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Anomalous population of two 4' states in C( Li, d) O~
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In the reaction ' C( Li, d) 80, two 4+ states (at E» =10.35 and 11.096 MeV) are populated
with relative strengths of 0'(11.096)t&(10.35) I-" 0.5 even though their reduced e-particle
widths to the g.s. of ~2C are in the ratio S~(11.096)/S~(10.35}& 10 2. A two-step process pro-
ceeding through the first excited state of l2C offers a likely mechanism of the enhanced feed-
ing of the 11.096-MeV state.

tNUCLEAR REACTIONS iiC( Li, d), E =32 MeV; measured cr(8).]

Experimental and theoretical interest in (sLi, d),
or for that matter, ('Li, t), ("0,'Be), and("0, "C)
derives from the hope that these reactions mea-
sure reduced a-particle widths (a-particle spec-
troscopic factors). ' Recent work on ' 0('Li, d)s'Ne

has demonstrated that reduced n-particle widths
can be extracted from the cross section in a rea-
sonable distorted-wave Born-approximation

(DWBA) framework. ' The principal idea in this
method is that the (unknown) normalization of the
DNBA can be obtained from states whose a-par-
ticle reduced widths are known, namely, the un-
bound states. Hence, apart from angular momen-
tum and energy dependence (which DWBA is to de-
scribe), the cross section is proportional to the
reduced o.-particle width. %e have noticed an in-
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FIG. 1. Spectrum obtained at 8 = 8' for the reaction ' C ( Li, d)' O. Peaks arising from partic1es other than deuterons

are labeled by the reaction.
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stance in which this proportionality is grossly vio-
lated. "e-particle" stripping reactions on "C
strongly populate the 11.096-MeV 4' state which
has virtually no n-particle width (I' =0.3 keV, S„
=10 s).s

We obtained "C('Li, d)"0 data with a 32-MeV 'Li
beam from the Argonne tandem using emulsions in

the focal plane of an Enge split-pole spectrograph.
These emulsions were machine scanned with the
automatic nuclear emulsion scanner developed by
Dr. J. R. Erskine. Exposures were made at 3' in-
tervals from 8 to 32' and at 140, 145, and 150' to
estimate the asymmetry about 90'. The relative
normalization of these data was determined with
a fixed detector monitoring elastically scattered
particles. The nominal target thickness of 30 p, g/
cm' was used to obtain the absolute differential
cross section. Our most forward-angle spectrum
appears in Fig. 1.

Evidence for direct n particle transfer is found

in the weak population of the 2 state at 8.87 MeV,
and strong population of the 0' (6.052-MeV), 2'
(6.92-MeV), and 4' (10.35-MeV) members of the
four-particle four-hole rotational band, and for-
ward peaking of the angular distributions. How-

ever, one of the strongest states in the spectrum
is the 4' 11.096-MeV state. This state is about
half as strong as the 4' state at 10.35 MeV, which

has I ~=27 keV.4 Angular distributions for the two

states are given in Fig. 2. The n-particle widths
of these states differ by a factor of 100, but the
cross sections to these states differ by only a fac-
tor of 2. Since these states differ in energy by
only 0.65 MeV, but are unbound by 3.5 MeV, nei-
ther the energy dependence of the penetrability nor
the energy dependence of the DWBA cross section
can account for this discrepancy. In fact, since
the 11.096-MeV state lies above the 10.35-MeV
state, the ratio of reduced widths is less than10 ',
and the direct one-step population of the 11.096-
MeV state should be less than one percent of that
for the 10.353-MeV state.

The possibility of improper identification of the
11.096-MeV state was examined, since a 3' state
is known to exist at 11.080 MeV. No evidence for
a doublet was found in the observed line width,
which was always consistent with the experimental
resolution (30 keV). Similarly, the extracted ex-
citation energy relative to the low-lying states
was consistent only with the excitation energy of
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FIG. 2. Angular distributions for the 4 states at
10.353 MeV (l~ =27 keV) and 11.096 MeV (I =0.3 keV).

the 4+ state. Although there was no reason to sus-
pect the spin-parity assignment or the width of the
11.096-MeV state, we repeated the experiment of
Larson and Tombrello "C(o., o.)"C, the only ex-
periment in which these quantities have been de-
termined. In addition to their angles of detection,
our observation of the resonance at 0=158.8' [P,—

(cose}=0]definitely eliminated a 6' assignment.
A search of the literature revealed that other

experiments of e transfer onto "C have produced
this peculiarity (relatively strong population of the
11.096-MeV state), although it was not noted; for
example, "C('Li, d)"0 at E,,= 20 MeV, ' "C-
('Li, t)"0 at E, =15, 21.1, and 24 MeV, ' and "C-
("C 'Be}"0at E„=62.6 MeV. '

The observed anomaly is probably due to a two-
step process in which the "C target is first ex-
cited to the 2' state at 4.43 MeV, and then z
transfer takes place. The second 4' state in "0
is an extremely good candidate for being formed
by such a process. In a weak coupling picture of
the 4p-4h states in "O, the lowest 4' state is the
product "Ne(4')Ia"C(0'). A second 4p-4h 4' state
can be constructed from "Ne(2') S"C(2')."The
10.35-MeV state has long been identified as the
state "Ne(4') "C(0'). The 4' state at 11.096
MeV is a likely candidate for the 4' state of con-
figuration "Ne(2') I3I~C(2'). Since such a state
has as parent the "C target in its 2' state, it
should be strongly excited in such a two-step
process.
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SThe notation 20Ne(4+) S ~C (0+) denotes the weak coupling
state formed by coupling foux' {sd) shell particles {the
4+ state of Ne) to the ground state of C.


