New ideas on the formation of heavy and superheavy
neutron rich nuclei

 Unexplored areas at the “north-east” part of the nuclear map

« Use of low-energy multi-nucleon transfer reactions
to fill the “blank spots” of the nuclear map

e« Summary

Valery Zagrebaev and Walter Greiner for DPG Spring Meeting, Bochum, March 16, 2009



“Blanc Spot” on the Nuclear Map
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We are still far from the stability line
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by 5 orders of magnitide
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A “gap” in the upper part of the Nuclear Map
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Abundance of elements in the Universe

The 11 Greatest Unanswered Questions of Physics
(National Research Council, NAS, USA, 2002):

1. What is dark matter?
2. What is dark energy?

3. How were the heavy elements from iron to uranium made?
4. Do neutrinos have mass?
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r-process of nucleosynthesis
and the neutron closed shell in the region of N ~ 126
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North-east part of the nuclear map
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Production on new heavy nuclei in the region of N=126
Zagrebaev and Greiner, PRL 2008
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proton transfer along the neutron closed shells:
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Reactions with Q = 0 are very favorable for proton transfer



Time-dependent Driving Potential
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System of coupled Langevin type Equations of Motion
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Comparison with experiment on multi-nucleon transfer

Lanscape of the potential energy
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Lanscape of the cross section
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Experiment: L. Corradi et al., 2002
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Production on new heavy nuclel in the region of N=126
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inthe Xe + Pb collisions

Zagrebaev and Greiner, PRL 2008
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Several tens of new neutron-rich nuclides
can be produced with cross section

higher than one microbarn in the
near-barrier collision of 136Xe with 208Pb
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Angular and energy distribution

136Xe+208Pb, 450 MeV (744 lab)
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Problem of identification of heavy neutron rich nuclei 1?
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How may we produce SHE at the stability line ?

“hot” fusion
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o Shell effects
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number of protons

238U + 248Cm. Primary fragments

120k PBU+28Cm, E,, = 780 MeV
primary fragments i
i
i B G
_Tif,‘j_ ;“pm“[:_. J Y
4 S
100 H s
- ‘ . ‘ L+ ; /ﬁ"— AE
iRHs, o7 L araneias
80

number of neutrons
| | | | |

|
140 160 180



cross section ( mb/unit )
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Production of neutron-rich SHE
In low-energy collisions of heavy actinide nuclei

*f exp.: Schadel et al, 1982
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potential energy at contact ( MeV )
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Summary

A new method is proposed for synthesis of unknown heavy neutron-rich
nuclei located at the “north-east” part of the nuclear map.

This unexplored area of the nuclear map can be filled neither in fusion-
fission reactions nor in fragmentation processes.

The low-energy multi-nucleon transfer reactions can be used for the
production of heavy and superheavy neutron-rich nuclei.

Several tens of new neutron-rich isotopes of the elements with Z =70 - 80
(also those located along the closed neutron shell N = 126, last waiting
point in the r-process of nucleosynthesis) may be produced in the collision
of 136Xe with 2%8Pb with cross sections higher than one microbarn.



