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HIGH-ENERGY 
-RAY EMISSION STUDIES WITHJANOSIK SET-UP IN 20Ne+12C at 5.2 MeV/u�E. Wój
ik, M. Ki
i«ska-Habior, O. Kijewska, M. Kowal
zykIstitute of Experimental Physi
s, Warsaw UniversityHo»a 69, 00-681 Warsaw, PolandM. Kisieli«ski, J. Choi«ski, A. KordyaszHeavy Ion Laboratory, Warsaw University, Polandand W. Czarna
kiA. Soªtan Institute of Nu
lear Studies, �wierk, Poland(Re
eived De
ember 20, 2002)Statisti
al emission of high-energy photons in heavy-ion rea
tions20Ne+12C !32S at 5.2 MeV/u and 19F+12C !31P at 4.4 MeV/u has beenstudied and the Giant Dipole Resonan
e strength fun
tions in 32S and 31Pat ex
itation energy of 58 and 55 MeV have been extra
ted. Possible isospinand deformation splitting of the GDR are dis
ussed. The derived isospinmixing 
oe�
ient for 32S states at 58 MeV ex
itation is presented.PACS numbers: 24.30.Cz, 25.70.�z, 23.20.�g1. Introdu
tionThe giant ele
tri
 dipole resonan
e (GDR) built on the ground statesof the light (2s�1d) shell nu
lei is known to be 
onsiderably fragmented.In addition to 
on�gurational splitting resulting from inner and outer shellex
itation, isospin splitting has been postulated for these nu
lei. It wasfound that for light- and medium-mass nu
lei with neutron ex
ess, i.e.T = Tz = (N � Z)=2 6= 0, in whi
h valen
e neutrons and protons �ll thesame major shells, a splitting of the GDR built on the ground states origi-nates from isospin e�e
ts [1℄. The GDR splits into two 
omponents having� Presented at the XXXVII Zakopane S
hool of Physi
s �Trends in Nu
lear Physi
s�,Zakopane, Poland, September 3�10, 2002.(2399)



2400 E. Wój
ik et al.isospin T> = T + 1 and T< = T , respe
tively. The two 
omponents areseparated in energy by the 
ombined symmetry energy of all parti
les andholes, whi
h parti
ipate in the dipole ex
itation. This displa
ement energyis approximately given by �E = E> � E< = 60(T + 1)=A MeV, and thefra
tional strength distribution among the 
omponents is S< = T(T+1) (1+ 
T )and S> = 1(T+1) (1� 
), where 
 = 3T2A2=3 is the 
orre
tion due to Pauli blo
k-ing [1℄. Thus for self-
onjugate nu
lei with T = 0 only the T> = T + 1
omponent should be observed.Moreover, the identi�
ation of the GDR splitting proposed above is notthe only one possible. Substantial stati
 deformation has been also observedfor these nu
lei, thus a splitting of the GDR into two 
omponents is alsoexpe
ted as a result of a dipole ex
itation built on the deformed state. Theenergies of the dipole vibrations along the two semiaxes a and b 
an be
al
ulated from the formula Eb=Ea = 0.911 (a=b)+ 0.089, based on thehydrodynami
 model.It is interesting to study the GDR built on the ex
ited states in thesenu
lei, at nu
lear temperature T � 2 MeV, where we expe
t the shell e�e
tsto vanish and the isospin to be nearly 
onserved. Thus, we have startedthe proje
t devoted to the high-energy 
-ray (E
 = 5�50 MeV) emissionin the 20Ne+12C and 19F+12C heavy-ion 
ollisions at proje
tile energy ofEproj=A = 5�10 MeV/u. The purpose of this work is to investigate theproperties of hot, fast rotating 
ompound nu
lei around 32S and to extra
tinformation on the Giant Dipole Resonan
e (GDR) built on ex
ited statesin those systems as a fun
tion of the e�e
tive nu
lear temperature. We have
hosen the 32S as a 
ompound nu
leus in whi
h we have populated the GDRby the isospin T = 0 entran
e 
hannel. The attempt to take advantage ofthe isove
tor nature of ele
tri
 dipole radiation in order to extra
t the degreeof isospin mixing in 32S at high ex
itation is dis
ussed.The 32S nu
lei in the ground state are deformed with � = 0.31 and theprolate shape [2℄. It has been theoreti
ally predi
ted that the superdefor-mation is expe
ted for 32S and nearby mass nu
lei [3℄. A

ording to thepredi
tions of the Rotating Liquid Drop Model (RLDM) [4℄ and in agree-ment with experimental observations [5,6℄, light- and medium-mass nu
lei
an be formed in fusion rea
tions at high angular momenta, near the limit of
ompound nu
leus formation, with a very elongated triaxial �Ja
obi� shapes.The phase transition in whi
h the nu
lear shape 
hanges from oblate to tri-axial and nearly prolate may be studied in statisti
al de
ay of those nu
leithrough the GDR strength fun
tion [5,6℄. In order to sear
h for the shape
hanges of 32S, these 
ompound nu
lei have been formed with the spin dis-tribution extending above the 
riti
al angular momentum predi
ted for theoblate � triaxial transition.
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-Ray Emission Studies with. . . 24012. Experimental dataMeasurements of the 20Ne+12C !32S rea
tion at 5.2 MeV/u and9.5 MeV/u and 19F+12C!31P rea
tion at 4.4 MeV/u have been undertakenusing the 
y
lotron beams at the Heavy-Ion Laboratory of Warsaw Univer-sity. The energy spe
tra and angular distributions of the 
-rays emitted inthe rea
tions studied have been measured with the multidete
tor JANOSIKset-up [7℄. High-energy 
-rays have been separated from neutron-indu
edevents by the measured time-of-�ight. High-energy 
-ray spe
tra have been
alibrated with the 244Cm/13C sour
e as well as with monoenergeti
 linesat 4.44 MeV and 15.1 MeV from 11B+D rea
tion at 19.1 MeV energy ofthe 11B beam. Spe
tra at three angles �lab =60Æ, 90Æ and 120Æ have beennormalized to the summed multipli
ity (larger than 2) of low-energy 
-raysmeasured by the multipli
ity �lter and then transformed to the 
ompoundnu
leus 
enter-of-mass frame. We have also measured energy spe
tra andangular distributions of light 
harged parti
les by two Si teles
opes pla
ed inthe va
uum 
hamber around the target. These measurements should allowto determine 
ontributions of di�erent pro
esses in the me
hanism of thestudied rea
tions at several proje
tile energies.3. Data analysis and resultsFinal analysis of the measured angular distributions of 
-rays and
harged parti
les, whi
h should allow to 
on
lude on the 
hara
ter of theiremission, is still in progress. It is however expe
ted that at the low pro-je
tile energies about 5 MeV/u 
ompound nu
lei are formed by 
ompletefusion only and the 
-ray emission is mostly of the statisti
al 
hara
ter. Ifso, then the least squares �tting of the statisti
al model 
al
ulations to theexperimental high-energy 
-ray spe
trum should allow to extra
t the GDRparameters by using the CASCADE 
ode. With this assumption we haveobtained preliminary values of the parameters for the GDR populated inthe 19F+12C rea
tion. Cal
ulations in
lude the isospin, the experimentalvalue of fusion 
ross-se
tion, level densities given by the Reisdorf's param-eterization, and a spin-dependent moment of inertia in agreement with theRLDM. The GDR parameters have been treated as free parameters in the�tting. The quality of the �ts with double Lorentz fun
tion representing theGDR strength fun
tion (see Fig. 1, left bottom) was better than for a singleLorentzian.The extra
ted preliminary GDR parameters are: S1 = 0.40� .04, E1 =16.7 � .1 MeV, �1 = 3.7 � .4 MeV, S2 = 0.57 � .05, E2 = 21.0 � .2 MeV,�2 = 7.90 � .8 MeV; Stot = 0.97 � .04, ~E = 19.2 MeV, S2=S1 = 1.43 � .2.It is well known that the yield of high-energy 
-rays in the statisti
al de-
ay of self-
onjugate nu
lei populated by entran
e 
hannels with the isospin
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Fig. 1. Measured and �tted gamma-ray spe
tra (top) and absorption 
ross-se
tion(bottom) for 19F + 12C rea
tion at 4.4 MeV/u (left) and for 20Ne + 12C rea
tionat 5.2 MeV/u (right).

10
-5

10
-4

10
-3

10
-2

10
-1

1

10

10 2

10 3

5 10 15 20 25 30

32S

31P

Eγ (MeV)

σ γ(
E

γ)

Fig. 2. Comparison of measured 
-ray 
ross-se
tions for the 20Ne+12C !32S and19F+12C !31P rea
tions.



High-Energy 
-Ray Emission Studies with. . . 2403T =0, should be strongly inhibited in 
omparison with the yield from theT 6= 0 entran
e 
hannels and in nu
lei with N 6= Z [9℄. The experimental evi-den
e of this e�e
t is shown in Fig. 2 where the measured 
-ray 
ross-se
tionsfor the 20Ne+12C!32S and 19F+12C!31P rea
tions, whi
h populate stateswith similar ex
itation energies of 58.3 MeV and 55.1 MeV, are 
ompared.It might be expe
ted that the GDR built in 
ompound nu
lei with simi-lar mass and ex
itation energy should have very 
lose parameter values. Wehave then planned to use parameters of the GDR built in 31P in statisti
almodel 
al
ulations for 20Ne+12C !32S rea
tion, and to obtain the degreeof isospin mixing in 32S from 
omparison of statisti
al model 
al
ulationswith the measured 
-ray spe
trum. Statisti
al model 
al
ulations for the19F+12C rea
tion were found to be insensitive to isospin mixing. However,the �tting of the 20Ne+12C!32S rea
tion data with double Lorentz fun
tionrepresenting the GDR strength fun
tion in 31P appeared to be impossible.The high-energy GDR 
omponent is not present in these data. Fits havebeen then performed with a single Lorentzian, by 
hoosing the starting pa-rameters as Stot = 1, E = 16.7 MeV, � = 7.7 MeV, and sear
hing for thebest value of the isospin mixing 
oe�
ient. Preliminary GDR parameters:Stot = 0.84 � .03, E = 16.4 � .3 MeV, � = 7.4 � .3 MeV (see Fig. 1, rightbottom) and the isospin mixing 
oe�
ient �2 = 0.03 �0.02 were derived.
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Fig. 3. Comparison of measured 
-ray 
ross-se
tions for the 20Ne+12C !32S rea
-tions at 5.2 MeV/u and 9:5 MeV/u.



2404 E. Wój
ik et al.The value of �2 might be 
ompared with the �2 = 0.032 �0.029 obtainedfor 28Si at ex
itation energy of about 60 MeV [10℄.The 
-ray spe
trum for the 20Ne+12C !32S rea
tion at 9.5 MeV/u wasalso measured in a test experiment with small statisti
s and is shown inFig. 3 together with the data at 5.2 MeV/u.4. Con
lusionsThe nature of the GDR splitting in 31P might be dis
ussed by takinginto a

ount the isospin and deformation e�e
ts. The GDR built on theT = 1 states in 31P should have two 
omponents with an energy separation�E = 2.9 MeV and the predi
ted strengths S< = 0.38 and S> = 0.62.In the experiment we have found the energy di�eren
e of the two �tted
omponents equal to 4.3 MeV, and the GDR mean energy to be 19.2 MeV.The GDR built on the T =0 states in 32S should have only a single T =1isospin 
omponent, as it is observed in our experiment, but it should appearat the GDR mean energy, i.e. around 19 MeV. If we assume existen
e ofthe isospin mixing at high ex
itation in 32S, we may 
onsider that the GDRmay be also built on the admixture of T =1 states and would have theT = 0 and T = 2 
omponents [11℄. The separation of 5.6 MeV betweenthose 
omponents, and the strengths of 0.43 and 0.57 for T = 0 and T = 2
omponents, respe
tively, were predi
ted for the GDR built on pure T = 1state. Thus the T = 0 
omponent should be observed around 16 MeV.On the other hand both studied nu
lei should exhibit some deformationwhi
h will presumably in�uen
e the GDR splitting. The measured a2(E
)angular distribution 
oe�
ient should soon give us information about the de-formation of the nu
lei in whi
h the GDR is built. Experiments at 9.5 MeV/uwill be 
ontinued in order to observe the evolution of the GDR in nu
leistudied with in
rease in nu
lear temperature.This work was partly supported by the Polish State Committee for S
i-enti�
 Resear
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