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Super-heavy Elements : Spherical shells and Long-lived nuclides
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Measured Fission-Fragment Mass/Charge Yields
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Multli-nucleon transfer reactions and fission

In the multi-nucleon transfer (MNT) reactions:
(1) We can generate many nuclei depending on transfer channels.
(2) Excitation energy of compound nucleus distributes widely.
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(2) Fission fragment mass distributions.
(3) Fission fragment angular distributions.
(4) Prompt neutrons accompanied by fission.
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Experimental Setup
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Targets and Detectors

Target (%*°Cm) Silicon AE-E detector

~30-60 yg/cm?  AE =75 pm Position Sensitive
~ 2.0 mm Thickness fluctuation < 1 ym. 200 x 200 mm?



o

Particle Identification using AE—E Telescope
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Fission Probability and Fission Barrier Height
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Fission after neutron evaporation is called “Multi-chance fissions”



Fission Fragment Mass Distributions (FFMDs) obtained in 180 + 23’Np
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Fission data for 23 nuclides are obtained in one setup/experiment.



Benchmark of FFMDs

Excitation Energy
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p + 235U — 236Np* ‘15.8-16.8 MeV
—— Mulgin (2009) |

—— Ferguson (1973)

113.8-14.8 MeV

112.3-13.3 MeV

Good agreement with the literature data is found, -

confirming the validity of our method. 56*"80 100 120 140 160 180
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Excitation energy

Role of Multl-chance Fission on FFMDs

Mass of fissioning nuclei

Fragment mass (u)

K. Hirose et al., Phys. Rev. Lett. 119, 222501 (2017).
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Experimental Data in Comparison with Langevin Calculation
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Higher-order chance fissions are important for neutron-rich & lighter element isotopes



Summary

vl Multi-nucleon transfer reaction is a powerful too study fissions.

V1 Effects of multi-chance fission on fission fragment mass distributions
are discussed.

V1 We plan to measure the fission barrier data up to mendelevium (Md),
the element 101.
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