
Consistent desription of near-sission �-partile emission inlow energy and heavy-ion �ssion via trajetory alulationsY. K. Gupta,� S. V. Suryanarayana, R. K. Choudhury,D. C. Biswas, L. S. Danu, and B. V. JohnNulear Physis Division, Bhabha Atomi Researh Centre, Mumbai - 400085, INDIAIntrodutionThe �-partile emission near the sissionpoint, termed as near-sission-emission (NSE),is a very sensitive probe to gain informationabout the sission on�guration [1℄. These �partiles exhibit harateristi energy and an-gular distributions orresponding to strong fo-using of the partiles by the Coulomb �eld ofthe nasent �ssion fragments (FFs). Experi-mentally, the energy and angular distributionsof the FFs and the �-partile, are measured.The sission point parameters (SPPs) are ob-tained from the data using trajetory alula-tions [2, 3℄. The trejetory alulations havebeen arried out earlier by many authors, butno unique set of SPPs ould be obtained [2, 3℄.Systemati determination of the SPPs in a wideenergy regime from low energy �ssion (ther-mal neutron-indued and spontaneous �ssion)to heavy-ion �ssion may shed light on the nu-lear visosity whih is a topi of muh urrentresearh interest.In our reent work on NSE [1℄, it is seenfrom the yield onsideration that in heavy-ion�ssion the near sission � partiles are due tostatistial emission proess in ontrast to low en-ergy �ssion where it is a pure dynamial proess[1℄. It would be interesting to investigate thishangeover in NSE mehanism from the onsid-eration of the the peak value of the energy dis-tribution, �p of the � partiles. In low energy�ssion, �p is onstant within 15 to 16 MeV asshown in the Fig. 1(a) whih is onsistent withthe dynamial nature. However, in heavy-ion in-dued �ssion for di�erent systems it is bunhedinto two groups as shown in the Fig. 1(b). For�Eletroni address: ykgupta�bar.gov.in
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FIG. 1: The peak energy (�p) of NSE � partiles as afuntion of Z2=A from low energy �ssion in (a) andall available data of heavy-ion �ssion in (b) takenform Ref. [1℄.Z2=A <37, the �p values are around 15 MeV,whereas for Z2=A >37 it is around 20 MeV. Thishange in �p values in two mass regions may bedue to the hange in saddle point shapes, as seenfrom Rotating Liquid Drop Model (RLDM) al-ulations. The trajetory alulations are ex-peted to play a ruial role in understandingthe heavy-ion �ssion data of �p.Trajetory CalulationsThe �-partile trajetory alulations are per-formed in the same line as taken in earlier works[2, 3℄. The two FFs and the �-partile are takenas point harges and the trajetories are alu-lated in the two dimension. With only Coulombfores between the harges, the Newton's equa-tion of motion are solved numerially. For adesription of the sission on�guration in low
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FIG. 3: The �nal �-partile energy distributions ob-tained from the Monte-Carlo trajetory alulationtypially for three systems.energy �ssion, we hoose following six initialparameters as depited in Fig. 2: the inter-fragment distane D, the heavy FF veloity VH(the orresponding light fragment veloity be-ing �xed by the momentum onservation), the�-partile position with respet to heavy FF (Xoand Yo), the initial energy (EÆ�) and the angle ofemission (�Æ) with respet to the light FF. In theFig. 2, the point M orrespond to the minimumpotential energy in the X-diretion.First, we investigated the dependene of the�nal energy (E�) on initial free parameters forspontaneous �ssion of 252Cf. Obtained resultswere seen to be onsistent with alulation ofBoneh et al. [3℄.In order to determine the sission point pa-rameters (SPPs) for the low energy �ssion,Monte-Carlo trajetory alulations are per-formed for various �ssioing nulei. The binarymass distributions are provided as the inputtaken from evaluated data library JEFF-3.1.1

[4℄. The initial energy distribution of the ternary�-partile is assumed to be of Gaussian shapewith ertain peak value (�Æp) and the width (�Æ� ).The Monte-Carlo alulations with 106 No. ofevents are performed for various set of initialonditions. It is seen that for �Æp =3 MeV, �Æ�=1 MeV, VH= 0.4�109 m/s, the peak values ofthe energy distributions for di�erent low energy�ssioning nulei lie in a narrow range of 15 to 16MeV whih is onsistent with the experimentalobservations. The other initial parameters usedin these alulations are as following; D= 26 fm,Xo orresponding to the point M of Fig. 2, Yo= 0, and �Æ=90Æ. Typial energy distributionsfor three systems are shown in Fig. 3. From thispreliminary alulation it appears that with in-reasing mass of the �ssioning nuleus, the valueof VH remains onstant. Therefore, it an beinferred that the presission kineti energy ofthe FFs inreases with Z2=A whih is onsistentwith the two-body visosity [5℄.However, above set of initial parameters re-produes the experimental peak value (�p) forlow energy �ssion, still it is not a unique set ofSPPs. In order to get the unique set of SPPs, thereprodution of the �nal fragment kineti ener-gies, in both binary as well as ternary �ssion, isalso needed to be onsidered. One we get theSPPs for low energy �ssion, for whih experi-mental data shows a systemati behavior, it willpave the way for the heavy-ion �ssion where ex-perimental data for the peak energy are bunhedinto two groups.Detailed Monte Carlo trajetory alulationswill be presented.Referenes[1℄ Y. K. Gupta et al., Phy. Rev. C 84,031603(R)(2011).[2℄ R. K. Choudhury, et al., Phy. Rev. C 18,2213(1978).[3℄ Y. Boneh, et al., Phy. Rev. 156, 1305(1967).[4℄ M. Kellett et al:, JEFF Report 20, NEAN6287 (OECD, 2009).[5℄ J. Bloki, et al., Anns. Phys. Fr. 113,330(1978).
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