced by the low energy shoulder on this peak.

Selection of . , regions does not reveal any high en-
ergy states other than those seen in Fig. 2, with the
exception of a peak presumed to represent the known [4]
high spin triplet near 21.7 MeV. Selection of a small re-
gion of alpha-decay angle, however, does improve slightly
the peak to background ratio, as illustrated in Fig. 4. A
significant feature of this spectrum is not the states ob-
served but rather those which are not observed. There
are five known [4] natural parity, T = 1, states between
17 and 19.3 MeV excitation, and a possible T = 1,
J™=1" state at 23.2 MeV. None of these states, which
would appear in low background regions of the spectra,
are observed and attempts to enhance their observation
with angular phase space gates have proven unsuccess-
ful. Also it is interesting that a proposed state [6] with
T = 0, J*=8* at 22.5 MeV is absent. Since we ob-
serve the o decay of all known unbound members of the
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FIG. 3. Decay energy spectrum for a region of angular
phase space selected to enhance the resolution and observ-
ability of states in '°0 below 17 MeV in excitation. All states
observed with known isospin have T' = 0.
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FIG. 4. Decay energy spectrum for **0* for a decay angu-
lar range selected to enhance the yield to background ratio at
high excitation.

K™=0" alpha-cluster band, J"=3"-97, and also of the
K=0%, four-particle—four-hole (4p-4h) band, J*=4% and
67, it is unlikely that an 8% member of that band at 22.5
MeV would fail to appear in a region of such low yield.

A number of high spin states have also been ob-
served [7,8] in the alpha-particle transfer reactions
12C(%Li,d)'®0* by measuring the deuteron in coincidence
with the aq decay of 1®0*. Those states (7] with E;, J™
= 20.9 MeV, 7~ and 21.7, 6% are also observed in the cur-
rent study (the latter not shown). However, the states
[8] with E,, J™ = 23.6 MeV, 6* and 27.7 MeV, 7~ are
not observed although their strength could be buried in
the continuum of our observed yield. The work of Arte-
mov et al. [8] shows little excitation of 0 between those
energies of 23.6 and 27.7 MeV where we see a major con-
tribution.

In our experiment, the states which are labeled 24.9
and 26.8 MeV are observed with about the same angular
phase space with which Rae et al. [1] observed the 29.8
MeV state, from which they established spin information
from the slope of observed maximum cross sections in the
1, vs O..m. plane. That type of model-independent anal-
ysis is unavailable to us because of the nonzero channel

spin and because of the absence of well isolated reso-
nant states. These states, at 24.9 and 26.8 MeV, appear
to have widths of ' ~ 1-2 MeV; however, the measure-
ment of partial decay widths by the method cited earlier
[3] cannot be applied here for three reasons: The states
are not sufficiently isolated, the production cross sections
for these states have not been observed, and the angu-
lar range observed (A, ~ 50°) would be inadequate for
properly integrating the double differential cross section.

Although we cannot determine spins or partial decay
widths, the evidence clearly indicating that these states
are primarily T = 0 is based on three important observa-
tions. Except for this energy region, all states observed
which have a known isospin have T' = 0; however, lower
energy T = 1 may have insufficient T = 0 strength to
be observed in T' = 0 decay. We observe this energy re-
gion with strength comparable to that of known 7" = 0
states. And last, even in the two-body reaction, where
T = 1 population is allowed, no T = 1 states in the
12C("Li,t)'60* reaction have ever been observed [9]. We
conclude that either we have evidence for two new 7' = 0
states in 160, or that the states tabulated in this energy
region to have some T = 1 strength are primarily T = 0.
There is recent evidence [10] of J* = 67 and 7~ strength
in the energy region 24-27 MeV based on a careful anal-
ysis of the T' = 0 reaction of Rae et al. [1] although no
identifiable resonant states were observed. The T' = 1
assignments in this region are based primarily on obser-
vation of v rays from a T = 1 state in 2C* following
the alpha-particle decay of *0O* formed in a resonance
reaction [11]. Such a method could be very sensitive to
small admixtures of T' = 1, whereas the current compar-
ative yields argue for a major admixture of T = 0. Not
only do the excitations at 24.9 and 26.8 MeV have a ma-
jor T = 0 component and natural parity, but also from
the systematics of other states observed in this study we
would presume these states to have high spin (>6) and
to have large alpha-particle decay widths (T /T 230%).
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