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CAN WE PREDICT CAPTURE AND FUSIONEXCITATION FUNCTIONS?�K. Siwek-Wilzy«ska, E. SiemaszkoInstitute of Experimental Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Polandand J. Wilzy«skiThe Andrzej Soªtan Institute for Nulear Studies05-400 Otwok-�wierk, Poland(Reeived Deember 28, 2001)Existing data on near-barrier fusion and apture exitation funtionsfor about 50 medium and heavy nuleus�nuleus systems have been anal-ysed using a phenomenologial model, in whih fusion barriers are assumedto have Gaussian distributions. Systematis of the barrier-distribution pa-rameters, the mean barrier and its variane, are presented. Dedued valuesof the variane parameter show an important role of nulear struture ef-fets, whih we propose to aount for by relating values of the varianeparameter with fusion energy thresholds alulated with the fusion adia-bati potential.PACS numbers: 25.70.Jj 1. IntrodutionAurate knowledge of �apture� exitation funtions is very importantfor an optimum hoie of projetile-target ombination and bombarding en-ergy in modern experiments aimed at prodution of new superheavy ele-ments. We use the term �apture� to all the proess of overoming theinteration barrier in a nuleus�nuleus ollision, followed by formation of aomposite system. In general, the omposite system undergoes fusion onlyin a fration f of the apture events. For light and medium systems f � 1,but for very heavy systems, only a small portion (f � 1) of �apture� eventslead to fusion. (For the remaining part of events, the system reseparatesprior to equilibration in fast �ssion proesses.) Clear distintion betweenfusion and apture ross setion is then neessary.� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001. (451)



452 K. Siwek-Wilzy«ska, E. Siemaszko, J. Wilzy«skiIn the present work we analyse an ample set of near-barrier fusion ex-itation funtions using a phenomenologial model that assumes the Gaus-sian distribution of fusion barriers. For the hosen set of reations, thefusion ross setions are pratially idential with the apture ross setions.Therefore the established systematis, that also inludes some apture datafor super-heavy systems, enable one to predit apture ross setions for veryheavy systems.2. Analysis of fusion exitation funtionsIt is well known that fusion exitation funtions annot be satisfatorilyexplained assuming penetration through a single, well de�ned barrier in thetotal potential energy of a olliding nuleus�nuleus system. In order toreprodue shapes of the fusion exitation funtions, espeially at low near-threshold energies, it is neessary to assume oexistene of di�erent barriers,a situation that is naturally aounted for in desription of fusion reations interms of oupled hannel alulations involving oupling to various olletivestates. As it was demonstrated by Rowley, Sathler and Stelson [1℄, an ef-fetive fusion-barrier distribution an be dedued from a preisely measuredfusion exitation funtion by taking the double derivative of the produt ofthe ross setion multiplied by energy, d2(�E)=dE2. Reversing the situa-tion, we assume a ertain shape of the barrier distribution in attempt toreprodue the measured fusion exitation funtions and thus obtain theirphenomenologial parametrization.We assume the Gaussian shape of the barrier distribution:p(B) = 1�Bp2� exp ��(B �B0)22�2B � (1)with the mean barrier B0 and its variane �B being free parameters to bedetermined individually for eah reation by omparing predited fusion ex-itation funtion with experimental data. By folding the barrier distribution,Eq. (1), with the lassial expression for the fusion ross setion,�fus = �R2B �1� BE� ; (2)one obtains the following lose formula for the energy dependene of thefusion ross setion:�fus = �R2B �BEp2� nXp�(1 + erfX) + e�X2o ; (3)where X = (E � B0)=(p2B0), and erfX is the Gaussian error integral ofthe argument X. By RB we denote the distane orresponding to loation



Can We Predit Capture and Fusion Exitation Funtions? 453of the interation barrier. Along with B0 and �B, RB is a parameter tobe determined by �tting Eq. (3) to experimental data. In derivation of for-mula (3), the quantum mehanial tunneling is not aounted for. However,sine the tunneling only slightly smears out the fusion exitation funtionaround E = B0, its e�et is automatially inluded in an empirial value ofthe variane �B dedued for a given reation.Formula (3) represents a very onvenient parametrization for fusion andapture exitation funtions, suitable for near-barrier energies. (At higherenergies, the entrane-hannel angular-momentum limitations, not aount-ed for by Eq. (3), may redue the fusion ross setion.) In Fig. 1, one ansee four examples of measured [11,13℄ fusion exitation funtions �tted withformula (3), using the least �2 method. We have analysed in suh a way anample set of published experimental data [2�18℄. All the hosen exitationfuntions have been preisely measured in the near-barrier range of energies
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150 160 170 180 190 200Fig. 1. Examples of fusion exitation funtions alulated with Eq. (3), assumingGaussian distribution of the fusion barrier. Experimental data are taken fromRefs. [11,13℄.



454 K. Siwek-Wilzy«ska, E. Siemaszko, J. Wilzy«skiwhere ross setions are most sensitive to the fusion-barrier distribution.Our analysis has revealed that the alulated exitation funtions only veryweakly depend on the variation of the radius parameter r0. Therefore we�xed a value of r0 = RB=(A1=31 + A1=32 ) = 1:27 fm (that seemed to �t bestall the data), and arried out a systemati analysis of the whole set of databy varying only two parameters, B0 and �B .In Fig. 2 we present a ompilation of the dedued values of the meanbarrier B0 plotted as a funtion of the parameter z = Z1Z2=(A1=31 + A1=32 ).This dependene is very regular and an be approximated by a seond orderpolynomial funtion,B0 = 0:00136z2 + 0:78z + 4:2 MeV : (4)We would like to emphasize the fat that the parametrization establishedfor fusion reations (full irles in Fig. 2) holds also for apture data [18℄for very heavy systems (squares). Consequently, one an use Eq. (9) forreasonable preditions of the mean barrier heights for apture proesses innot yet studied reations.
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0 50 100 150 200 250Fig. 2. Systematis of the mean barrier parameter B0 dedued from analysis ofabout 50 published fusion and apture exitation funtions. Results for apturereations [18℄ are indiated by di�erent symbols (squares). Solid line representsparametrization given by Eq. (4).



Can We Predit Capture and Fusion Exitation Funtions? 455Contrary to B0, the dispersion parameter �B does not behave so regu-larly. This is not surprising, regarding possible oupling to rotational andvibrational states in the fusing nulei, the mehanism that strongly in�u-enes e�etive barrier distributions in the oupled-hannels approah. Re-garding this, �B must depend not only on the �global� parameters, suh asZ and A of the fusing nulei, but also on their strutural harateristis.In Fig. 3 (left) we present all the dedued values of �B plotted as funtionof the mean barrier B0. Undoubtedly, there is a orrelation between thesetwo quantities: �B systematially inreases with inreasing B0. However,points in Fig. 3 (left panel) are onsiderably sattered suggesting signi�antin�uene of nulear struture e�ets. Muh better orrelation is obtained in
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B0 - Badiabatic (MeV)Fig. 3. Systematis of the barrier dispersion parameter �B dedued from analysisof about 50 published fusion and apture exitation funtions. Results for apturereations [18℄ are indiated by di�erent symbols (squares). See text.the right panel of Fig. 3 where �B is plotted as a funtion of the exess ofB0 above the adiabati fusion barrier Badiabati, alulated as in Ref. [19℄.The adiabati barriers depend on the fusion Q-value and show lose orrela-tion with fusion energy thresholds [19℄ in measured exitation funtions. Byusing the orrelation between �B and (B0 � Badiabati), we an aount, tosome extent, for nulear struture e�ets in individual values of �B. FromFig. 3 (right panel) we read the following relation:�B = 0:22(B0 �Badiabati) + 0:7 MeV (5)that well approximates the observed orrelation.
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