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II-1. Nuclear Physics

Study of barrier distribution in the reaction *Ca,’°Ti4+2%Pb and
BCa+248Cm at RIKEN-GARIS
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In order to study the nucleus-nucleus interaction for
the synthesis of superheavy elements,”) we measured
excitation functions for the quasielastic scattering of
48Ca,?0Ti+2%Pb and *¥Ca+2*8Cm. The quasielastic
scattering events were clearly separated from back-
ground events by using the gas-fillled recoil ion sep-
arator GARIS and guided to focal-plane detectors.

The barrier distributions were derived by taking the
first energy derivative of the excitation function. The
experimental results were well reproduced by coupled-
channel calculations?) taking account of vibrational
and/or rotational excitations of nuclei and neutron
transfer before the capture process (Figs. 1 and 2).

The centroids of the barrier distributions are shown
to coincide with the peak of evaporation residue cross
sections for the reaction 48Ca,9Ti+208Ph.3 6) This im-
plies that, for these Pb-based cold fusion reactions, the
peak of the cross section is in good agreement with that
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Fig. 1. Measured excitation functions of quasielastic scat-
tering cross section relative to Rutherford cross section
(upper panels) and the barrier distributions (middle
panels). The lower panels show the evaporation residue
cross sections for these reactions.
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of the barrier distributions after one takes into account
several experimental conditions such as measured en-
ergy step, which is typically 2.0 MeV, and energy cov-
erage region, which is typically 1.0 MeV, of the target
thickness.

In contrast, for the hot fusion reaction 48Ca+24¥Cm,
the peak of the cross section”® is shifted to the above
barrier region. The barrier distribution of the above
barrier region corresponds to side-by-side collision. In
the compound nucleus (CN) formation process, the
probability of CN formation is increased by side-by-
side collision because the probability depends on the
distance to the center of nuclei. It is therefore im-
portant to combine the barrier distribution study with
studies on quasi-fission and evaporation processes in
order to predict the optimum incident energy for a
search of undiscovered superheavy elements by the hot
fusion reaction.
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Fig. 2. Left side banels show same as Fig. 1. Right side
panels show the explanation of Side-by-side collision.

References

1) S. Mitsuoka et al., Phys. Rev. Lett. 99, 182701 (2007).

2) K. Hagino et al., Comput. Phys. Commun. 123, 143
(1999).

3) A. V. Belozerov et al., Eur. Phys. J. A 16, 447 (2003).

4) H. W. Gaggeler et al., Nucl. Phys. A 502c, 561 (1989).

5) Yu. Ts. Oganessian et al., Phys. Rev. C 64, 054606
(2001).

6) F. P. Helberger et al., Eur. Phys. J. A 16, 57 (2001).

7) S. Hofmann et al., Eur. Phys. J. A 48, 62 (2012).

8) Yu. Ts. Oganessian et al., Phys. Rev. C 70, 064609
(2004).





