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A SEMIEMPIRICAL PREDICTION OF THE OCCURRENCE OF RESONANCES IN 

HEAVY ION REACTIONS 

D. Pocanic and N. Cindro

11 Rudjer B0skovic 11 Institute, 41001 Zagreb, Yugoslavia 
In this contribution we propose a semiempirical prediction of 

the occurrence of resonances in heavy ion reactions, based on an 
estimate of their spreading width. This calculation is applied to 
s-d nuclei from A=2 4 to 32·.

Our main assumptions are (i) the resonances are associated 
with simple configurations leading to rotational-like bands; 
(ii) the experimental observation of resonances is related to the
spreading width r

"' of such configurations r
"' =2,r I <e!IV jCN> 1 2P (Ex,J)

estimated uwing existing models of nuclear level density and neg­
lecting the influence of the matrix element. 

Our method consists in determining the regions of observed 
resonances in nuclear systems in the E

a 
vs. J(J+l) plane. Such

regions are well defined in 24Mg and 2 Si; indications about res­
onances and their spins exist also in 29130si. The densities cor­
responding to medians of these regions are first fitted by a Fer­
mi gas expression with a=0.12 A and a 2=1.2 a .. d•T/n2 • In thisr1.g1. 
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Si way a constant density

,,/ line in the Ex vs .J (J+l)

325j 

plane was determined for 
each system (fig. 1). 
Fig. 2 shows that the so 

F obtained values of poine
for 2 4Mg and 2 812913 Si
lie on an exponential 
line. We assume that this 
line defines values of 
Piine for all neighbour­
ing nuclei. In this way 
one maps regions in the 

\ 
Ec•E8 �r- •68000me 

Ex vs. J(J+l) planes where
resonances are -to be ex­
pected, unless structure 
effects prevent the pos­
sibility of their observa­
tion. 
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To take structure 
effects into account, we 
performed a calculation 
of level densities based 
upon the Gilbert-Cameron 
model with a= a b and

- -0 s 

the above value of a 2
• 

The squares in fig. 2 
correspond to values of 
P1

2• obtained by fit-ine 
ting the medians of pre-
viously mapped "reso­
nant" regions with the 
second model. The re­
sults show that (i) the 

GC 24 values of Pline for Mg
and 2 8,2 9, 3051 (full 
squares) are substan­
tially smaller (factor 
of 2 or more) than the 

corresponding Fermi gas values; (ii) in other systems there is a 
twofold effect: in some c 32P, 3 2s) the level densities Pi�ne are
lowered, while in others c25126Mg, 26127Al, 301 31P) they are in­
creased or virtually not changed with respect to Pi· ·• We ex-

GC F ine 
pect that for nuclei with pli <<p1. the estimated value of

+ 
� �e 

r associated with the resonances will be considerably smaller 
·Ge > F than for nuclei with Pline� Pline· Consequently, the experiment-

al observation of resonances in the former is more likely than in 
the latter nuclei. 

Other physical quantities capable of influencing the expe­

·rimental occurrence of resonances (<ellVICN>, number of open
channels) will be discussed in a forthcoming paper.
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EVIDENCE FOR A NON-STATISTICAL POPULATION OF HIGH SPIN STATES 

IN 
24

MG VIA THE 
12

c(
13

c,n) REACTION
+) 

D. Evers, w. Assmann, J. Ehrenberg, P. Konrad and K.E.G.Lobner
Sektion Physik, Universitat Milnchen,D-804 6 Garching 

Our earlier measurements of the 12cc 13c,n) 24Mg reaction at e.g.
Ee m = 14 .4 MeV yielded strong excitation of states between 
E � i0.15 and 21.2 Me:V in 24Mg which due to a Hauser-Feshbach 
a�alysis were likely candidates to have spins J > 1 O· 1) • When the 
incident energy was raised to E m = 19.2 MeV the decrease of 
the yield of states at Ex= 20.a8·and 21.00 MeV, however, turned 
out to be considerably larger than expected from the correspond­
ing Hauser-Feshbach predictions. Further neutron time-of-flight 
measureme�ts of this reaction have been performed with inci-
dent energies between Ec.m.= 13.4 and 15.3 MeV to f2ecf

3
whether 

this behaviour may be caused by resonances in the c+ c sys-
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tem.The SP,ectra have 
been taken at a 
flight path of 4m 
and angles of e�o0 

and 1So0 using larg� 
efficiency neutron 
counters.The 1aoo 

data were obtained 
by interchanging tar­
get and projectile. 
Spectra observed at 
E� m = 14.7 1 MeV are
shown in fig. 1.In 
the range of present­
ly studied pro jectile 
energies we found no 

indications of isola­
ted resonances. How­
ever, forward-back­
ward asynnnetries are 
present and clearly 
demonstrated at cer­
tain exc;iation ener­
gies in Mg when 
the spectra at o0 

o+-�--r-���--���---����-----,.--- and 180°, converted 
20.0 15.0 10,0 s.o 0.0 

Ex(MeV) 
to double differen­
tial c.m.cross sec­
tions, were subtrac-

Fig. 1. Double differential cross sections·ted from each other. 
obtained from the neutron time-of-flight At the excitation
spectra are plotted versus the excitation energies marked in 
energy in 24Mg. The histogram plot shows fig. 2 the asymme-
da ta at 1 so0

• try change as a func­
tion of the incident 
energy shows struc­
tures which have 
widths of 
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re
m

� 300 keV. T2!s limit is about twice the coherence width 
expected for the Mg compound nucleus at an excitation ener­
gy around 31 MeV we are here dealing with. Two explanations 
may be given for this non-statistical behaviour. It is caused 
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Fig. 2. Difference of the spec­
tra shown in fig. 1 as well as 
of those obtained at other indi­
cated incident energies. 

either by a few overlapping 
resonances of opposite pa­
rity or a direct multi-nu­
cleon transfer. The rather 
constant backward peaking 
of the 8.12 Mev,6+ and the 
20.2 MeV, possibly 1o+st�te 
in 24Mg for the examined 
projectile energy range of 
6E = 1.2 MeV seems to 
ma�emthe latter possibility 
the more probable one. An 
interesting consequence then 
would be that these states 
have a large 12c parentage. 
As our preliminary calcu­
lations with the finite ran­
ge DWBA code LOLA show, the 
excitation of the 8.12 MeV 
state cannot be explained, 
however, by a simple cluster 
transfer of 12c in the low­
est o+state into the p and 
sd shells. 
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