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ABSTRACT

From the energy spectra of light particles produced
in light heavy ion induced reactions, level densities of the
final nuclei as well as the critical angular momenta for fusion
may be obtained.

The '“N, 6,180 + 12C reactions were investigated
in the energy range 30 MeV < ELAB < 60 MeV. Detailed angular
distributions of the licht particles (p,d,t,a) emitted in the
process were obtained.

Fits of the magnitude and shape of the spectra, by
means of statistical model calculations were used to extract
final nuclei level densities. The shape of the spectra and the
ratio ¢(a)/c(p) are shown to be sensjtive to the fusion critical
angular momentum (Jcr)' offering an alternative method for the
total fusion cross-secticn determination.

*Supported by FAPESP



I. INTRODUCTION

The study of the emission of iight particles in
heavy ion reactions is currently of great interest and provides
a powerful tool for the understanding of various features of the

reaction mechanismsl‘4).

In particular, information on the
fusion cross-section limitation, the time evolution of heavy ion
ccllisions and the mechanism of energy and angular momentum

dissipation may be obtained.

‘Evaporation and non equilibrium products have been
identifi » ..n a very wide energy region spanning the Coulomb
barrier . , to relativistic energiesl_s). Systematics on particle
energy ¢ 3cributions, nuclear temperatures (level densities) and
effecti ¢ fusion harriers, as well as detailed angular distri-

butic- Lleading to information on the nuclear angular momenta are

beconr 3 available.

The interpretation of these experiments depends upon
the asz umed reaction mechanism and in the compound nucleus case,
the de.ree with which the light particles are emitted from

statistically equilibrated composite systemsG).

For light heavy ion collisions A < 40, at energies just
above the Coulomb barrier, the formation of an equilibra.ed
compouné nucleus is the most probable process and statistical
theories are suited for the description of the formation and

subsequent sequential decay of the compound nucleus.



The probability for the formation of speciiic
residues (final nuclei} depends on the competition between the
different possible emitted particles, i.e. the number of open
exit channels. This probability is very closely related to the
angular momentum distribution of the compound nucleus which is
determined mainly by the critical angular momentum for fusion

(Jcr) and the final nuclei level densities.

At present little information is available on s-d
nuclei level dansities and most of it is obtained via neutron
scattering expe-iments and low-energy light particle induced

reactions7'8).

The critical augular momenta for fusion of s-d
nuclei, obtained mainly by the residues detections techniqueg),
reflect in this mass region, the uncertainties due to the
difficulties in associating the residues with a gpecific reaction

mechanism.

In this paper, we propose the use of heavy ion
compound reactions to extract, on the basis of statistical theories,
level densities of s-d nuclei as well as the fusion cross section,
from the observation of the light charged particles emitted in

the process.

The absolute double differential cross—-sections
d%q/dRdE* reflect directly the J-critical value. This is
manifested through the dependence of the magnitude on the ex-

citation energy E* of the residual nucleus, the lievel density
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and also in the anisotropy of the anqular distribution ).

If the composite system reaches the statistical
equilibrium before the emission of the light particles, this
emission may be described in terms of statistical windowsll)
in the angular momentum space. Within this framework, it is
clear that the lightest particles are emitted preferencially
from the low angular momentum components of the compound nucleus.
On tne other hand, the heaviest particles, sensitive to the
highest {~-partial waves, will be consequently sensitive to the

limiting angular momentum Jcr for the compound nucleus formation.

The ratios of the emission cross sections o of heavy
to light particles e.g. o(a)/o(n) or o(a)/c(p) are therefore
determined by the Jcr value. On the other hand, the dependence
of these ratios on the entrance channel and decay width (i.e.
the denominator of the Hauser-Feshbach expressionloh will be
strongly attenuated when compared to their effect on the
magnitude of the cross section (o),

In the present paper the (!“N, '¢’1%0) 4 12C reactions
were investigated detecting light particles (p,d,t,’He,aq, (n)lz))
in order to determine level densities in the final nuclei and
oktain cross section for complete fusion. Fits of the double
differential cross sections to ctatistical model prediction are

vsed to justify the reaction mechanisgm.



II. THE EXPERIMENT

Beams of ’“NLELAB = 46 MeV), 16O(ELAB = 48.8 MeV

and 54.2 MeV) and '%0O(E = 41.3 MeV) were provided by the

LAB
University of Sao Paulo Pelletron tandem accelerator. Angular
distributions of light particles were measured, using self
supporting natural carbon targets of ~ 30 ugcm-2 thick, in the
angular internal of 5° £ eLAB % 90° in a8 = 5° steps. Two solid
state detector telescopes, were used to identify the light
particles; the AE detectors were about 20 um and 4C um thick

and the E detectors 1000 um and 2000 um thick. Nickel absorber
foils of 13.8 mg/cm’ were used in front of the telescopes to
stop the elastically scattered particles as well as fusion residues
thus ,reducing the dead time at forward angles. A typical energy
resolution of ~ 100 keV was achieved, and was due mainly to the
target thickness and kinematical broadening. Normalization of
the absolute cross sections was performed by using a monitor
detactor at eLAB = 15° and measuring an angular distribution of
the elastic scattering at a sub Coulomb energy (E{!'®0) = 18 MeV).

Beam current integration at the scattering chamber Faraday cup

was also done.

The AE and E energy signals were recorded in the
event mode and replayed in the (AE) x (ET = E + AE) matrix, It is
important to note that the energy resolution is highly improved

when the projection is performed onto the E + AZ axis (see
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fig. l.a,b). The energy calibration was found .‘'near using the
discrete states populated selectively in the 22C(?%0,a)?"Mg
reaction (see fig. 2) as well as the H(*®0,H)?¢0 and
H("o,ao)liu reactions. Corrections due to energy loss of
the light particles in the Ni absorber foils were taken into

account.

Double differential cross sections d’c/dNdE* were
obtained for all emitted particles,as a function of angle for
excitation energy intervals dE* = 1.0 MeV,from our spectra
linearized in excitation energy. The angular distributions for
the continuum are shown in fig. 3 and were calculated for
energiss E* > 90 MeV, These values give an estimate of the

r~gion of overlap of the final nuclei levels defined by the

relation D(E*) = BT%TT ~ T'(E*) where D(E*) is the average energy
level =spacing and T (E*) = 1l4.6exp(-4.69/A.¥) represents the

average width of levels at an excitation energy E'13).

Experimental angle integrated cross sections
2
do/dE* =_J.§§§§149 were calculated by fitting the angular dis-

g —(8) = TA P, (cos 9)

tributions with a sum of Legendre Polynomials TdE «Fe
A

and equating &z to 4TA_ (see fig. 3).

Experimental uncertainties of the order of 10% to
15% are attributed mainly to the determination and uniformity of
of the target thickness and, in the case of the unfavoured decay

channels, to the counting statistics.

The total cross section for a given exit channel (b)

within an excitation energy interval AE* = Eﬁhx - E; can be

-~ 5 =



estimated

E; + AB®*
do
*) =
q, (AE*) ) 3ET
o
In order to compare the experimental results with
statistical model calculation in which a single decay is described,
the eneray limits E; and E; + AE* must be correctly estimated to
be able to extract reliable level density parameters as well as

critical angular momenta.

II1. COMPARISON OF THE SPECTRA AND ANGULAR DISTRIBUTIONS WITH
STATISTICAL MODEL PREDICTIONS

In the energy region investigated in the present work,
the compound nucleus emission is expected to be the dominant
process, and therefore the comparison of the data with statistical
model predictions shouwld be adequate. This expectation is confirmed

by the anisotropy of the anqular distributions.

In order to extract accurate values for level density
parameters for the final nuclei, it is important to guarantee that
only the first chance decay is considered and no relevant contri-
bution of sequential decay is present in the portion of the spectrum

to be compared to the theoretical calculations.

Initially, the experimental spectra were qualitatively



compared to the predictions of the Monte-Carlo Hauser-Feshbach code

\ .
LILITA14‘ in which standard parameters were used (see fig. 4). To
facilitate this comparison, calculated spectra of one particle decay

mode, evaluated by the code STATISIS)

, were also obtained in order to
determine the energy region in which sequential decay is
negligible. These results are supported by binding energy

considerations and particle emission thresholds.

After the establishment of the E; and E; + AE® energies
within which only one particle decay is present, the experimental
cross sections are compared to the Hauser-Feshbach calculations
(performed with the code STATIS) in which the level density para-

meters and critical angular momenta are adjustable parameters.

The formalism of the statistical model can be found
elsewere, e.9.,ref.l16~-18. To simplify the discussion, however, some

of the most important expressions used are listed below.

The angle integrated cross section for the excitation
of an individual state with spin IB at excitation energy E; in the

reaction A{a,b)B is

J Tor

cr
o(E*,I.) = Oy (T)G(E®,I_)/g(J) = ag.(E*, 1) (1)
8'Ip JE) CN 5'1s Jﬁ 3(Epe 1y

where the compound nucleus formation cross section

(2)

2 27 + 1
ooy W) = X; J EEr

(E.)
(21,01) 21,41) S, L, L, "a

-7—



The partial and total decay widths of the compound nucleus

are given respectively by

(Esl (3a)

G(E*,I.,J) =2 X T
B’IB 5 Ly
s L3

_ Byax

g(J) = § %:: 2 5.: ;E Tyine (B§esIg )0 (5. Ty, )dES,
2 2 "8 o

(3b)

(all the symbols are defined in ref. 10).

The evaluation of the total decay width g(J), as well
as the emitted particle spectrum, requires the knowledge of the
energies, spins and parities of all final states and channels (b')
into which the compound nucleus may decay. Since usually only a
few low-lying levels are known, a level density expression is
employed for higher excitation energies. The Fermi-gas

expression7'8'19)

is expected to describe correctly the level
density at higher excitation energies and has heen used in the

present work:

o(E*,I) = (21+1)exp[-1(1+1/2)Z/ZGZ]D(E*) (4a)
where
.22
p(E¥) = exp(2(av) " 7) (4b)

12a’7% at) /% (202) */2

and the nuclear temperature t is related to the intrinsic excitation



energy U = E* - A corrected for the pairing energy & and level

density parameter a by:

Tne spin-cutoff parameter O depends on both excitation energy
5
and moment of inertia, @ = 2/5 MAR? = —%— r;A /’, thirough the

relation:
o = 6t/n’ (4¢)

A cutoff is imposed on the level density by the Yrast

line in the residual nuclei estimated from

2
EXF3%t (1) = B [1(1+1) k7] (s)

The expressions for the differential cross sections are

given by the relation'><18)
d &
g 1 -
$3(0.88,1,) = (-1)52781
4(2I,+1) (21_+1) LiL.L
a
Si182
J
TL1TL2 - -
x P (cos 9)_;?;T— x Z(LiJLyJ[S3L)Z (L,JL,T [S2d) (6)

The double differential cross section for an energy

- 9 -



bin 4AE* at an excitation energy E* is then evaluated by the re-

lation
Yrast cr

4’9 (5 - :EE:: :S: —L(o,E*, I)p (E*, 1y 7N

dfdE* J=0 dn

and the angle integrated cross section is then given by

IYrast Jcr Jcr
o - = c (B3 1500 (BS,Ip) = 2 o (ES) ®)
IB=0 J=0 ' J=0

III.1. Determination of the Level Densities

when the Fermi-gas model is used, the level density

parameter a can be written asa)

a = [0.00917(S(2) + S(N)) + b]A

where S(2) and S(N) are proton and neutron shell corrections and
b is a constant which depends on the nuclear symmetry. If shell
corrections are unavailable, a very rough, uniform expression
a = A/constant may be used. Facchini et a1.7) proposea a value

of a = A/8 for the uniform level density parameter.

In order to extract a uniform value for s-d nuclei,
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from the present work, the shape of the a,p,d, and t spectra from
the '“N, !® 280 + !2C reactions were fitted simultaneously using

a comnon level density. It is clear that the shape of the spectra
as well as the partial decay widths for all decay channels are
essentially governed by the final nucleus level density and

critical angular momentum. The total cross section

E* + AE
(AE*) = ° do dE® (%)
op {8ET) = de*
’
ES

corrcsponding to the exit channel b, has also been fitted to the

data.

No satisfactory fits to the data were obtained using
a uniform level density parameter i.e. a = A/constant., Figure
5 shows the results for the a,p,d exit channels of the '2C + 160
system. Consequently the level density parameters were treated
as independent free parameters for the different channels with
the condition that the same value for a has been used for a given

final nucleus regardless of how it has been populated.

Initially the reduced radius ry, associated with the
mament of inertia (eq.4c), has been adjusted by fitting the anisotropy of
the angular distribution (see f£ig. 3). The parameters used in
the pregent calculations are listed in tables 1-3. The fits of the

angle integrated cross sections ob(AE') for all the channels

- 11 -



(fig. 6) provided a first estimate of adequate level density pa-
rameters. However a finite set of parameters that give equivalent
fit quality can be obtained. The individual and simultaneous

fit of the shape and magnitude of all exit channels observed in

all the reactions investigated removes this ambiguity (see fig.

.

It is important to note that the o and p channels
determine essentially the magnitude of the Hauser-Feshbach
denominator g(J). The third important channel, the neutron
emission, has been investigated only in the 120 4 16p caseIZ),

and the results have been used only as guides for the cross -section

normalization.

The d and t channel have very reduced effects on the
overall agreement of the fits determining only the shape of the

explicit channel.

The final results are listed in table 4 and are compared
to values found in the literature. The uncertainties quoted in
table 4 reflect the statistical uncertainties, the parameter
ambiguities, the non explicit consideration of the neutron channel
and finally, small possible discrepancies when different sets of

optical model parameters are used,

- 12 -



I11.2. Determination of tne Critical Angular Momentum and Fusion

Cross—Section

Ceomplete fusion cross—sections of light heavy ion
collisions and associated critical anqular momenta are determined
essentially by the measurement of the cross section for the
formation of evaporation residues. In this section we show how
the study of the spectra of particles emitted in the light heavy

ion reactions also allows the extraction of this information.

The analysis of the expressions 1 to 3 together with
the fact that, in heavy ion reactions, the grazing angular
momentum of the emitted particle (Lg) is small compared to the
one in the entrance channel (L),indiccotes that the population of
high spin states (E*,I1I) in the final nucleus is favored by the high
angular momentum components (GJ) of th~ compouna nucleuslo'll).
The population probability of the final states is consequently

wll)

determined essentially by "statistical windows in the angular

momentum space (see fig. 8).

The truncation of the partial cross section sum
{(eq. 1) by the critical angular momentum Jcr substantially affects
the high spin state cross sections whereas the low spin states
remain unaffected10) (see fig., 8). This fact has two major

consequences. First, ti.e anisotropy of the angular distributions

of the continuum will be attenuated as the excitation energy increases

-13 -



due to an increase of the "average spin of the continuum”". Second,
the excitation energy dependence of the anisotropy is directly
related to the shape of the spectra and therefore related to the

critical angular momentum.

The fact that the "statistical windows" are centered
essentially at a J-value equivalent to the emitted particle plus

the channel spin (<J> = lg

+ Sb) clearly shuws that the windows
for light emitted particle channels (i.e. n or p) will be centered
at a much lower value than the window associated to the heavier exit
channel (i.e. a or Li),for equivalent final excitation energies

(see fig. 8).

An important consequence of this fact is that the
cross sections for different emitted particles will be affected
differently by the Jcr cutoff and therefore, the ratio of the
cross sections of a heavy particle channel with respect to a
light one is very sensitive to the critical angular momentum for
compound nucleus formation. These arquments underlie the method

proposed in the present work for determining Jcr'

As has been shown previously, the description of the
spectra as well as the integrated cross sections are also strongly
dependent on the level densities not only for the channel under
consideration but for all the possible decay channels included in

the Hauser-Feshbach denominator g(J) as shown by the relationship

E*+AE* o (EF,I, ,J)
c (AE®) -j ° Z aCN(J) b p(Eg,Ib)dE* 1o0)
E 3 g (J)
(¢}

- 14 -



In order to by pass the strong dependence of the results
in the level density it can be seen from figure 9 that the relative
value of the cross sections for a heavy particle channel compared
to a lighter one i.e. R = GQ(AE*l/Gp(AE*) is also highly sensitive
to the critical angqular momentum for fusion. Thus a fit of the
ratio R has the advantage that most of the dependence on the
level density is removed since the total decay width is the same

for both channels.

x2-fits to the experimental absolute cross sections
wer=2 performed using the sharp cutoff approximation in eq. 2 and 3
along with a difuseness described by writing the compound nucleus

formation as:

= 2
Oy = 4 ; (2"+1)TZ.PL {11a)
=0
where
1
P =
L 2-2
1l + exp Gcr

2 (11b)

represents the probability with which the 2-partial wave
contributes to the fusion after the barrier penetration. The x’-fits

summarized in figures 10 and 11 were calculated using the expression:

exp )HF

]
- 0(0EY,Jo,

, 1y oheED

)
N-1 1 . (12a)

*
AE1

- 15 -



where c(&E;)exP,:(iE;)HF and S.ps represent respectively the
i

experimental and Hauser-Feshbach cross sections for a bin of

excitation energy AE; in the spectrum, andaﬁE* the experimental
i

uncertainty.
If the shape only of the spectrum is fitted the

relation

exp HF
2 1 z g(AE’i') - 6(Jcr)c(AE;)
X* = g1 T {12b)
; Min

has to be minimized by varying the normalization factor S(Jcr).
The discrepancy and sensitivity of the fits shown in figure 10,
is very closely related to the exact knowledge of the level

densities.

Oon the other hand, the fit of the ratio of cross
sections R = GQ/GP shows rapid convergence to a Jcr'value which
is in agreement with the one obtained by means of evaporation
residue method (see fig. 11l). The complete fusion cross-section
can be deduced using the relations lla,b where the experimental
value of zcr in considered in equation 1lb, The comparison of
the results from the pres.nt work with the fvsion cross-sections
obtained by means of evaporation residues techniqueg) is shown ir

fiqure 12.

- 16 -



IV. CONCLUSION

The study of charged particle emissions in light heavy
ion reactions has been shown to k23 of capital importance in the
identification of the reaction mechanism. A careful analysis of
the continuum spectra as well as the douhle differential cross
sections dzc/deE* reveals clearly the time evolution of the system
and allows the extraction of important inclusive quantities such
as the averaged level densities and critical angular momenta for

complete fusion.

The statistical analysis of the spectra produced by
the decay of an equilibrated compound nucleus has been used to
extract, in the case of the !“N, 3¢’1%0 4+ !2C reactions, level
densities of s-d nuclei populated in at very high excitation
energies. The use of a microscopic descriptiorn for the level
densities calculated realistically in the context of the statisti-
cal model may be extended to investigate the dependence of the
level density parameters on the excitation energy well as the
angular momentum distribution determined by the spin cutoff para-

meter,

The investigation of the bombarding energy dependence
of the emission of heavy particles compared to the emission
probability of lighter ones (ag(a,Li)/a(n,p)) can supply an
alternative method for the determination of the critical angular

momentum of the compound nucleus and ecnsequently the fusion

- 17 -



cross section. This alternative can be very us2ful in the
investigation of light-heavy ion fusion reactirns in which

the evaporation of few particles leaves projectile like residues
which are easily confused with the products of quasi-elastic

processes.
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FIGURE CAPTIONS

Figure 1.

Figure 2.

Figure 3.

Two-dimensional E-AE spectra for the systems !N,
167189 4+ 120, From the upper plots we can note the
elimination of the slope in the discrete transitions,
and consequently an improvement in the resolution, when
we have in the x-axis Ep = (E + AE) (upper right)
instead of E (upper left). The contours of constant %,

from top to bottom, correspond to the a-particles, ‘'He,

He, t, 4 and p, respectively.

Spectrum of the !'2C('®0,a) *"Mg reaction, measured at

o
Eap = 54,2 MeV, eLAB = 8.5°. The high spin selectivity
of this reaction was explored for calibration. The
dotted line corresponds to a polinomial fit for the

continuum.

Experimental angular distributions for some excitation
energy intervals in the continuum referring to exit

~hannels for the system '2C + 160 (E = 54,2 MeV).

LAB
The solid lines correspond to the theoretical calcula-
tions performed with the code STATISIS), in the region
where the sequential decay contribution is negligible.
The dashed curves corresponding to the region that

includes the sequential decay, were normalized.



Figure 4. Comparison of some experimental spectra (dots) with the

predictions of the Monte-Carlo code LILITA (histogram).

Figure 5. Total cross sections, dpga+ for the main exit channels

referring to the system 12C + ?%0 (E = 54.2 MeV), as

LAB
a function of a/A. The dashed horizontal lines

correspond to the experimental values of o,.,, associated

AE
with their uncertainties. We can note by the observation
of the thin solid lines (calculations) that there no

values of a/A adjusting simultaneously ¢ for all

AE*
channels.

Figure 6. Fits of magnitude for Tppw referring to the ihree
systems !2C + !'N, !6’18g, The dots are the experimental
values and the vertical lines, the theoretical calculations.
The level density parameters used in the calculations,

are listed in tables 1-3,

Figure 7. Shape and magnitude simultaneous fits for the angle
integrated spectra, to all investigated reactions. The
dots ‘are the experimental values, the solid lines
correspond to the calculations for region AE* (the
dashed lines correspord to -the regions where the
sequential decay conﬁribution is important. We clearly
note, in this region, the deviation from the experimental

spectra).



LX)

Ons.

11

Figure

Figure

&. Partial cross section GJ(E*,I) for the excitation of
final states with different spins, for the reactions
12¢(1%0,a)%"Mg and ??c(*%0,p)27Al. J corresponds to
the angular momentum of the compound nucleus. The
dashed vertical line corresponds to the experimental
critical angular momentum for this reaction. The

dashed curve corresponds to the "statistical windows"

of the continuum (AE* = 1 MeV) at the indicate excitation

energy.

9. Cross sections o,., versus Jcr’ for the systems

AE
investigated in the present work. The solid lines are
the theoretical calculations. The triangles and the
dots correspond to the experimental values OAE* for the

a-particles and protons, respectively.

Figure 10. x?-fits of the absolute cross sections and the shape of

Figure 1l.

the spectra. The solid lines correspond to the absolute
crcss section fits and the dotted-dashed lines, to the

shape fits of the spectrum using eguation 12b,.

HF :
® -
32 = [Rexp (AE*) = Rppe Ugy)

ER

Fits for the ratio R = aa(AE*)/qp(AE*), using the relation



Fiqure 12. Fusion cross sections (oP) values calculated with the
values of J_ . obtained from the x2-fits. The dots are
related to the fits of the ratio. The triangles and
squeres correspond to the Jcr value obtained from the
absolute cross sections for a-particles and protons
fits, respectively. The open circles correspond to

the experimental values of Op fron Kovar et a1.9).



16g 4 M2¢ 0o+ 7754 p+ 271 d + ) t o+ 252) a + 24Mg
Y, | 75 o.4ccn" 56.3 - 0326, | 49.9 - 0.22Eg, + o103+ 22228 3] eyy - 0.17Ecy ¢} 125.3°)
~anez)/a ) +26.4(N-2)/A + 0.42/A 73 P) +50(N-2)A ©)
"o 1.35 1.7 1.16 1.05 1.20 1.55
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a - 0.58 0.74 - 0.008Eg, + 0.5 + 0.013/A°7> - -
+ (NN
R 1.35 - 1.25 1.30 1.30 1.3
N 5.0 2.9 160 ¢ 0.0 © 267 513 ¢
. LA 1.40 V.40 1.40 1.40 1.40
Y .
- -10.77 6.77
-0.42 5.17 5.67

Qo(‘“f 0.0 i

TABLE 1. Optical

a) Ref.

model and statistical model parameters for the system !'¢0 + ?2C

21

b) Ref. 22

c) Ref. 8
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r 1.35

[
L 0.45
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1.1?
0.75%
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D.Z?Ec" - 1.5

0.58

13.0 - 0.256, -
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1.26

0.58

49.9 - 02260, + .
+26.8(N-2)/A + 0.42/8' 73 1)
1.16
0.75

1.2+ 0.0, b)

1.37

0.74 - 0.008€
+ (N-Z)/A
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15.5(0-27)/8 )

1.37
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+ (N-2)/A
1.25

2.16 ©)

V.40

8.27
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5.13%)
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b)
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+50(N-2)/A

0.72

4.7 - 0.33Ey +
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1.40
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2.16 ¢
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PR %!

1.5%

0.5

1.30
0.0

5.62
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125.3 Y

)

0.7 Y

<)

TABLE 2. Optical model and statistical model parameters for the system !N + !'2C

a) Ref.

21

b} Ref. 22

¢) Ref. 8




(1%0 s 120 p o+ 255 p+ 291 d + 2841 t + 278 a + 25Mg

! 1 -0 26 - -
v, | 17.0 |47.01-0.26E, |56.09-0.55E,, | 81.0-0.22€, 1471 99.9
r 1.35 1.34 1.25 1.15 1.40 T 5
3, 0.57 0.66 0.65 0.81 0.61 0.60
W, 7.19 - - - 54.1 11.3
ir, 1.35 - - - 1.40 1.50
a, 0.57 - - - 0.61 0.60
Ny - 9.52-0.053E,| 13.5 14.4+0.24E - -
rg - 1.28 1.25 1.34 - -
a - 0.48 0.47 0.68 - -
R, 1.35 - 1.25 1.15 1.4 1.5

a

A 5.0%) 2.09 2} 1.67 0.0 3 1.80 a) a.26%)
ry 1.40 1.40 1.40 1.40 1.40 1.40
Q, (Mev) 0.0 13.039 10.141 2.93 1.46 13.008

TABLE 3. Optical mode1®3) and statistical model parameters for the system !%0 + !2C

a) Ref. 8



Nucleus a(Mev 1)* A/a(MeV) a(MeFT)+
223 | 4.11 + 0.08 5.35 3.13 2
23Mg 4.37 + 0.07 5.26 -
24Mg | 4.03 =+ 0.04 5.96 3.32%) ,3.48°)
25Mg | 4.13 s 0.06 6.05 3.852) ,3.70°)
26Mg | 4.37 + 0.07 5.95 4.08 2
2541 | 4.63 + 0.09 5.40 3.54 °)
261 | 3.51 & 0.03 7.41 3.65 )
27p1 | 3.92 ¢ 0.08 6.89 3.45%) ,4.90%)
2849 4.00. + 0.04 7.00 -

2971 | 4.26 + 0.06 6.8 a.08 2
TABLE 4. level density parameters
* Present work
+ Results found in the literature
a) Ref., 8 b) Ref. 7 ¢c) Ref. 20
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