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Employing the spin alignment obtained with inelastic a particle scattering at 0', we have shown the J"of
the 14.08 MeV level in "C to be 4 . The branching ratio of this level for a decay to the 'Be ground state is

t9~3~~ h( )%, owever, this ratio could be affected by interference with inelastic scattering to the 3a continuum.

NUCLEAR STRUCTURE C measured 0, decay angular correlation from 14.08
Mev level, deduce J'=4'.

The spin and parity of the 14.08 MeV level in
"C has been of interest for more than a decade.
The interest originated when this level was as-
signed J'= 4' and placed in the ground state rota-
tional band. ' Since that time, several experi-
ments' have been performed involving this state,
most of them consistent with J'=4'. Indeed, in
the most recent data compilation' for the A = 12
system, this level is given that spin and parity.
The most compelling evidence for this assignment
comes from the relative yields observed in one and
two particle pickup reactions' in which the 14.08
MeV level is the final state. However, the most
recent publication4 on this subject argues that their
observed differential cross section for inelastic
a particle scattering as well as much of the previ-
ous data support a 3 assignment to this level.

As we have recently brought into operation a
large solid angle magnetic spectrograph' (14 msr),
it is possible to approach this problem in a model
independent fashion by measuring the angular cor-
relation of ot particles from aligned samples of
this state which decay to the 'Be ground state.
The alignment is achieved by exciting the level via
inelastic a particle scattering where the inelas-
tically scattered n particle is detected at 0' (meth-
od II of Litherland and Ferguson' ).

A 45 MeV Ot particle beam from the Princeton
University AVF cyclotron is directed onto a 400
pg/cm' '2C foil. The beam along with inelastically
scattered ions passes through the defining slits of
the magnetic spectrograph, as shown in Fig. 1.
The beam is intercepted in a carefully positioned
Faraday cup between the first and second dipole
while particles of lesser rigidity are bent around
onto the focal plane of the spectrometer. Con-
siderable effort had to be expended to keep the
background at the focal plane detector within tol-
erable limits. This was accomplished using anti-
scattering baffles around the Faraday cup. The
acceptance angle of the spectrometer is sufficiently
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FlG. 1. Layout of the Princeton University QDDD
magnetic spectrometer for a 0' experiment.

large that the multiple scattered beam ((8), ,
= 0.6') from the target does not strike the spectro-
meter defining slits.

The detection system at the focal plane of the
spectrometer consists of a resistive wire gas pro-
portional chamber 60 cm in length which is backed
by a long scintillation detector. The signals from
the resistive wire in the proportional chamber
provide position information as well as a measure
of the energy loss in the gas. The scintillator sig-
nal is a rough measure of the total energy and can
be used for particle identification. This latter fea-
ture was not required as better than 99% of the de-
tected particles at 0' are ot particles.

Bombarding an empty target holder with inside
dimensions 2 cm x 1.75 cm, we observe 2 && 10'
counts/100 keV pC in the range 30~E ~32 MeV.
Bombarding a 400 pg/cm' "C foil yields the posi-
tion spectrum shown in Fig. 2(a) at 0' correspond-
ing to 7 to 10 MeV excitation in "C, while Fig.
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TABLE I. Expected energies of n particles from the
decay of the 14.08 MeV level in C to the Be ground
state.

0 I

64
I

f28

CHANNEL

I

192

LLJ

~ 4oo-
z
Z+ 300—z

f/) 200-
Z'.

0~ too-
V

'o 200

E,„=9.6 M«

ex .6 MeV

i..s L
I I l I

400 600 800 oooo
CHANNEL

FIG. 2. Focal plane position spectrum of particles
detected at 0 to an incident 45 Me7 ~ particle beam.
The target is C and the spectrum corresponds to an
excitation of 7-10 MeV in C. (b) Same as (a) but with
the spectrometer field set so that the spectrum corres-
ponds to an excitation of 13-15 MeV in C.
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FIG. 3. Spectrum of time delays between the solid
state detector and the scintillation detector in the plane
of the QDDD magnetic spectrometer.

2(b) shows the spectrum for excitation energies
between 13 to 15 MeV. The cross section for the
9.63 MeV level in "C corresponds to 20 mb/sr
while that for the 14.08 MeV level is 5 mb/sr.
These levels have natural widths of 34 and 245
keV, respectively. It is difficult to estimate how
much of the continuum in the spectrum shown in

Fig. 2(b) is associated with processes that origi-
nate in other than the target. Some continuum
background from the target is expected as "C is
unstable against breakup into 3n particles above
7.37 MeV. Hence, contribution to the yield under
the peak due to the 14.08 MeV level can result
from the "C(n, o.")3n reaction where the n' con-
tinues forward at 0' or in a very inelastic collision
(Q&-20 MeV) the n' scatters in a backward direc-
tion and one of the breakup n particles goes for-
ward with sufficient energy to appear in the spec-
trum.

The 5.0 mb/sr cross section observed for the
14.08 MeV level is consistent with the hypothesis
that this level has natural spin and parity, as un-
natural parity states are strictly' forbidden at 0'.

As indicated in Fig. 1, a detector telescope con-
sisting of two 150 mm surface barrier diodes is
positioned in the scattering chamber. The front
detector is 200 p.m thick and the rear diode func-
tions as a veto counter. This system subtends 15
msr. The front detector is operated in time coin-
cidence with the scintillation counter at the focal
plane of the magnetic spectrometer. The resulting
spectrum of time delays observed between these
counters is shown in Fig. 3. The periodic struc-
ture arises from the cyclotron rf modulation of the
beam intensity. The time resolution is completely
attributable to variations in flight time through the
spectrometer due to different entrance angles.
The true to accidental rate is seen to be 2: 1.

As most previous work favored a 4' assignment,
the detector telescope was positioned at angles
corresponding to the maxima and minima associ-
ated with [P,( s8c,o)]' where 8„ is measured
relative to the beam direction. The energy of the
a particle group associated with the decay of "C
to the 'Be ground state is well defined apart from
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FIG. 4. Focal plane position spectrum in coincidence
with o. particles corresponding to decay to the Be
ground state.

FIG. 6. Energy spectrum of particles in the solid
state detector in time coincidence with particles in the
14.08 MeV group in the QDDD position spectrum.

the effects of the spread in the "C recoil direc-
tion, energy loss in the target, and the finite solid
angle subtended by the detector telescope. The
predicted energies and widths of this e particle
group are listed in Table I. The position spectrum
of particles at the focal plane of the magnetic
spectrometer which are in time coincidence with
this n particle group is shown in Fig. 4 as a func-
tion of telescope angle. The peak in the position
spectrum associated with the excitation of the
14.08 MeV level is observed to be enhanced when
the telescope is at 90' and 130' and little if any en-
hancement of the coincidence yield is noted with
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FIG. 5. Angular distribution of coincident events
between particles in the 14.08 MeV group in the position
spectrum and n particles corresponding to decay to the
Be ground state. The curves take account of finite solid

angle effects.

the telescope at 110' and 150'. The first two angles
correspond to maxima in [P,(cos8 )]' while the
latter two are associated with minima. Figure 5

shows the coincidence yield to the 14.08 MeV peak
as a function of the solid state detector angle and
only J=4 shows a reasonable fit. The fact that the
yield at 90' is large shows that the J value must
be even; thus [P,(cos8)]' and [P,(cos8)]' are also
shown. Using expressions to be found in Ref. 6
we estimated [P(m=1)]/[P(m=0))&0. 02. As
Y~~(8, Q) has roots where Y~~(8, P) is a maximum,
our predicted angular distributions are little modi-
fied by including the m =1 contribution.

Figure 6 shows the energy spectrum observed in
the particle telescope in coincidence with particles
in the 14.08 MeV group in the quadrupole-dipole-di-
pole-dipole (QDDD) as a function of the angular posi-
tions of the solid state detector telescope. These
spectra are generated by subtracting the coincidence
spectrum associated with channels 20 to 40 from that
associated with channels 1 to 20 as noted in Fig. 4.
The o particle group associated with decay through
the 'Be ground state is evident only in the spectra
obtained at 90' and 130'.

The branching ratio associated with decay
through the 'Be ground state as determined by a
least squares fit of the J=4 angular distribution to
the data yields I',/I'= (9+ 3)% which is consistent
with previous workers. "4 However, the observed
angular distribution (y'= 1.9) does not seem to be
that associated solely with the decay of an aligned
4+ state and may reflect interference of this decay
with a part of the continuum breakup. This inter-
ference would affect our determination of I' /I0
but would have no influence on the 4' assignment.
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