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Nuclear Chart and Stability of Nuclei

Go to Hokkaido !
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 What RI nuclei  (Target or Projectile) should be used ?



Oganessian 

48Ca + 244Pu  → 292Fl stable nuclei

WEST



Cold fusion reaction  Hot fusion reaction
1994

110  Ds    62Ni + 208Pb   → 269110 + n      (GSI)

  111  Rg    64Ni + 209Bi    → 272111 + n      (GSI)

1996

  112  Cn  70Zn + 208Pb  → 277112 + n  (GSI)  named in Feb. 2010

1999                                                              

  114  Fl    48Ca + 244Pu  → 289114 + 3n    (FLNR)   named in May. 2012  

2000

  116  Lv   48Ca + 248Cm → 292116 + 4n    (FLNR)   named in May. 2012

2002

  118  48Ca + 249Cf   → 294118 + 3n    (FLNR)

2003

  115  48Ca + 243Am → 288115 + 3n  → 284113 + α  (FLNR) 

2004

  113    70Zn + 209Bi   → 278113 + n     (RIKEN) 

2010

  117    48Ca + 249Bk  → 294,293117 + 3-4n (FLNR) 

Synthesis of  New Elements
Reports of new elements
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ease (or difficulty) of synthesis
208Pb,209Bi Targets＋heavy ion reaction

100 102 104 106 108 110 112 114

Atomic Number

1b

1nb

10nb

100nb

100pb

10pb

1pb

0.1pb

RIKEN

1 event per week

1 event per 10 week

1 event per day

7 events per day

3 events per hour

1 event per 2 year

1 event per minute

5 events per second

1 event per second

2012/12/25 12
2012 K. Morita
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Small neutron 

binding energy

approaching to 

Large shell energy

Using RI beams 

EAST
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Y. Aritomo, Phys. Rev. C 75, 024602 (2007)
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Coupled Channel Model
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1. Potential

2. Transport coefficient

3. Fusion box

1. Fission barrier height

2. Friction parameter

3. af/an

      etc.

1st

stage

2nd

stage

3rd

stage

Divide 

the  whole process

into three stages



1. Suppression of incident energy dissipation
ADVANTAGE using Nuclei with Strong Shell Structure

2. Use of the second pocket in fusion process 
ADVANTAGE using the Spherical Target

3. Rapid and many neutron emissions
             ADVANTAGE using RI beams

Advantages of Each Stage

1-stage

3-stage

2-stage

1-stage
3-stage
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Overview of Dynamical Process 

10

Time-evolution of nuclear shape

in fusion-fission process

1. Potential energy surface

2. Trajectory → described by 

                           equations



two-center parametrization                    

(Maruhn and Greiner, 

Z. Phys. 251(1972) 431)

),,( z

Nuclear shape

δ=0

(δ1=δ2)

Trajectory which enters 

into the spherical region

 = fusion trajectory

( , , )q z  



𝑉 𝑞, 𝑇 = 𝑉𝐿𝐷 𝑞 + 𝑉𝑆𝐻(𝑞, 𝑇)

Liquid drop model Liquid drop and 
Shell correction energy
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qi :   deformation coordinate （nuclear shape）
         two-center parametrization                    (Maruhn and Greiner, Z. Phys. 251(1972) 431)

pi :   momentum

mij : Hydrodynamical mass (inertia mass）
γij: Wall and Window (one-body) dissipation   （friction ）
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energy excitation :   energy, intrinsic : *

int EE

多次元ランジュバン方程式Multi-dimensional Langevin Equation

Newton equationFriction Random force

 dissipation    fluctuation
ordinary differential equation

Einstein relation Fluctuation-dissipation theorem
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Fusion box

Y. Aritomo, et al., Phys. Rev. C 85, 

044614 (2012)
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z   c.m distance z   c.m distance

48Ca + 208Pb → 256No → 

Ground state

Ground state

2nd pocket

To produce Th, Pu, Cf, No, Sg, Ds, Fl, Og

Gross tendency of the trajectories 

in fusion-fission process 
turning point 
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Z=90 ~118 compound nuclei

VLD

E*=50 MeV
α= 0.6            Mean trajectory

turning point 

VLD  mean trajectory
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1. Landing on the east side of Island of Stability

2. Deformed CN   Spherical nuclei as  RI-beam
                

3. Use of the second pocket in fusion process 

We need information 
          on the highly accurate properties of SHE in the neutron-rich region
                                                                                             Study of Nuclear Structure
       Shell correction energy
       Deformation of g.s.
       mass, neutron separation energy    → more accurate mass table for unknown region 
  
  

Summary and Conclusion 

ADVANTAGE using Nuclei with Strong Shell Structure, Spherical Target, RI beams

1. Suppression of incident energy dissipation

2. Use of the second pocket in fusion process 

3. Rapid and many neutron emissions
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Spherical CNDeformed CN
276114 292114

Y. Aritomo
Nucl. Phys. A 780
(2006) 222

Spherical 

target

Deformed 

target



N=190

About 3.5 order of 

magnitude increases

① Approaching to Island of Stability 
(large Vsh) 

Due to many neutron emissions
→ E* of CN  decreases

② Recovers of shell correction energy 
Vsh

Due to many neutron emissions

→ large fission Barrier

Smoluchowski equation 

N=184



deformation of the nucleus
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