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A omparative study of hot and old fusion reationsusing 206Pb+48Ca as an exampleNiyti1� and Raj K. Gupta21Department of Physis, Maharishi Markandeshwar University, Ambala, Haryana-134007, INDIA and2Deptartment of Physis, Panjab University, Chandigarh-160014, INDIAIntrodutionThe synthesis of superheavy nulei (Z>100)has been of fundamental interest for nulearphysiists sine 1940s. The method being su-essfully used for the synthesis of superheavyelements is that of omplete fusion reations,whih are lassi�ed as old fusion and hot fu-sion reations. Theoretially, \old fusion" re-ations orrespond to lowest interation bar-riers and largest interation radii, i.e., of non-ompat, elongated nulear shapes, with exi-tation energy of the ompound nuleus formedlying between 10-20 MeV. At exitation ener-gies of 10-20 MeV, 1-2 neutrons are emittedfrom the ompound nuleus. Cold synthesisof superheavy elements (SHEs) was �rst pro-posed theoretially by Greiner, Gupta and ol-laborators at Frankfurt [1℄, as early as in 1974-75, on the basis of Quantum Mehanial Frag-mentation Theory. They suggested the use ofold ompound systems that were formed forall target-projetiles systems that lie at thebottom of the potential energy minima. Ex-perimentally, however, it beame possible toidentify the true signatures of old fusion phe-nomenon only in late 1990's. On the otherhand, for hot fusion reations, the ompoundnuleus exitation energy is around 30-35MeVand for the very hot fusion reations it is 40-50MeV. Compound nuleus de-exites with theemission of 3-4 neutrons for hot and �4 forvery hot fusion reations.In the present work, we hoose to apply ouronsiderations to 206Pb+48Ca reation whereindividual light partile deay hannels �xn,x=1,2,3,4 neutrons are measured in a Dubna�Eletroni address: sharmaniyti�gmail.om

experiment [2℄ at various exitation energiesE�, overing hot and old fusion reations.We make a omparative study of the hot andold fusion reations, using the above said re-ation as a tool and analyze it on the basis ofthe Dynamial Cluster-deay Model (DCM)of Gupta and ollaborators (see, e.g., [3℄ andearlier referenes therein), where the e�ets ofdeformations upto hexadeupole (�2-�4) andompat orientations � are inluded.The modelIn DCM, the ompound nuleus deayross-setion in terms of partial waves is� = �k2 `maxX̀=0 (2`+1)P0P ; k =r2�Em~2 (1)where, � = [ALAH=(AL + AH)℄m is the re-dued mass and E:m:, the enter of mass en-ergy, and `max, the maximum angular momen-tum for the light partiles (LPs) ross-setion�LPs !0. The preformation probability P0 isthe solution of stationary Shr�odinger equa-tion in � = (AH � AL=(AH + AL), suh thatP0(Ai) /j  (�(Ai)) j2. It ontains the stru-ture information of the ompound nuleus viathe fragmentation potential,V (R; �; T ) = 2Xi=1 hVLDM (Ai; Zi; T )i+ 2Xi=1 hÆUiiexp(� T 2T02 ) + VC(R;Zi; ��i; �i; T )+VP (R;Ai; ��i; �i; T ) + V`(R;Ai; ��i; �i; T )(2)used in stationary Shr�odinger equation.Here, VLDM is the T-dependent liquiddrop energy [4℄ and ÆU , the "empirial"
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FIG. 1: Channel ross setions �xn, x=2,3,4, for254102�, plotted as a funtion of `. The ut-o�point is �xn <10�35 pb, limiting the `max =140 ~.shell orretions [5℄, also taken T-dependent.The T-, ��i� and �i-dependent proximityVP , Coulomb VC and angular momentum-dependent potential Vl are given [6℄ asVP (s0(T )) = 4� �R(T )b(T )�(s0(T )) (3)VC = Z1Z2e2R + 3Z1Z2e2 X�;i=1;2 R�i (�i; T )(2�+ 1)R�+1�Y (0)� (�i)h��i + 47�2�iY (0)� (�i)i; (4)Vl = ~2`(`+ 1)2Is : (5)with the shortest distane s0 giving ompat�i. P in Eq. (2) is the WKB integral, with�rst turning point Ra(�; T ) = R1 + R2 +�R(T ); Ri are radius vetors of the two nu-lei and �R(T ), a parameter that assimilatesthe nek formation e�ets, onstant for all thefragments at a given exitation energy.Calulations and ResultsWe onsider the hot fusion reation206Pb+48Ca at E�=40 MeV, where data for

Table 1: Comparison of experimental andalulated hannel ross-setion with �tted �RNo. of Cross-setion (nb)neutrons Experimental Calulated �Remitted (fm)2n 1:52+0:43�0:34 1:59 1:5983n 1:70+0:25�0:25 1:63 1:9334n 0:11+0:12�0:07 0:098 1:3342n, 3n and 4n emision is obtained [2℄. Fig. 1shows our DCM alulated hannel ross se-tions for 2n, 3n and 4n emissions from 254102�,plotted as a funtion of `. Apparently, theross setion is negligible (�xn <10�35) for` >140 ~. Table1 shows the omparison be-tween the experimental and theoretial han-nel ross-setions and the values of �tted pa-rameter �R. We observe from Fig. 1 thatthe behavior of 4n emission is di�erent fromthat of 2n and 3n. The 4n emission startsearly sine even the lowest `=0 ontributesto the roos-setion. However, Table 1 showsthat �R for 4n emission is the smallest, whihmeans that the reation time is the largest.The larger �R values for 2n and 3n suggestthat these emissions start early, but 4n emis-sion lasts longer, though with a smaller ross-setion. In fat, only 4n emission should betreated as a hot proess sine 2n and 3n emis-sions are old proesses. The DCM alula-tions treating 206Pb+48Ca as a old fusion re-ation are underway and ould result in aninteresting omparison.Referenes[1℄ R.K. Gupta, et al., Phys. Rev. Lett. 35,353 (1975); Phys. Lett. 67 B, 257 (1977).[2℄ Yu.Ts. Oganessian, et al., Phys. Rev. C64, 054606 (2001).[3℄ Niyti, et al., J. Phys. G: Nul.Part. Phys.37, 115103 (2010).[4℄ N.J. Davidson, et al., Nul. Phys. A 570,61 (1994).[5℄ W. Myers and W.J. Swiateki, Nul. Phys.81, 1 (1966).[6℄ R.K. Gupta, N. Singh, and M. Manhas,Phy. Rev. C 70, 034608 (2004).


