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Reaction C(' 0, Neg, ) Beg, in the region 10 MeV & F., & 15.5 MeV

D. A. Viggars, * T. W Conlon, F. P. Brady, ~ and I. Naqib~
Nuclear Physics Division, AERE, Harwetl, OX' OX11 ORA, United Kingdom

(Received 20 April 1978)

For the reaction ' C(' 0, Neg, )'Be„angular distributions h@ve been measured at E, = 12.22, 12.57,
12.92, 13.17, 13.37, 13.77, 14.02, 14,23, 14.67, and 15.07 MeV. The cross sections in the range
12.5 &Z, & 13.5 MeV are much larger than the predictions of direct a-transfer and/or statistical
compound nucleus calculations. Resonance behavior at 13.2 MeV with width 650 keV is indicated.
Interference effects between direct and one and two resonance amplitudes have been considered with the
second resonance at 13.7 MeV being a well-known anomaly. J = 8 is indicated for these two resonances.

I NUCLEAH HEACTIONS C( 0 Ne) Be, E =10—15 MeV, measured a(8);
compared yield to DWBA and statistical model calculations; resonance phenom-

ena at 13.15 MeV, 13.77 MeV, deduced spin-values.

I. INTRODUCTION

The reaction "C + "0 at energies below the
Coulomb barrier has been studied traditionally be-
cause of its importance during the equilibrium
stages of stellar evolution. The narrow resonan-
ces that were, observed in the total cross section
have been interpreted in a variety of ways. One
model considers molecular type states in the op-
tical potential. ' This has been extended to allow
for excitation of one of the nuclei. ' ' The possi-
bility of o.-particle doorway states in the com-
pound nucleus "Si has also been considered. '~'

At higher energies there is convincing evidence
for narrow resonances at -18.7 MeV (J = 8 or 9),
-19.7 MeV (Z' = l2, 14') and weaker evidence for
resonances at various energies between 14.7 and
23.8 MeV. ' " Such evidence is gleaned mainly
from studies of elastic" '4 and inelastic scatter-
ing"~"" and from the 'aC("0, n) '~Mg

channel. '~'~ "~" Structure has also been observed
in the complete fusion cross section 0~" ", and
fUrther evidence for resonances has been reported
in measurements of the total reaction cross sec-
tion. " Explanations similar to those proposed for
the low energy resonances have been proposed, "
and in addition, three-body "C —n —"C molecu-
lar states have been considered. " Baye" and Baye
and Heenan" have recently made microscopic cal-
culations on the 2C and 0 system using a two
center shell model and have applied the results to .

elastic scattering.
In some cases the angular momentum associated

with a particular resonance corresponds to the
semiclassical value of the angular momentum of
the grazing orbit at the resonant energy. If
"anomalous" resonant states are formed from
grazing orbits, further information on the nature
and properties of these states can-be expected

from a study of reactions which may have a sig-
nificant direct transfer component, and especially
those in which the grazing orbit is hardly per-
turbed and there is no angular momentum trans-
fer. This implies that the distances of closest
approach of the ions before and after transfer be
similar, or that the optimum Q value be similar
to the reaction Q value. These conditions are
satisfied for the reaction "C("0,"Ne, , ) 'Be, ,
in the region close to R„=15 MeV. There is
apparently no information on this reaction channel
in the energy region of interest, although recently
James et a/. "have reported on resonant structure
observed in this reaction at higher energies close
to 20 MeV.

If the anomalous states have a simple molecular
type structure, then the reaction "C("0,"Ne) 'Be
going to the (spin zero) ground states should se-
lectively populate the resonances with spin close
to the grazing angular momentum. The results
should, therefore, be clearer than in cases where,
because of nonzero spin in the final state, many
more states could be populated.

In earlier works'4 "we described measurements
of excitation functions and several angular distri-
butions for this reaction. In one case'4 the angular
distributions fitted fairly well with a rather simple
diffraction model. Further measurements and
analyses" revealed that the situation appeared to
be more complicated and a two-level model of in-
terfering J= 8 resonances seemed to be the most
plausible description of the behavior of the cross
sections.

The present work describes additional measure-
ments of "Ne, , + 'Be angular distributions at
selected energies in the region 10 MeV ~ E,
15.5 MeV and repeats check runs of earlier
data to obtain better absolute normalizations.
Statistical compound nucleus and distorted-
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FIG. l. Particle spectrum of 100 Q /M for ~O+ C at
10.7 MeV (c.m. ), 22 (lab) corresponding to one of the
eight positions of the position sensitive detectors.

wave Born approximation DWBA calculations are
compared to a11. available data. A comparison of
the simple diffraction a,nd DWBA-plus-resonance
model is made. The behavior of the cross section
between =12.6 and =14.0 MeV is best described in
terms of DWBA plus coherent two-level (J = 8)
resonance amplitudes, rather than in terms of
statistical model resonances or fluctuations, or
in terms of the diffraction model used earlier. '4

The well-known structure at E = 13.7 MeV may
have J = 8 rather than the previously proposed
J=9

The results are also of interest for their possi-
ble significance in calculations of explosive nu-
cleosynthesis. Energies at least as high as
E -11 MeV are relevant to these calculations. "
In the past the channel discussed here has been
neglected. This neglect may well be unjustified.

H. EXPERIMENTAL METHOD

An "0beam from the Harwell Tandem acceler-
ator was used to bombard self-supporting "C
foils of nominal thickness 10 p, g/cm' or 20 p, g/cm'
which are equivalent to a beam energy spread of
30 keV (c.m. ) and 60 keV (c.m. ), respectively.
The reaction products were observed using a
Buechner magnetic spectrograph linked on a slid-
ing-window seal to a small scattering chamber.
See Ref. 27 for more details of the spectrometer.

The energy (E) and position (P) signals from the
position sensitive detectors in the focal plane of
the spectrometer were processed by Harwell
2000 series electronics, digitized and recorded
on magnetic tape in an event-by-event mode. The
two signals were used to produce .a mass identifi-
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cation spectrum via Q'/IVI = 2E/(BR), ' where Q =

charge state and M= mass. Because of charge
state fractionation, several peaks are observed
for a given M.

Figure 1 shows a spectrum, 100 Q'/M, for the
'60+ '2C reaction at 10.1 MeV (c.m. ) and 22' (lab).
All of the major peaks are identified as various
charge states of masses 16, 20, and 24, corres-
ponding to "Q elastic and inelastic scattering,
mass 20 from the "Ne channels and mass 24 from
the reaction "C("0,24Mg)n. Figure 2 shows a
momentum spectrum resulting from the analysis
of the "Ne, 7' charge for all eight positions of the
I' counters. The peaks correspond to the two-body
reaction "Ne+ 'Be, , populating "Ne in its ground
state and first excited state. The continuum
arises from the three-body channel 0+ C Ne
+ n + n and the two step process "0+"C-' Mg~
+ n-20Ne+ o. + n. In the present work we report
exclusively on the excitation functions and angular
distributions corresponding to the two-body re-
action leaving "Ne in its ground state.

The energy resolution achieved in the present
experiment wa.s limited by kinematic effects due
to the finite acceptance angle of the spectrometer
in the reaction plane. At 22' la,b and a bombard-
ing energy of 15 MeV c.m. the acceptance angle
of 0.2' corresponds to &E-200 keV which is the
principal contribution to the width of the 2 Ne, ,
peak in Fig. 2. Angular distributions at a number
of energies, as detailed below, were taken at 1
or 2' intervals between 12' and 28' lab, the latter
being close to the maximum angle of emission of
the "Ne, , group.

The beam charge was monitored in a magnet-
ically suppressed Faraday cup. Relative norma-
lization between angles was achieved by simul-
taneously recording an energy spectrum in a sur-
fa,ce barrier counter placed at a fixed angle in the

radiu s (crn)

FIG. 2. Badius (i.e., momentum) spectrum for Ne,
.7' ions corresponding to Fig. 1 data from all eight posi-
tions of the position sensitive detectors are included.
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14.67 MeV. This has minima at 55', 71', and 89'
which agree with the zeros of I'9 at 52', 71', and
90'.

IV. DISCUSSION

A. DWBA calculations

The recoil corrected DWBA code, LOL&,"was
used to estimate the contribution of an n-transfer
process to the observed cross section in the chan-
nel '60+ "C-'Ne + 8Be The parameter
of the calculation (Table I) were taken from
Siemssen'~ and Malmin and considerable varia-
tions of optical parameters and bound state radii
were tried. Theoretical work by Rotter" suggests
a spectroscopic factor of 0.16. Using this, it was
not possible to fit the shape or absolute magnitude
of the cross section except at 13.7 MeV. Away
from this energy a spectroscopic factor several
times the theoretical estimate would be required
to reproduce the absolute size of the cross sec-
tions. " No combination of parameters was found
which produced the type of angular distribution
observed at 12.57 and 12.92 MeV where the enve-
lope of the oscillations rises towards 90'.

Figure 4 shows the total cross section for the
reaction "C("0, "Ne, , ) 'Be, , The experimen-
tal points were obtained from a Legendre poly-
nomial fit to the angular distributions. These fits
imply an extrapolation to backward angles. If the
cross section falls off rapidly beyond the measured
points then the fits will overestimate the true
cross section. Figure 4 also shows the DWBA
total cross section [with a spectroscopic factor
of 0.16 (Ref. 31)j and the Hauser-Feshbach total

compound nucleus cross section. Unless the fits
seriously overestimate the cross section or the
theoretical spectroscopic factor is much too
small, the D%'BA n-transfer cross section is too
small to explain the data over much of the energy
range studied. It is also smaller than the pre-
dicted compound nucleus cross section. Never-
theless, the n-transfer DWBA amplitude may have
an important effect on the shape of the angular
distributions by interference with resonance amp-
litudes. This point is discussed further in Sec.
IV C and Ref. 25. ,

B. Statistical compound nucleus calculations

Halbert eta/. '~' have shown that the reaction
"C("On),"Mg in the energy range considered
here is mainly a statistical compound nucleus
process. We have calculated the contribution of
this mechanism to the "Ne, + 'Be, , exit channel
using the Hauser-Feshbach code STATIS written by
Stokstad. " In view of the success of the compound
nucleus model in predicting the average measured
cross sections for the reaction "C("O,n) "Mg,
we used this reaction as a test of our calculations
against previous measurements and model pre-
dlctlons

The optical model and level density parameters
used in the present calculations were the same as
those used by Greenwood et a/. ' in their calcu-
lations for the reactions "0+"C '~Mg+ a at
E -13 MeV and '4N+' N ' Mg-a at E
= 10.1 MeV and are shown in Table II. However,
the parametrization employed in STATIS(Ref. 29)
differs from that used by Greenwood et a/. ' In
S'ITIS the spin cutoff parameters g' and the

TABLE II. Parameters of the statistical compound nucleus calculations.

12C + 16O '4Mg + G. 27Si+ n 27A1+ p 26A1+ d '. 4N+'4N 20Ne + SBe

DEN~
PAIRING b

V
Rg

W

Ri
a;
Rco
p

0.14
4 5
7.5+ 0.4Ed
6.49
0.45 d

0.4+ 0.125E d

6 49
0.45 d

6.49 d

0

0.149
5.13

125.3'
4 47e
0 54

30 7c
4.6'
0 39
4 47e
0.3

0.137
1.8

48 f

3.81f
0.66 f

9 6cyf

3.81'
0.47 f

3.81'
0.1

0.137
1.8

47.2 ~

3.75 ~

0.65 I
7.5~
3.75 ~

0.70 8

3.75 g

0.1

0.152
0

117"
h

0 86h
18 9h
4 7h
0.54h
3.85h
0

0.163
4.5
7,5+ 0.4E d

6.5
0.45 ~

0.4 + 0,125Ed

6.51 d

0.45'
6.51 d

0

0.163
4.5
7.5 + 0.4E
6.36
0.45
0.4+ 0.125E d

6.36
0.45
6.36
0.3

~The level density parameter DEN is defined by DEN= a/M where M is mass of the heavy nucleus and a is the usual
level density parameter, Ref. 31.

"Pairing energy.' Derivative Saxon-Woods well.
dMalmin, Ref. 27.
'Sirgh. et a/. , Ref. 43.' Percy and Buck, Ref. 44.
~3,osen, Ref. 45.
"Yule and Haeberli, Ref. 46.
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Yrast cutoffs in the residual nuclei are determined
by the nuclear deformation and the radius para-
meter rp via the rigid-body moment of inertia:

p„= M—ro'Ai '(1.+ 0.31P + 0.44P2),=2

a' = p„t/h',

10

10

C( 0, Neg, j Be&,

12.57- 13 77 MeV

TABLE III. Comparison of present calculations (with
ro—-1.3 fm) and those of Greenwood et aE. (Ref. 83) for
the rea.ction C(~ 0 &) 4Mg with experimental data from
Befs. 7, 8, and 33. The center-of-mass bombarding
energy ranges from 12.5 to 14.5 MeV corresponding to
an excitation energies in 28Si from 29.2 MeV to 31.2
MeV.

Ex
(Mev)

(mb)
Ref.

(mb)
This work

+HF
(mb)

Ref. 30

h2
E = 1(1+1),

2p„

where t is the nuclear temperature.
In the calculations of Greenwood et al. 33 the

Yrast cutoffs were taken from known rotational
levels in the residual nuclei and 0' was calculated
from the level density parameter a and the nuclear
temperature t in accordance with the relation"

1.44 at
g2

In the present calculations the values of P were
obtained from observed quadrupole moments"
and ~p was treated as a parameter. As pointed
out by Stokstad" the absolute cross sections are
very sensitive to the value of xp. If xp ls de-
crea, sed, then o' is increased and the Yrast cut-
off is lowered so that additional exit channels are
brought into effect thus decreasing the predicted
cross sections. For a suitable choice of xp the
parametrizations employed by Greenwood et al."
and in STATIS ' "give closely similar results. In
the present calculations a value of xp = 1.3 fm was
used throughout.
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FIG. 5. Averaged angular distributions compared with
statistical model calculations described in the text.

0
1.87
4.12
4.23
5.22
6.00
6.44
5.22
6.00
6.44
7.35
8.12

0+

2'
4+
2'
8'
4+
0+

3
4+
0+
2'
6+

2.87 + 0.84~
6.42 + 0.50 ~

13.85 + 0.8 ~

6.21 + 0.46
9.39 + 0.28~

79
9.8b
1.7"
8.0"

14.0"

2.4'
62c
87c
4.4 '
3 8c
71c
0 74c

7 d

78d
0.68 "
2.5 "

10.0 d

2.6
6.4
8.8
4.7
4.0
7.2
0.8
5.0
8.0
0.9
2.7

11.0

Experimental data Refs. 7, 8; E =12.5-14 MeV.
b Experimental data Ref. 32; E, ~ = 13.5-14.5 MeV as

given in Ref. 32.
'Averaged calculations at 12.6, 13.0, 13.4, 14.0 MeV.
Averaged calcuIations at 13.4, 14.0, and 14.4 MeV.
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FIG. 6. Hauser-Feshbach denominator as a function of
spin for a center-of-mass energy 18 MeV in the entrance
channel ~2C+ ~60.
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The calculations thus indicate that the compound
nucleus mechanism does not account for most of
the cross section observed in the "Ne, , + 'Be, ,
channel at the energies studied.

C. Resonance phenomena

Ec.m. 2 7+e~ ~ ~c.m. + 73.77NeV

The angular distributions at 12.57 to 13.37
MeV all show a large P,(cos 8) component. This
energy range is much greater that the coherence
width found by Halbert et al. ' ' of about 120 keV.
There is a systematic change of shape over the
range. At low energies the envelope of the
"diffraction pattern" rises towards 90'. At higher
energies it falls. Two models of the reaction in

this region have been tried as given in Refs. 24
and 25. With the knowledge of additional and im-
proved angular distribution measurements of the
statistical model analysis, and of further partial
wave analyses, we can make a better assessment
of the two models.

Model i. As remarked earlier a decomposition
of the partial wave structure of the angular dis-
tributions using simply the general formula for
the scattering amplitude was not possible. How-

ever, by introducing a simple diffraction model
for' the S-matrix and thus reducing the number of

parameter s sensible fits could be made to the
first angular distributions obtained. " The para-
meters used were the nuclear radius, a width in

angular momentum space, and a nuclear contri-
bution to the phase shift. This model produced
satisfactory fits at energies near 12.9 MeV. How-

ever, at 13.77 MeV it was necessary to set the

amplitude of the ninth partial wave equal to zero
to fit the angular distribution. This was inter-
preted as an interference effect between a J = 9
resonance and a direct reaction background des-
cribed by the diffraction model. Huby" has shown

that such destructive interference is possible in

the rigorous framework of R-matrix theory.
Two objections now arise to this preliminary

model. Subsequently obtained angular distr ibutions

outside the region analyzed in Ref. 24 cannot be
fitted without allowing rapid changes in the para-
meters. Then, as described in Sec. IVA the
expected DWBA contribution from a direct
o. -transfer background has been calculated. To
support model i this calculation should reproduce
the diffraction type angular distributions of the
model. In fact, the shape of the angular distri-
butions, particularly the rise towards 90', can-
not be obtained. Furthermore, the size of the
calculated cross sections is much too small to
agree with experiment. For instance, Fig. 7
shows the angular distribution at 12.9 Me7 and
the direct reaction prediction (dashed line).

Model ii. The cross section in the region be-
tween 12.5 and 13.5 MeV is much larger than
either the direct reaction or statistical model
predictions. The angular distributions are dom-
inated by P, (cos 8). These facts suggested the
presence of a broad J= 8 resonance at about 13
Me7." The angular distributions show, how-
ever, as has been remarked, a, systematic change
over the region that is not expected from just a
J = 8 resonance. Trying to understand this be-
havior we considered interference between a
J= 8 resonance and DWBA amplitudes. This was
done by calculating the n-transfer DWBA ampli-
tudes, A, (DWBA), and adding a Breit-Wigner
resonance amplitude in the eighth partial wave,
so that we obtain for the fina, l a.mplitudes

A =A (DWBA)+5 .E E' r 2
~

~ Ej —E —zI'i/' 2

The DWBA amplitudes were calculated as des-
cribed in Sec. IVA and Ref. 22. The estimated
observed angle-integrated cross sections (Sec. 1V

A) were used to obtain the parameters of the
resonance as described in Ref. 25. Satisfactory
fits were obtained with E, = 13.15 MeV and
I', = 650 keV. The results are shown in Fig. 7. It
can be seen there that the DWBA cross section
(dashed lines) makes a small contribution to the
total cross section. The important role of the
DWBA amplitude is to modify the:pure P, (cos 8)
resonance angular distribution to give the sys-
tematic behavior observed. It follows that the

TABLE IV. Parameters for the two-level fits.

(Mev)
~Ac

. (kev)
i/2

0 ev'/')
i/2

( eV«2)
r~„i/2

(kev'/')
„i/2

(kev )

13.15
13.75

650
100

4.6
1.4

4.6 '

1.0
-1.0
1.0

1.0
6.0

Channel e j.s iep+i2C.
Channel c' is 2 Ne+ Be (ground states).
Channel c" represents Mg+ & channels.
Channel c'" represents other open channels.
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details of the DWBA calculation are not very im-
portant for the quality of the fits.

At 13.7V MeV this model breaks down. Figure
7 shows that the resonance + D%BA cross section
is much larger than the observed cross section.
In fact, the D%'BA alone gives a reasonable fit to
the data. This is interpreted as being due to des-
tructive interference at 13.7V MeV between
resonance 1 (E, = 13.15 MeV, 1",= 650 keV) and a
second resonance 2 (Es = 13.'I'I MeV, I', = 60-100
keV) which leaves little resultant resonant ampli-
tude at 13.77 MeV. The goodness of fit of the
DWBA prediction at 13.VV MeV must be largely
fortuitous since it ignores the resultant amplitude
from the interference completely. It also ignores
the contribution from a compound nucleus compo-
nent, which should make at least as large a con-
tribution as DWBA (see Fig. 4) to so small a cross
section.

The parameters of resonance 2 were estimated
by applying the two-level formula of Lane and
Thomas. " Using the parameters of Table IV,
which are listed in the notation of Ref. 40, the fit
shown in Fig. 8(a) (slightly modified from Fig. 2 of
Ref. 25) was obtained for the angle-integrated
cross section. The two-level formula leads
naturally to a consideration of other exit channels
and the parameters of Table IV also allow a fit to
the data of Halbert et al. '~' in the '~Mg+ e channel
as shown in Fig. 8(b). (See reference 25 for de-
tails. )

In order for coherent interference of the type

described by the two-level formula to occur be-
tween resonances 1 and 2, they must have the
same spin. The angular distributions give spin 8
for resonance 1 and, therefore, resonance 2 must
also have spin 8 in this model.

= j4.7NeV

The 22' and 12' excitation functions'4 indicate the
possibility of a resonant effect at 14.7 MeV. The
angular distribution at 14.6V MeV appears to be
closer to a pure Legendre polynomial, P,(cos 8),
than neighboring angular distributions. However,
the difference between 14.6V MeV and the neigh-
boring angular distributions is not as striking as
at 13.VV MeV. The evidence for a resonance at
this energy is therefore weak.

Other workers' "have proposed a spin 10 res-
onance at about 14.V MeV. If this resonance has
width in the "Ne, , +'Be, , channel our data sug-
gest spin 9 rather than 10. The observed angular
distribution is very different from P»(cos 8). How-
ever, there is always the possibility of interfer-
ence and cancellation in a particular channel of
one (i.e. , L = 10) of the few dominant L values
(i.e., L = 9 and 10) leaving one L (i.e. , L = 9) as
the apparent dominant angular momentum.

3. E = 12.9NeV

In a recent paper Taras et al.~' suggested that
the 12.9 MeV minimum in the 12' excitation func-
tiona4 is connected with a narrow (I' = 130 keV)
resonance observed by them at 12.77 MeV in the
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"Si+ n, "Al+ P, ' Al+ d, '4Mg + e, and elastic
channels. As we have explained in Sec. ID and
Ref. 24, the 12.9 MeV minimum does not appear
to be indicative of a narrow resonance. There is
no evidence in our data for the 12.77 MeV reso-
nance. Taras et al. ' assigned J= S to the 12.77
MeV feature on the basis of the P,(cos 8) angular
distributions observed in our data. Since the
resonance does not seem to have width in the
channel observed in our experiment, the assign-
ment must be considered uncertain.

y. CONCLUSIONS

The reaction "C("0,'ONe, , ) 'Be, , in the re-
gion 10 ~ E & 15.5 MeV has been shown to be
very complicated. We have found evidence for in-
terfering resonances outside the scope of the
statistical model. The resonances in turn appear
to interfere with a, direct contribution. In addi-
tion, calculation shows that in regions away from
strong resonances or where resonant contribu-
tions are suppressed by destructive interference,
statistical compound nuclear processes are likely
to make a significant (coherent) contribution to
the cross section.

If we accept model ii for the 12.5-13.77 MeV
region, and it.appears more plausible than model
i, then there is a. previously unobserved resonance
at 13.15 MeV with width 650 keV and J= 8. Fur-
thermore, the 18.77 MeV resonance (I'-60-100
keV) must have spin 8.

Investigation of the elastic channel near 13.7
MeV has suggested a resonance with spin 9.4'

The question arises as to whether this resonance
is to be identified with the one observed in the
present work at 13.77 MeV. If so, what is the
correct spin? The fact that this resonance
appears as a dip in the elastic cross section at
most angles again suggests consideration of des-
tructive interference of one dominant L value
amplitude, possibly leaving an adjacent I as most
important.

A similar doubt arises at 14.7 MeV. Earlier
workers' "have suggested a J= 10 resonance at
this energy. The evidence for this resonance is
weak in the channel studied here. But the domi-
nant component in the angular distribution at
14.67 MeV is P~(cos 8).

Branford et al."have pointed out that it is un-
usual for a resonance to be observed in all exit

channels. It may be that the conflicts over spin
assignment mentioned above are the result of
this. That is to say, the resonance at 13.77 MeV
in the present work may not be the same as that
observed near 13.7 MeV in the elastic channel.
It seems likely, however, that some effect of such
a pronounced structure in the exit channel
('"Ne + 'Be) should be observable in the entrance
(elastic) channel. It is perhaps more plausible
that the resonance observed at 14.7 MeV in the
'4Mg+ o. reaction does not have significant width
in the "Ne, , + 'Be, , channel, so that the I'9

character of the angular distribution may not con-
flict with the assignment of J= 10 to the 14.7
MeV resonance.

The appearance of resonances in selected
channels is probably partly due to kinematic ef-
fects such as angular momentum matching, but
may also give information on the structure of the
resonances. Qne way of approaching this problem
has been attempted here by the use of the two-
level formula to analyze data in the "Ne, , + 'Be, ,
and "Mg+ a channels simultaneously. This gives
reduced partial widths for the resonances in both
channels. The values in Table lV may not be
unique, but if the method is applied to more
channels it should be capable of giving useful in-
formation.

Over most of the region studied the reaction
yield is considerably greater than expected from
a direct or compound nuclear process alone. This
could have significant consequences for calcula-
tions of explosive nucleosynthesis in sta.rs, which
do not yet include the unexpected high yield, and
which are sensitive to energies at lea,st as high
as E, =11 MeV "
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