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STUDY OF DEEP SUBBARRIER REACTIONS ON A Pb TARGET

B.1.Pustylnik, L.Calabretta*, M.G.Itkis, E.M.Kozulin, Yu.Ts.Oganessian,
A.G.Popeko, R.N.Sagaidak, A.V.Yeremin, S.P.Tretyakova

The fission and evaporation cross section of a 21y compound nucleus has been measured

in the reaction %0 +2®Pb up to 15 MeV below the fusion barrier, deeply in the subbarrier
energy region, which made it possible to analyse cross sections by 8 orders of magnitude lower
than the geometrical cross section of heavy ion interaction with nuclei.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions, JINR.

H3yueHne ITy0OKOHEYNPYTHX pPeaKLMit HA CBUHIIOBOH MMIIEHH

b.H.ITycmoinsnux u op.

Ceuenus QeeHHS H MCTIAPHTENbHEIX PeakUuil GLUTM U3MEPEHHl B PeaKLHUH 160 4+ 208py, 5
nrySoxononbapsepHoit 06nacTH HEPrHit, BIVIOTS X0 3HepruH 15 MaB Huxe Gaprepa crusHus
S1ep, 4TO AWI0 BOSMOXHOCTh WIS aHATH3a CeueHHil Ha 8 MOpSIKOB BETMYHHBI MCHBMLIE, YeM
TeOMETPHYECKOE CEYCHHE B3aHMONEHCTBHA AEp.

Pabota semonnena B JlaGoparopuu saepubix peaxnuii uM. I.H.®neposa OUSIH.

1. Introduction and Experiment

In the present work the fission and evaporation cross section of a 2247 compound

nucleus has been measured in the reaction 60 +2%pp up to 15 MeV below the fusion
barrier, deeply in the subbarrier energy region, which made it possible to analyse cross
sections by 8 orders of magnitude lower than the geometrical cross section of heavy ion
interaction with nuclei. The fission experiment has been carried out at the beam of the
tandem accelerator (NFIN, Catania, Italy). Single fission fragments were detected in the
backward angular range of 90-164° and 198-270° by using mica dielectric detectors with

an area of 170 cm? [1]. Evaporation excitation functions have been measured for xn-, pxn-,

and oun-decay channels of the compound nuclei 22*Th produced at the beam of the U-400
cyclotron (FLNR, JINR, Dubna). Products of complete fusion reactions were separated
from the bombarding ions and products of transfer and deep inelastic reactions with the aid
of the kinematic separator VASSILISSA. Recoil nuclei and their o-decay were observed by
means of a detector system installed in the separator focal plane. It consists of a pair of
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large-area time-of-flight detectors and a silicon detector array consisting of eight inde-
pendent strips with the energy resolution of 30 keV for a-particles in the energy range of
5-9 MeV [2].

A great body of experimental data was recently obtained on subbarrier fusion cross
sections, however, in all these investigations fusion-fission and fusion-evaporation cross
sections are obtained within a wide high-energy range, while in the subbarrier region there
are only several points, where the energy is below the barrier by 1-8 MeV. In addition,
recently some works have been published, where the cross sections of evaporation reactions
differ by one order of magnitude, see [3] and references therein. Our interest in the study
of such deep subbarrier interaction is connected not only with a possibility of investigating
the fusion cross section and discussing the mechanism of subbarrier reactions enhancement
in the case of spherical nuclei interaction, but also with a possibility of investigating
structural effects in different fission modes of compound nuclei, produced in reactions with
heavy ions. Earlier this type of investigations has been carried out only in reactions with
light charged particles [4].

2. Experimental Results and Discussion

The estimation of the fission and evaporation cross section necessarily involves both
the details of the compound nucleus formation process and relative competition between

fission and other modes in a 22*Th
compound nucleus decay process.
Calculations of the fusion cross
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sharper and at an energy of E' =72.5 MeV are by nearly an order of magnitude lower than
the experimental value of fusion cross section, whereas taking into account the channel
coupling or zero-point vibrations leads to the increase of the cross section.

To analyse the fission and evaporation cross sections, we used a statistical model of the
deexcitation process of compound nuclei which, for the sake of universality, uses the
minimum number of physical assumptions and parameters [5]. It is shown that the
evaporation reaction cross sections are well described in the framework of the statistical
model taking into account shell effects according to Ignatyuk and it is also shown that such
calculations, making use of only one set of model parameters, namely, the scaling factor to
the liquid-drop barrier ofAColl\len, Plasil and Swiatecki C=0.65+ 0.7 and the ratio of the
level density. parameters af/ a, = 1.0, correctly describe the cross sections of evaporation

reactions in a wide range of compound nuclei up to superheavy elements. In this work the
dependence of the nuclear mass shell correction on the energy in the level density parameter
and the fission barrier were introduced in calculations [6], C=0.67, Bj(l=0)=5.9 MeV,

respectively, and I =15.

Figure 2 presents the comparison of the experimental data cross sections O,
I L, and S,,+0; with the results of calculations. The energy scale is
presented as a difference between the excitation energy and Bass-barrier excitation energy
E" - E" (Bass). One can see from the figure that in spite of a wide range of cross sections
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variations, the calculations reproduce well enough both the relative and absolute values of
the cross sections. In the interval of excitation energies of 20-30 MeV, the contributions of
the two fission chances to the total cross section are approximately equal, which has to be
taken into account in the analysis of different characteristics of the fission process. It should
be noted that our experimental values of evaporation cross sections differ by an order of
magnitude from the data obtained in [3], but agree with the results of earlier work [7].

And finally, the study of deep subbarrier reactions using a Pb target is of special
interest, since they form the basis for the synthesis of superheavy elements in cold fusion

reactions [8]. Figure 3 presents the experimental fusion cross sections with ions of 160 and

much heavier ions of >°Ti, >®Fe, and ®Ni (solid lines are drawn through experimental
points) [8], and one can see that for the nuclei under consirderation there are no substantial
changes of the fusion reaction threshold, despite the substantial growth of the Coulomb

forces (from %0 to ®Ni). This is a good reason to think that additional extra-extra push
energy has not been observed.

This work is supported in part by the Russian Fund of the Fundamental Investigation
(Grants N0.96-02-17743a and No0.96-02-17209).
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