PHYSICAL REVIEW C

VOLUME 16, NUMBER 6

DECEMBER 1977

Mechanisms for Li and Be production in the N + 2C reaction*

R. G. Stokstad
Oak Ridge National Laboratory, Oak Ridge, Tennessee 37830

M. N. Namboodiri, E. T. Chulick,' and J. B. Natowitz
Department of Chemistry and Cyclotron Institute, Texas A & M Untiversity, College Station, Texas 77843

D. L. Hanson?
Wright Nuclear Structure Laboratory, Yale University, New Haven, Connecticut 06520
(Received 23 May 1977)

Measurements of the yields of “’Li and "*Be have been made for the '*N + '?C reaction at Ej, = 86.9 and
157.0 MeV. Statistical model calculations are compared with the data in order to determine the reaction
mechanism. It is concluded that more than half of the total Li and Be yield at these bombarding energies
arises from processes other than compound nucleus formation and the subsequent evaporation of a *'Li or
"9Be nucleus. The most likely production mechanism at high bombarding energies appears to be the decay of

a projectile-like fragment excited in a peripheral collision.

[NUCLEAR REACTIONS !2C(1N,%-"Li), 12C (N, °Be), E=86.9 and 157.0 MeV; measured]
o(E, 6); compared with statistical model calculations.

I. INTRODUCTION

The production of lithium and beryllium in heavy-
ion reactions such as N +!2C has been of interest
for several reasons. Since the masses of these
nuclei do not differ greatly from those of the pro-
jectile or target, direct multinucleon transfer has
been considered as a possible reaction mech-
anism.! The evaporation of "Be by the 2°Al com-
pound nucleus and its possible production via a fis-
sion process were investigated by Holub et al.?
They found that these mechanisms were unable to
account for their measured total yields of "Be. An
important step in the understanding of the reaction
mechanism was the observation® of symmetry about
90° c.m. in the angular distribution for the '2C (N,
Li)*°Ne reaction populating discrete states in *Ne.
These measurements®* and quantitative Hauser-
Feshbach analyses® of the absolute cross sections
showed that compound-nucleus formation was the
dominant mechanism for producing °Li and "Be nu-
clei in the N +'*C reaction, at least for moderate
bombarding energies. It was found® that an an-
gular-momentum cutoff was required in order to
reproduce the measured yields with the statistical
model, and that this critical angular momentum at
E,,..=36 MeV was consistent with expectations
based on entrance-channel models® or estimates of
the location of the yrast line of the compound nu-
cleus.” This demonstrated the possibility of using
reactions such as !2C (N, °Li)®*Ne to measure the
critical angular momentum for fusion and, thereby,
to study the entrance-channel dynamics of the re-
action and the properties of the compound nucleus.
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A large amount of work toward this end has been
done since then using different methods. Volant

et al.® have measured and analyzed the cross sec-
tions for '*C (N, ®Li)*’Ne to discrete low-1lying
states over the bombarding energy range 9-28
MeV c.m. Klapdor, Reigs, and Rosner® nave made
comparisons of the statistical model to data'»®1°
taken over the energy range 9-55 MeV c.m. and
have suggested an analysis of the shape of the °Li
evaporation spectrum and of the ratios of cross
sections to different discrete states in order to de-
termine the critical angular momentum.

The deduction of a critical angular momentum,
dJ,, or other information from the measured yields
by the above methods requires that two criteria be
fulfilled. The statistical model and the parameters
incorporated in it must be reliable, and the quan-
tity being analyzed must be the result of a sta-
tistical or compound-nuclear process.

That the first of these criteria is met has been
shown by numerous comparisons of statistical mo-
del calculations with experimental data at rela-
tively low bombarding energies'®-!2 where the ef-
fects of a critical angular momentum are relatively
small and the reactions are known’ to proceed via
compound-nucleus formation and decay.

The second of these criteria is the subject of the
present work. At high bombarding energies, e.g.,
above 36 MeV c.m., the differential cross sections
for the population of individual low-lying states
drop rapidly, measurements of J, by analysis of
these cross sections become impossible, and total
yields must be analyzed. The total yields of Li and
Be from reactions such as '2C +'*N and °B +!°0 ap-
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TABLE I. Angle-integrated yields of ®Li and "Be produced at low bombarding energies.

Enb Experimental yield Hauser-Feshbach ?
Reaction (MeV) (mb) (mb)
120 (4N, 6Li) 2Ne P 25.0 0.39 +0.04 0.48
30.0 0.89 +0.09 0.98
36.0 1.35 +0.14 1.70
0B (160, 61.1) 20Ne P 19.5 0.18 £0.02 0.13
24.3 0.37 +0.04 0.41
31.5 1.05 £0.10 0.90
2¢c(14N, "Be) 1F © 35 0.025+0.0154 0.006 4
42 0.15 £0.07 0.15
49 0.35 £0.15 0.80
54 2.0 0.8 2.2
59 3.7 14 3.7

2 As described in Refs. 5 and 12.
b Reference 12.
¢ Reference 4.

d Thick target yields; the units here are mbXmg/cm?.

pear to be compound in nature at bombarding ener-
gies up to ~30 MeV c.m. as shown in Table I. The
compound nature of the reaction mechanism at
higher bombarding energies needs to be established
through a detailed comparison of statistical model
predictions with the data. * This comparison is faci-
litated by recent measurements of fusion cross sec-
tions in which evaporation residues are detected
and a critical angular momentum is deduced inde-
pendent of a statistical model.’*"!> We present here
measurements of the %"Li and ""°Be yields for the
N + C reactions at E,, =86.9 and 157 MeV. Sta-
tistical model calculations!® for both first- and sec-
ond-chance emission are compared with the experi-
mental data.

II. EXPERIMENT AND RESULTS

Beams of “N at energies of 86.9 and 157 MeV
from the variable energy cyclotron at Texas A & M
University were used to bombard a natural carbon
target. The thickness of the target, 228+ 16 ug/
cm?, was determined by weighing. The uniformity
of similar targets was found to be typically +5%.
The reaction products were recorded simultane-
ously at two angles by two independent semicon-
ductor telescopes, each having a 50 um AE de-
tector and a 2 mm E detector. In a later experi-
ment, a three-element telescope having detectors
of 8.4 um, 36 um, and 1 mm thickness was used.
The data were recorded event by event on magnetic
tape using an IBM-7094 computer and analyzed off
line. The particle identification scheme described
by Chulick, Natowitz, and Schnatterly'” was used
and enabled isotopic resolution of nuclei up to mass
12. This is illustrated in Fig. 1. The error on the

absolute differential cross sections arising from
uncertainties in the target thickness, the beam cur-
rent integration, and detector solid angle is +10%.
A typical energy spectrum of °Li ions is shown
in Fig. 2. The dashed line indicates the extra-
polation of the spectrum to energies below the
minimum ®Li energy required to pass through the
AE detector. The scale at the top gives the ex-
citation energy in ?°Ne assuming two-body reaction

kinematics.

The angular distributions for energy-integrated
yields of ®#"Li and ”°Be are shown in Fig. 3 for
E14N =86.9 MeV. The data indicate an exponential
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FIG. 1. The particle identification spectrum illustrat-
ing the isotopic resolution attained for particles up to

mass 12.
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FIG. 2. A typical spectrum of °Li ions. The scale at the top indicates the excitation energy in ?Ne calculated with
two-body kinematics for the reaction 12C(}N,®Li)®Ne. The dashed line shows the extrapolation made for particles

stopped in the A E detector.

dependence on the scattering angle. The straight
lines on the semilog plots of Fig. 3 correspond to
(do/dQ),y,= Ne™1a where N (mb) and # (deg™) for
®Li, "Li, "Be, and °Be are (29.0,0.045),
(6.9,0.049), (5.8,0.046), and (7.8,0.048), respec-
tively.

The angle-integrated yields obtained at both bom-
barding energies are given in Table II along with
results obtained at comparable bombarding ener-
gies at Oak Ridge'* and at Berkeley.!® The present
values are larger than the preliminary values cited
in Ref. 7 and are the result of an improved mea-
surement of the yield of those Li and Be nuclei
emerging with low energies.

II. STATISTICAL MODEL CALCULATIONS
AND COMPARISON WITH THE DATA

Cross sections for compound-nucleus formation
and decay were calculated with the Hauser-Fesh-

bach expression'® and the computer code STATIS.!?
These calculations, including the optical-model and
level-density parameters employed, are described
in detail in Ref. 5. Figure 4 illustrates the sensi-
tivity of the partial Li and Be yields to the total
angular momentum of the compound nucleus at a
bombarding energy of E,, =78 MeV (E, =36
MeV). The partial cross section o, for angular
momentum J increases with J much more rapidly
for the energetically unfavored, heavier particles
of mass 6 and mass 7 than it does for protons or «
particles.

Although there is a high sensitivity to the par-
ticular value of the maximum angular momentum
in the cutoff region, the total cross sections for
SLi and "Be production, as shown in Fig. 4, con-
stitute only a small portion of the total cross sec-
tion for compound-nucleus formation.

The predicted cross sections for &7Li and "°Be

TABLE II. Total ylelds of ®"Li and "®Be produced in the N+ 12C reaction, in mb.

By 8Li "Li 8Li+ TLi "Be °Be "Be + ?Be Ref.
86.9 22.8+2.3 4.3%0.5 271424 4.3+0.7 5.3£0.8 9.6+1.1 Present work
86.32 29.0%3.5 8.841.1 14
157.4 76 £9 38 5 114 =10 21,53 21.5+3 43.0%4 Present work
158,02 105 10 49 =5 15

2 The Li and Be isotopes were not separated in these measurements and should be compared with the sum of the cor-

responding isotopic ylelds in the present work.
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FIG. 3. Angular distributions for the energy-integrated
yields of 8'Li and "*Be. The yield at each angle has
been corrected for particles which stop in the AE de-
tector, as shown in Fig. 1. For clarity, the measured
cross section for "Be has been multiplied by 2 before
plotting. The actual cross sections at 5.5° lab for "Be
and ’Be are 5.0 and 6.5 mb, respectively. The solid
and dashed curves in the lower part of the figure are
normalized laboratory system cross sections for the
120 (14N, 6 Li)®Ne reaction at Q values of —15 and —30
MeV, respectively. The angular distribution in the
center-of-mass system is (sinf, ).

production are shown in Fig. 5 as a function of the
maximum or cutoff angular momentum J, for a
bombarding energy of 86.9 MeV (E,, ,, =40.1 MeV).
The value of the '2C + N transmission coefficient
T, for 1=J, is also indicated in this figure. A total
of 17 types of particle exit channels were used in
calculating the denominator of the Hauser-Fesh-
bach formula. This decreases the predicted yields
by 8% compared with a six-channel calculation in-
cluding only p, n, d, a, °Li, and !2C emission.
The sensitivity of the predicted cross sections to
a variation in the moment of inertia in the level
density formula is much smaller for energy-inte-
grated total yields than it is for the cross section
to, e.g., a specific low-lying state in **Ne. If the
radius parameter 7, used to compute the rigid-body
moment of inertia is changed from 1.5 fm (the val-
ue used) to 1.4 fm the predicted total yields in-

crease by only 30%. Only first-chance emission is
included in the prediction shown in Fig. 5; the ef-

fect of second-chance emission will be considered
in the discussion following.

If the entire experimental yields of °Li and "Be
and °Be production are to be accounted for by com-
pound-nucleus formation and Li or Be evaporation,
then nearly the entire reaction cress section, in-
cluding partial waves up to the grazing value [,
~ 237, would have to go into compound-nucleus for-
mation. The yield of "Li is a factor of 2 larger
than the predicted compound yield for any cutoff
angular momentum. On the other hand, the value
of the critical angular momentum for compound-
nucleus formation in the !2C + *N reaction has been
determined from measurements of the fusion cross
section in which the evaporation residues are de-
tected.'*#'> These critical angular momenta are
shown in Fig. 6 as a function of excitation energy
in 26Al, the latter being defined as the c.m. bom-
barding energy plus the 12C + !N separation energy
of 15 MeV. The measured value' of J, at E,,
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FIG. 4. Predicted angle-integrated yields for light
particles emitted in the formation of a compound nucleus
by the "N +12C reaction at Ey; =36 MeV, c.m. The
partial cross section for angular momentum J is given.
The total compound cross section ¢ is given by > 5Z{co;
where J, is the angular momentum cutoff.
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FIG. 5. Predicted compound-nuclear cross sections in
mb for ®'Li and "**Be production at Ey,,=86.9 MeV as
a function of the cutoff angular momentum J. The trans-
mission coefficient in the entrance channel for I =J, is
also shown (in which case the ordinate is in units of #).
The experimental yields in mb are shown as shaded hor-
izontal bands with the exact values given by the solid
points. The value of the cutoff angular momentum de-
duced from evaporation residue measurements (Ref. 14)
is shown as an open circle.

=86.3 MeV is (17.8+0.8)% and is also shown in Fig.
5. Using this value for J, in the Hauser-Feshbach
calculations results in a predicted first-chance

SLi yield of 7+ 2 mb, suggesting that only one third
of the measured yield arises from a compound pro-
cess (see Fig. 5). The situation for "Be and °Be is
similar, while for "Li ~15% of the measured yield
appears to arise from a compound process.

A similar situation is encountered at 157 MeV
bombarding energy, as shown in Fig. 7. A cutoff
angular momentum equal to a larger than grazing
angular momentum would be required in order to
account for the measured yields solely on the basis
of compound-nucleus formation and decay. Using
the value of J,(25.7+ 1.0)% obtained from evapo-
ration residue measurements'® indicates that com-
pound-nucleus formation and first-chance decay ac-
count for approximately 39%, 15%, 36%, and 22%
of the measured °Li, "Li, "Be, and °Be yields, re-

spectively.

Calculations of the cross sections for second-
chance emission of Li and Be nuclei (an evapor-
ation occurring after another particle such as a
proton, neutron, or a particle has already been
emitted) were made with the computer code BREAK-
UP.® These results are given in Table III along
with those of first-chance calculations made under
the same conditions. This type of calculation has
been described in Ref. 11. Table II indicates that
the cross section for the emission of a éLi nucleus
after one particle has been emitted (whether it be
a proton, neutron, or « particle) is about 30% of
the combined cross sections for first-chance and
second-chance emission. In obtaining estimates
for second-chance emission for cases not given in
Table III, we have assumed that the cross section
for second-chance emission varies with J, in the
same proportion as the first-chance emission.
Similarly, we assume that the ratios of second-
chance emission to the first emission of a p, n, or
a particle are the same at E_, =72.5 and 40.1
MeV.

The comparison of predicted and measured total
yields is summarized in Fig. 8. The statistical
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FIG. 6. Measured critical angular momenta, J.,asa
function of excitation energy in ¥Al. The latter quantity
is given by E__ +15 MeV. The data points shown as
circles are the results of evaporation residue measure-
ments (Refs. 14 and 15). The other points are from
statistical model analyses of the reaction >C(}N,%Li)®Ne
populating low-lying states in ®Ne (Refs. 5 and 8).
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oratory system for various reaction @ values.
Such distributions are shown unnormalized in Fig.
3 for *2C(**N, 5Li)*°Ne at E,, ~86.9 MeV and for @
values of -15 and -30 MeV (@, ,. = - 4.2 MeV).
These angular distributions for compound-nucleus
appear quite different from the exponential depen-
dencies which reproduce the data for the energy-
integrated yields at each angle. The angular dis-
tributions measured for discrete transitions to low-
lying states in ?°Ne at E14N=76 MeV, however, do
show a (siné,__ )" angular distribution® which sug-
gests that the departure from statistical behavior
occurs with the lower energy portion of the ®Li
yield.

The energy dependence of the ®Li yield observed
at a fixed bombarding energy may be calculated
using the Hauser- Feshbach formula and a level-
density formula for the distribution of final states
in **Ne (in exactly the same manner as the energy
integral of this quantity is calculated for inclusion
in the denominator of the Hauser- Feshbach for-
mula). Until recently, the only data available for
such a comparison were the spectra of Belote
et al.’ obtained at E,, =76.1 and 120 MeV and at
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FIG. 7. Predicted compound-nuclear cross sections
in mb for ®/Li and "*Be production at Ey, =157 MeV
as a function of the cutoff angular momentum J,. The
transmission coefficient in the entrance channel for
1 =J, is also shown (in which case the ordinate is in
units of 7). The experimental yields are shown as shaded
horizontal bands with the exact values given by the solid
points. The value of the cutoff angular momentum de-
duced from evaporation residue measurements (Refs.
14 and 15) is shown as an open circle.

model calculations have been made using the inde-
pendently measured'®!® values for the critical an-
gular momentum. We conclude from Fig. 8 that
evaporation of a Li or Be nucleus by the excited
compound nucleus cannot account for more (and is
usually less) than half of the measured yields at
14N bombarding energies between 86.9 and 157
MeV.

Other features of the experimental data to which
the statistical model may be compared include the
angular and energy distributions. The angular dis-
tributions for decay (by any process) of an equili-
brated, rotating compound nucleus are well approx-
imated by a (siné, ,)™ dependence on the center-
of-mass angle. A qualitative comparison of this
prediction with energy-integrated yields given in
the laboratory system may be made by transfor-
ming the (siné_, )"! angular distribution to the lab-
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FIG. 8. Summary of the predicted total yields for
8.7Li and "+?Be incorporating the critical angular mo-
menta from evaporation residue measurements and in-
cluding first- and second-chance emission. The error
on the predicted yield arising from the uncertainty in
the experimental value of J, is indicated. The experi-
mental yields are shown as solid points.



16 MECHANISMS FOR Li AND Be PRODUCTION IN THE... 2255

TABLE III, Statistical model calculations for two-step decay of %Al formed by “N + 12C,

Ecm J,

Two-step
angle-integrated
cross section

One-step
angle-integrated
cross section ?

. c
(MeV) () 1st particle 2nd particle (mb) (mb)
36.0 18 a 8L 2.6 7.5
40.1 19 b L 1.2
n 6Li 04 7 4.4 10
« 6L 2.8
b "Li 0.52
n "Li 0.17} 0.84 0.85
a Li 0.15
b "Be 0.12
n "Be 0.04 » 0.43 1.9
o "Be 0.27
b °Be 1.21
n *Be 0.20 0 1.7 1.5
a Be 0.32
? a 71 }
o o 133 204 414
72.5 23 a 8Li 2.6 15.4

2 The cross section for first-chance emission of the particle listed in column 4.

6,,,=10° and 7°, respectively. Calculations of the
energy spectra of °Li ions were made for these
data and are shown in Figs. 9 and 10. Unfor-
tunately, an absolute normalization for these early
experimental data was not given® and a comparison
here may be made only with the shape of the spec-
trum. It may be seen that the predicted shapes for
a wide range of cutoff angular momenta can fit the
data in the high energy portion of the spectrum.
However, at low °Li energies, all the predictions
deviate from the data, especially those shown in
Fig. 10.

Calculations of the double differential cross sec-
tion d20 /(dQXdE) for the reaction 2C(*N,a)-
22N3(°Li)'®0 were made with the computer codes!®
BREAKUP and SEQUEL in order to check the pos-
sibility that °Li nuclei emitted on a second chance
might be sufficiently low in energy and forward
peaked to account for the observed yield in the low
energy portion of the spectra shown in Figs. 9 and
10. The results are shown, along with the first-
chance calculations, in Figs.9 and 10. We conclude
that second-chance emission is not the origin of the
discrepancy between the experimental energy spec-
trum and the first-chance statistical model pre-
diction.

A more meaningful comparison of the statistical
model to the data is possible when the energy spec-
tra are normalized. The °Li yield measured in the
present work is shown in Fig. 11 as a function of

the °Li energy in the center-of-mass system. This
spectrum was obtained by transforming a spectrum
at a given lab angle, d2%/(d,,, dE,,,) to a center-
of-mass energy scale, d%0/(dQ,,dE .. ) and then
integrating over the laboratory scattering angle.

In this process, it is assumed that the entire yield
is from the reaction '2C (**N, °Li)*’Ne, i.e. from a
two-body reaction. The predicted cross sections
for J_ =197 or 207 each can account for some por-
tion of the ®Li yield at high energies. The curve
for J,=18 (the value of J_ given by evaporation re-
sidue measurements!#°), however, does not re-
produce the data at all. The major discrepancy is
seen to occur at low °Li energies.

IV. DISCUSSION

The foregoing comparsion of statistical model
predictions to the experimental data shows that the
major portion of the total %"Li and "°Be yields
produced at bombarding energies greater than E14N
=86 MeV arises from processes other than com-
pound-nucleus formation. At lower bombarding en-
ergies, however, the angle-integrated yields of
SLi and "Be are well explained by evaporation of
these particles from a compound nucleus (see Ta-
ble I).

Thus one is led to consider other possible reac-
tion mechanisms which could become important at
high bombarding energies. At sufficiently high
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FIG. 9. Measured (Ref. 3) and predicted energy
spectra for the yield of ®Li ions produced in the 14N +!2C
reaction at Ey, =76.1 MeV and 6,,, =10°. The normal-
ization of the experimental data (Ref. 3) is arbitrary;
that of the calculations is absolute. The cross section
for second-chance emission of a ®Li ion following evap-
oration of an & particle is shown. The structure in the
experimental spectrum corresponds to states (or groups
of states) in ?Ne.

bombarding energies, the compound nucleus may
have enough excitation energy to evaporate five o
particles, leaving a ®Li nucleus as an evaporation
residue. The threshold for this process may be
estimated by adding to the separation energy (23.4
MeV) the energy required to surmount the Coulomb
and centrifugal barriers (42 MeV). The effective
threshold is thus ~65 MeV c.m. or E,, =140 MeV.
The amount of Li and Be residues which would be
produced at E;, =158 MeV has been estimated with
the computer code LILITA?® to be 18 and 4 mb
for °Li and °Be, respectively, with the amounts of
"Li and "Be being negligible. Thus, production of
Li and Be nuclei as evaporation residues is not
able to account for the major portion of the Li and
Be yields although its contribution at E,, =157
MeV is not entirely negligible.

Another process by which Li and Be nuclei may
be produced is through the excitation of the projec-

tile to a state above the threshold for particle de-
cay to Li or Be. The threshold for *N to decay to
®Li+2a is only 16 MeV. Since this process is a
direct-reaction mechanism involving peripheral
collisions®! and not necessarily involving multinu-
cleon transfer, the production cross sections could
be quite large compared with those calculated for
the evaporation of ®Li from a compound nucleus.
The laboratory energy of a ®Li nucleus produced by
this process may be roughly estimated as follows.
The energy of a 86.9 MeV N ion inelastically scat-
tered at 15° lab and with 18 MeV of excitation is
~60 MeV. When this scattered nucleus decays, the
emitted °Li ion would have, on the average, ~ of
the energy of the *N* ion or about 26 MeV. Thus
these particles would appear in the low energy por-
tion of the spectrum shown in Fig. 2. This is also
the region where the statistical model grossly un-
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and the vertical bars represent the uncertainties from
counting statistics.
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FIG. 11. Measured and predicted angle integrated
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120 (1N, %Li)®Ne. The normalizations of both the data
and the calculations are absolute.

derpredicts the yield (see Figs. 9-11). On this
basis, it appears that the production of Li and Be
nuclei in the '*C + N reaction at high energies also
occurs through a direct-reaction mechanism. The
direct-reaction mechanism seems to produce Li
nuclei with typically lower energies than the eva-
poration mechanism, since °Li ions emitted from
the compound nucleus with a center-of-mass en-
ergy equal to the Coulomb and centrifugal barrier
(I =4) would have, at 15° lab, an energy of ~34
MeV. While it is thus possible that the reaction
mechanism populating low-1lying states of *Ne
(i.e., involving high energy °Li ions) is primarily
compound at energies above 36 MeV c.m., the fact
that the bulk of the Li yield appears to be produced
by projectile fragmentation renders a statistical
analysis of any portion of the spectrum suspect.
Indeed a sharp division of reaction mechanisms in-
to direct and compound processes may be artificial
in this case. The experimental spectrum of °Li
ions at high bombarding energies is not inconsis-
tent with there being a continuous variation in re-

action process from short to long interaction
times.

Thus, a statistical analysis of the magnitudes of
the total Li and Be yields at energies much above
30 MeV c.m. is not valid and leads to an overes-
timate of the critical angular momentum. In fact,
the critical angular momenta deduced from such an
analysis are so large as to signal the presence of
reaction mechanisms other than compound-nucleus
decay. The analysis of the peak position (and not
the absolute magnitude) of the yield in an Li spec-
trum in order to determine a critical angular mo-
mentum® is not advisable as this technique would
involve that portion of the data (see Figs. 9 and 10)
where the contribution from nonstatistical pro-
cesses is particularly large. As indicated in Figs.
10 and 11, this technique would lead to an underes-
timate of the critical angular momentum. The de-
termination of critical angular momenta at high en-
ergies (and at lower energies as well) seems best
done by measuring the evaporation residues.!3-*
The measurement and analysis of light reaction
products such as Li and Be provides, as shown in
Fig. 6, a useful complementary method at lower
bombarding energies.

V. SUMMARY

Angular distributions for the production of %"Li
and "?Be in the N+ '2C reaction have been mea-
sured using “N beams of 86.9 and 157 MeV. The
total yields of these nuclei are not explained by
evaporation from a statistical compound nucleus.
Angular distributions predicted for the energy-in-
tegrated yields differ from the observed expo-
nential dependence on the laboratory scattering an-
gle. Comparisons of predicted and measured en-
ergy spectra indicate that the discrepancy with the
statistical model occurs mainly for particles emer-
ging with energies near and below that of the maxi-
mum yield. The production of Li and Be nuclei with
energies in this range probably proceeds via the
decay of a projectile-like fragment which has been
excited in a peripheral collision.
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