Measurement of ground-state and isomeric-state ratio in nuclei produced in
multinucleon transfer reactions using JAEA Recoil Mass Separator
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Multinucleon Transfer reaction

Multinucleon transfer (MNT) reaction has attracted interest in the field of superheavy-elements and

astrophysical nucleosynthesis because they can produce neutron-rich nuclei.
For example, the 238U+248Cm reaction can produce neutron-rich isotopes of superheavy elements close

to the beta stability line.
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Goal : Understanding the mechanism of MNT reaction
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Process of forming superheavy elements in MNT reactions consists of two parts
(1) Produce compound nucleus (CN) with excited states
(2) The CN must survive in competition with fission, to form evaporation residues(ERS)

Production rate of ERs depends on Excitation energy of CN, Spin distribution of CN
%

We aim to derive Excitation energy distribution and Spin distribution from the measurement of
evaporation residue.

As a first step, we choose the reaction 39Si + 20°Bj as the CN around 29°Bi do not fission in the deexcitation
process, we can focus on the process (1).




Recoil angle measurement
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Fusion reactions recoils out the ERs to the beam direction,
whereas in the MNT reaction, nuclei are ejected at a
certain angle 6.

—In order to study MNT reactions, it is important to
measure anglar distribution of ERs.

We measure the cross sections of ERs produced in the
MNT reaction and their angular dependence using JAEA
Recoil Mass Separator at the JAEA tandem facility.




Recoil Mass Separator at JAEA Tandem
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Rotate RMS for investigation of MNT reaction

We can rotate RMS freely (0°~ +40°)
without breaking the vacuum of the target chamber.

e
40° rotation



[Setting parameter] Recoil Angle 6,..ii and Recoil Energy E ei
[Separation time] ~ 1 ps, useful to study isomeric state of neutron-rich nuclei

Experiment
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Place an MCP-based timing detector to distinguish
implant residual nuclei from alpha decay

1“47j.|g/cm2 on 1um-Al
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Low background measurement
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It was observed in the experiment that the background became smaller when recoil energy is smaller than
elastic recoils.



Particle Identification using alpha decay
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Experimental results %Squares represents Literature value 212At 9.5 212t isomer
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We performed measurements by varying the following conditions

1) Beam Energy: Ec.m.=0.95*Vou, 1.03*V oy, 1.10*V oy
2) RMS setting angle: Brms(Brecoit )= 0, 10, 20, 34deg
3) Recoil Energy setting: Eiecoi= 0~80 MeV



