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INFLUENCE OF NUCLEAR CURVATUREON FISSION DYNAMICS� ��Christelle Shmitt, Johann BartelInstitut de Reherhes Subatomique, ULP and IN2P3/CNRS67037 Strasbourg, FraneAgnieszka Surowie and Krzysztof PomorskiInstitute of Physis, M. Curie-Skªodowska UniversityRadziszewskiego 10, 20-031 Lublin, Polska(Reeived Deember 3, 2001)The dynamial evolution of an exited, rotating and deformed nuleusis desribed by solving the Langevin equation in a one or multi-dimensionaldeformation spae investigating in partiular the �ssion hannel in oini-dene with the emission of light partiles. The in�uene of urvature termsin the used mass formula on �ssion dynamis and multipliities of emittedlight partiles is studied over a large range of nulear masses.PACS numbers: 24.60.Dr, 24.60.�k, 24.10.Lx, 24.75.+i1. IntrodutionThe model whih we developed deals with light partile evaporation(n, p, �) in onjuntion with the �ssion proess. In a �rst step [1,2℄ we re-strited the desription to highly exited nulei where symmetri �ssion dom-inates. The dynamial evolution of the ompound nuleus from its ratherompat initial state to its elongated sission on�guration is then desribedby a single olletive oordinate q related to nulear elongation and whihis assumed to follow a stohasti equation of motion of the Langevin type:� Presented at the XXVII Mazurian Lakes Shool of Physis, Krzy»e, Poland,September 2�9, 2001.�� This work has been partly supported by the Polish State Committee for Sienti�Researh (KBN) under ontrat no. 2P03B 11519, by the Program of Sienti� Ex-hange between the IN2P3, Frane and the Polish State Committee for Sienti�Researh (KBN) � no. 99-95, and by the POLONIUM agreement no. 01704UG(431)



432 Ch. Shmitt et al.8<: dqdt = pM(q) ;dpdt = 12 � pM(q)�2 dM(q)dq � dV (q)dq � (q)M(q)p+ FL(t) :Taking at the same time partile evaporation into aount, this dynami-al equation is oupled to the equation governing partile emission in theframework of the Weisskopf evaporation theory [3℄. Finally, our results areobtained by a weighting proedure with the fusion��ssion ross setion ofthe reation. A detailed desription of the model is given in Refs. [1,2℄.Until now, we used a olletive potential V (q) obtained in the Myers��wi¡teki Liquid Drop model (MS-LD) [4℄, whih ontains volume, surfaeand Coulomb terms. The Liquid Drop (LD) parameters of the MS-LD weredetermined by a �t to nulear masses. But, as is well known, this parametri-sation overestimates the �ssion barrier heights of light nulei. The agreementbetween theory and experiment for pre�ssion partile multipliity was, how-ever, rather satisfatory over a wide range of nulear masses [2℄.In the ase of light nulei, one an, however, expet a non negligiblein�uene of nulear urvature along the �ssion proess. In order to investi-gate this e�et, K. Pomorski and J. Dudek inluded �rst and seond orderurvature terms in the LD formula and, taking into aount the most reentexperimental data, proposed a new set of the LD parameters. This moreelaborated version of the MS-LD model, whih we will refer to the Lublin�Strasbourg Drop model (LSD), gives rise to a better reprodution of massesand barrier heights [5℄, whih make us interested to investigate the in�u-ene on �ssion dynamis of the new urvature terms in the potential energysurfae alulations.2. In�uene of nulear urvature on emission probabilitiesLet us onsider the probability of emitting a given partile (n, p or �)from an exited and rotating nuleus, and disuss emission widths as a fun-tion of nulear deformation with and without urvature terms in the LDparametrisation. In Fig. 1 we onsider the nuleus 188Pt at two di�erent ex-itation energies. Obviously, the emission probability inreases with elonga-tion, whih is quite logial sine a larger deformation orresponds to a largersurfae through whih transmission an our. More interesting is the fatthat emission rates present a strong dependene on the new urvature termsin the framework of the Weisskopf evaporation theory. Atually, takinginto aount nulear urvature leads to a slightly di�erent level densityparameter a whih an be written in the following form:
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Fig. 1. Neutron, proton and � partile emission widths �n, �p, �� as a funtion ofnulear elongation q=R12=R0 for the ompound nuleus 188Pt at an angular mo-mentum L=60~ and an exitation energy E�=60MeV (left side) and E�=100MeV(right side).
a(Z;N; q) = av �1 + �vI2�A+ as �1 + �sI2�A2=3Bs(q)+ aur �1 + �urI2�A1=3Bur(q) + aurG �1 + �urGI2�A0+ aoulZ2A�1=3Boul(q) :The values of the parameters de�ning a are summarised in Table I. Due tothe exponential dependene of the total level density on the level densityparameter a, even a small hange on a aused by the inlusion of urvatureterms an give rise to non negligible hanges in the emission rates the Weis-skopf evaporation model. So, inluding urvature terms leads to a higherwidth for harged partiles, whereas, for neutrons, the details of this be-haviour depend on the exitation energy and the onsidered nuleus.



434 Ch. Shmitt et al. TABLE IConstants de�ning the level density parameter a for the new LSD model using thetemperature dependene of LD parameters obtained by of Guet et al., [6℄.103av 103as 103aur 103aurG 103aoul �v �s �ur �urG52:3 106:08 �44:63 �249:08 0:5468 0:6224 7:891 0:0 0:03. In�uene of urvature on the �ssion barrier heightsThe inlusion of urvature terms in the LD formula leads to a dereaseof the �ssion barrier height, what implies a derease of the ritial angularmomentum of the system for whih the barrier disappears. In Fig. 2 wepresent the deformation energy up to the sission on�guration for the nu-leus 188Pt at an exitation energy E�=100 MeV. A barrier height of the or-der of 0:4MeV is obtained for an angular momentum L = 68~ in the MS-LDmodel, whereas the same barrier height is obtained already at L = 58~in the LSD parametrisation. Nevertheless, one noties that taking nulearurvature into aount pratially does not hange the slope of the �ssionbarrier. MS-LD LSDL = 68~ L = 58~
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Fig. 2. Mean symmetri �ssion path for the ompound nuleus 188Pt at an exita-tion energy E� = 100 MeV and a �ssion barrier height UB � 0:4 MeV.4. In�uene of urvature on pre�ssion partile multipliitiesLet us �rst onsider di�erent entrane hannels produing the ompoundnuleus 188Pt. In Table II we summarise the neutron, proton and � parti-le pre�ssion multipliities obtained using the two LD parametrisations inomparison with the available experimental data.



In�uene of Nulear Curvature on Fission Dynamis 435TABLE IILight partile pre�ssion multipliities for di�erent reations leading to the om-pound nuleus 188Pt. MS-LD LSD exp.34S +154 Sm �!188 Pt E� = 66:5 MeVMn 1:75 2:29 2:50� 0:7Mp 0:00 0:00 �M� 0:00 0:07 �16O+172 Yb �!188 Pt E� = 99:7 MeVMn 4:65 4:52 5:4� 0:7Mp 0:01 0:05 �M� 0:03 0:32 �34S +154 Sm �!188 Pt E� = 100:0 MeVMn 4:48 4:44 4:5� 0:7Mp 0:01 0:05 �M� 0:05 0:34 �Beause of larger harged partile emission widths in the model on-taining urvature terms, the orresponding pre�ssion multipliities are alsolarger for the LSD parametrisation. Moreover, the derease of the angularmomenta under onsideration using the LSD model leads to di�erent en-trifugal fores what an also have a substantial e�et on partile emission.In the ase of neutrons, one noties a smaller e�et of urvature terms athigher than at lower energy. As seen in Fig. 1, neutron emission rates aresmaller at E� = 100 MeV with urvature terms than without and this al-most whatever the deformation. On the other hand, onsidering the mean�ssion path shown in Fig. 2, we an see that its length �q from ground stateto the sission point is a little longer (�q = 1:24) in the LSD than in theMS-LD (�q = 1:20) model whih implies a larger �ssion time and, onse-quently, more time for emitting partiles. The larger emission probability inthe MS-LD piture but the shorter �ssion time seem to ompensate, so thatone �nally obtains about the same number of emitted neutrons. At lowerexitation energy, it looks like if urvature terms favour neutron emission.In fat, omparing neutron emission widths around this energy (Fig. 1), wenotie that they are larger in the MS-LD model for smaller deformationsand larger in the LSD one for more deformed shapes. Consequently, dueto this emission at large elongation, one expets a larger neutron pre�ssionmultipliity in the LSD parametrisation. In any ase, the theoretial resultsfor neutrons are in quite reasonable agreement with the experimental data:



436 Ch. Shmitt et al.the in�uene of urvature terms seems to be small. The same investigationwas done for the ompound nuleus 160Yb and similar onlusions an bedrawn.Let us now onsider the lighter ompound nuleus 126Ba: theoretial andexperimental neutron results are summarised in Table III for di�erent en-trane hannels. One observes a larger di�erene in the preditions of the twomodels (as ompared with heavier nulei) and a better agreement with ex-periment with the LSD parametrisation. As lighter nulei an exhibit alongtheir path to �ssion more elongated and nek-in shapes, suh a behaviour isnot really astonishing. TABLE IIINeutron pre�ssion multipliities for di�erent reations leading to the ompoundnuleus 126Ba. E� (MeV) MS-LD LSD exp.28Si +98 Mo �!126Ba 131:7 1:50 2:48 2:52� 0:1228Si +98 Mo �!126Ba 118:5 1:32 2:02 2:01� 0:1328Si +98 Mo �!126Ba 101:4 0:38 1:36 1:32� 0:0919F +107 Ag �!126Ba 118:5 1:32 2:08 1:85� 0:1119F +107 Ag �!126Ba 101:5 1:00 1:23 1:31� 0:17
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Fig. 3. Neutron pre�ssion multipliity as a funtion of exitation energy of thesystem for several isotopes of the element Z = 110.



In�uene of Nulear Curvature on Fission Dynamis 437Finally, we studied the ase of some super heavy elements. In Fig. 3 we pre-sent experimental and theoretial neutron pre�ssion multipliities for di�er-ent isotopes of the element Z=110. One an onlude for these nulei on therather small in�uene of nulear urvature, whih ould have been expetedkeeping in mind that heavy nulei �ssion at rather ompat deformations.5. ConlusionInluding urvature in the LD model leads to a better reprodution ofnulear masses and �ssion barrier heights. Our study showed the rathersmall in�uene of urvature terms on �ssion barrier slopes and neutron pre-�ssion multipliities in the ase of heavy and super heavy nulei, justifying,a posteriori, our preditions on pre�ssion multipliities evaluated using theMS-LD model. We, however, also showed that nulear urvature an playan important role in lighter nulei whih improves our theoretial desrip-tion of �ssion dynamis inluding light partile emission. One importantresult of our study onsists in the strong dependene on urvature termsof emission widths for harged partiles. Unfortunatly, very few experi-mental data are presently available for harged partile multipliities. Asthese measurements seem to onstitute a very severe test of our struture-dynamis-evaporation model, we would like to strongly enourage our friendsexperimentalists to investigate the emission of harged partiles in oini-dene with the �ssion proess.REFERENCES[1℄ K. Pomorski, J. Bartel, J. Rihert, K. Dietrih, Nul. Phys. A605, 87 (1996).[2℄ K. Pomorski, B. Nerlo-Pomorska, A. Surowie, M. Kowal, J. Bartel, K. Diet-rih, J. Rihert, C. Shmitt, B. Benoit, E. de Goes Brennand, L. Donadille,C. Badimon, Nul. Phys. A679, 25 (2000).[3℄ V. Weisskopf, Phys. Rev. 52, 295 (1937).[4℄ W.D. Myers, W.J. �wi¡teki, Ark. Phys. 36, 343 (1967).[5℄ K. Pomorski, J. Dudek, submitted to Phys. Rev. C.[6℄ C. Guet, E. Strumberger, M. Brak, Phys. Lett. B205, 427 (1988).


