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HIGH-ENERGY 
-QUANTA EMISSIONIN HEAVY-ION REACTION 18O + 27Al at 8.3 MeV/u�O. Kijewska and M. Ki
i«ska-HabiorInstitute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00�681 Warsaw, Poland(Re
eived November 3, 2000)The 18O + 27Al rea
tion at 8.3 MeV=u is dis
ussed in 
omparison withthe same rea
tion performed for lower proje
tile energies between 2.5 and6 MeV=u. In this report an in�uen
e of additional rea
tion me
hanism �an in
omplete fusion � has been analyzed.PACS numbers: 24.30.Cz, 25.70.�z, 23.20.�g1. Introdu
tionThe intention of this work was to study the importan
e of the in
om-plete fusion me
hanism whi
h may take pla
e in the 18O + 27Al rea
tionat 8.3 MeV=u proje
tile energy and to 
ompare the results with those forthe same rea
tion analyzed earlier for lower energies of 2.5�6 MeV=u [1,2℄.High-energy 
-ray emission studies performed for several heavy-ion 
ollisionsat proje
tile energies of 6�11 MeV=u [3℄ allow us to expe
t that 
ontribu-tions of bremsstrahlung emission and in
omplete fusion in the 18O + 27Alrea
tion up to 6 MeV=u were absent or almost negligible, as it was assumedin the analysis in [1,2℄. The 
-ray spe
tra at higher proje
tile energies areobviously in�uen
ed by these pro
esses whi
h may be, however, di�
ultto observe in this nearly mass-symmetri
 rea
tion. The available data at8.3 MeV=u [4℄ were earlier analyzed taking into a

ount the 
omplete fu-sion and bremsstrahlung emission [5℄. We de
ided to 
ontinue the analysisreported in [5℄ in order to estimate the 
ontribution of in
omplete fusion.In the analysis performed here for the rea
tion studied the CASIBRFIT
ode [6℄ has been used and both 
omplete and in
omplete fusion and thebremsstrahlung pro
ess have been in
luded. The statisti
al emission from� Presented at the XXXV Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 5�13, 2000.(829)
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i«ska-Habiorthe average 
ompound nu
leus produ
ed in fusion rea
tions and the nonsta-tisti
al emission during the initial stages of the 
ollision pro
ess [5℄ has beentaken into a

ount.2. In
omplete fusion me
hanism and assumptionsIn the 
ase of an in
omplete fusion of two 
olliding nu
lei only a partof a proje
tile undergoes the fusion with the target 
reating a new 
om-pound nu
leus of mass number eACN and atomi
 number eZCN. The otherpart of the proje
tile � the Preequilibrium Parti
le (PreeqP) � is emittedbefore equilibration of a 
ompound nu
leus. The preequilibrium parti
leshere 
ould be protons, neutrons, �-parti
les and 8Be nu
lei de
aying intotwo �-parti
les. Ea
h PreeqP 
arries away a part of available mass (�Ai),energy (�Ei), 
harge (�Zi) and spin (�Ii). Thus, the initial ex
itationenergy eE�CN, mass eACN, 
harge eZCN and spin eICN of the 
reated 
ompoundnu
leus are 
orrespondingly lower:eACN = A45S
 ��A ; eZCN = Z45S
 ��Z ; eE�CN = E�45S
 ��E*; (1)�E� = X(Ti +Bi)�i ; �A =X�Ai�i ; �Z =X�Zi�i : (2)Here Bi and Ti (Table I) are the binding PreeqP energy 
al
ulated withCASCADE 
ode and the average kineti
 PreeqP energy evaluated in theFermi Jet model [7℄, sin
e in the 18O+27Al experiment only 
-rays weremeasured. The emission multipli
ity �i of possible PreeqP's was estimatedby using the literature data. The multipli
ities of �-parti
les were evaluatedfrom the ratio of 
ross-se
tions for 
omplete and in
omplete fusion (with�-parti
les emission) and its dependen
e on the proje
tile velo
ity (�lab)measured for the 12C+51V rea
tion at proje
tile energies of 36�100 MeV [8℄.Su
h ratio of the 
ross-se
tions depends nearly linearly on �lab and onlyweakly on the kind of rea
tion [9℄. The multipli
ity of the protons was
al
ulated as a half of the �'s multipli
ity, a

ording to [10℄. The multipli
ityof the neutrons was estimated on the basis of the 12C+Gd rea
tions data [11℄.TABLE IChara
teristi
s of the PreeqP's in the 18O+27Al rea
tion at 8.3MeV=u.PreeqP Ti[MeV℄ Bi[MeV℄ Ei = Ti +Bi[MeV℄ Ai Zi �in 10 11.3 21.3 1 0 0.75p 12 6.9 18.9 1 1 0.23�,8Be 22 7.9 29.9 4 2 0.46
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-Quanta Emission in Heavy-Ion Rea
tion : : : 831All the values found are given in Table I. In order to take into a

ount anaverage e�e
t of the 
omplete and in
omplete fusion, when analyzing therea
tion, an average proje
tile ( eAP; eZP) has been assumed to intera
t withthe target of 27Al during the 
ollision leading to fusion:eAP = A18O ��A; eZP = Z18O ��Z: (3)Considering the values given in Table I, the average proje
tile taking part inthe fusion may be estimated to be 15N. Thus the average 
ompound nu
leusis 42Ca. The initial ex
itation energy of 42Ca is eE�CN = 78.6 MeV, whi
hrequires the 15N proje
tile energy to be equal to 88.9 MeV in the laboratoryframe. 3. CASIBRFIT 
al
ulations and 
on
lusionsThe CASIBRFIT 
ode used in the presented 
al
ulations has in
ludedboth the bremsstrahlung pro
ess in the 18O+27Al rea
tion at 8.3 MeV=uproje
tile energy and the statisti
al Giant Dipole Resonan
e (GDR) de
ayof the average 
ompound nu
leus 42Ca at eE�CN = 78.6 MeV=u 
reated inthe 15N+27Al rea
tion at 5.2 MeV=u. The 
-ray emission 
al
ulated forboth statisti
al and nonstatisti
al pro
esses has been �tted to the measureddata [4℄: 
-ray spe
trum �
(E
) and angular distribution 
oe�
ient a1(E
).The GDR parameters for the two 
omponents of the GDR: S1, E1, �1, S2,E2, �2 and the bremsstrahlung parameters: �0, E00 have been varied andextra
ted from the �t. They are listed in Table II. TABLE IIGDR and bremsstrahlung parameters for the 18O + 27Al at 8.3 MeV=u.�E E2=E1 S2=S1 S1+S2 FWHM19.9 � 7.5 1.35 � 0.18 0.9 � 10.5 1.33 � 0.92 18.2 � 1.1�1 �2 �0 E0(30 MeV) [MeV℄13.5 � 19.2 17.0 � 34.9 0.078 � 0.115 7.3 � 2.9Results of the �t are shown in the Fig. 1. The presen
e of the in
ompletefusion 
ontribution in the 
al
ulations resulted in lowering of the ex
itationenergy of the 
ompound nu
leus formed. As a 
onsequen
e the statisti
al
-ray 
ross-se
tion de
reased at high E
 . It for
ed the se
ond GDR 
om-ponent and bremsstrahlung 
ontribution to in
rease in order to �t the data.As a result the �tted value of a1(E
) 
oe�
ient be
ame positive and slowly
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Fig. 1. CASIBRFIT 
al
ulations for 18O + 27Al at Eproj=A=8.3 MeV=u: measuredand �tted 
-ray spe
trum �(E
) (upper solid line � total, lower solid line � sta-tisti
al 
ontribution, dashed � bremsstrahlung 
ontribution), a1(E
) 
oe�
ient,absorption 
ross-se
tion �abs(E
) and a2(E
) 
oe�
ient.in
reasing at high E
 . The ratio of the S2=S1 be
ame larger and the relative
ontribution of the se
ond GDR 
omponent in
reased, improving the qualityof the �t, when 
omparing with the results for only the 
omplete fusion andbremsstrahlung in
luded [5℄. It suggests that even if the in
omplete fusionand bremsstrahlung pro
esses should be taken into a

ount at proje
tile en-ergy of 6 MeV=u for the rea
tion studied, they would 
ause an in
rease ofthe se
ond GDR 
omponent in the 
al
ulated absorption 
ross-se
tion whi
hwould support the 
on
lusion of [1,2℄.REFERENCES[1℄ M. Ki
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