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This talk is an introductory guide to the recent paperthe recent paper

“J. Stone, P. Danielewicz, and Y. Iwata, PRC 96, 014612 (2017)”

from a view of TDHF approach



  

Introduction
on chart

Nuclear synthesis

Structure of neutron star ...

Colliding nuclei

40,48Ca + 40,48Ca
100, 120Sn + 100,120Sn

ReactionsReactions



  

Introduction 
-Symmetry energy-

Maximal density → symmetry energy
 (energy dep ...)

← Energy per nucleon
    (expanded by d)

← proton-neutron asymmetry
    (local density difference)

… symmetry matter

Symmetry energySymmetry energy

Zero temp. formalism



  

Interaction Parameter

P. Klupfel, P. G-. Reinhard et al. 
PRC (2009)



  

The roots of mean square matter radiimatter radii are  …

 4He: 1.50 fm  by theoretical calculation            
     
 (EXP   1.49 to 1.63 fm)  

 

Quality of TDDFT (SV-bas int.)

Comparison of
binding energy 

 

Comparison of RMS radii

 



  

Density dependence of 
symmetry energy

Four models are examined



  

Neutron and proton density

Difference can be found in 
the tails



  

Neutron and proton density

Difference can be found in 
the tails



  

Time evolution of 
maximal density

Maximal density 
is achieved in the 
1st full overlaps.



  

Contour plot of
proton and neutron densities

Multipole structure

Multipole structure



  

Maximal density and 
corresponding d Ca casesCa cases



  

Maximal density and 
corresponding d Sn casesSn cases



  

Maximal density and 
corresponding d 

in comparisonin comparison
-medium energy--medium energy-



  

Maximal density and 
corresponding d 

in comparisonin comparison
-low energy--low energy-

Larger d
for lower energies



  

Ratio of maximal nucleon density
-medium energy-



  

Ratio of maximal nucleon density
-low energy-



  

●  isospin dynamics (chemical equilibration) defines its boundary

 … it is very fast compared to the other equilibration mechanisms 

Boundary of low- and medium 
energies

Charge equilibration upper-energy limit formula

Y. Iwata et al. PRL (2010)Y. Iwata et al. PRL (2010)

This formulaThis formula says that

the bound energy is essentially determined by the Fermi energyFermi energy,

and the additional kinematical effect (taken into account in the 
above) is not negligible



  

Comparison to theory 

Comparison to experiment 

Y. Zhang et al., Phys. Rev. C (R) (2017) exp.exp.

L. Zhu et al., Phys. Lett. (2017) exp.exp.

A. S. Umar Arxiv (2017)  thepr.thepr.

Supportive results are recently reported in ...



  

Isospin equilbration
by diffusion

Spatially isotropic flowSpatially isotropic flow 

Isospin equilbration
by zero sound type fast exchange

Spatially directed flowSpatially directed flow

Boundary of low- and medium 
energies

Charge equilibration upper-energy limit formula

Y. Iwata et al. PRL (2010)Y. Iwata et al. PRL (2010)

Energy/A
[MeV]

Charge eq. 
upper-limit energy

Roughly speaking

Rather affected by
Symmetry energy



  

Summary

◇ Maximal density achieved in low- and medium-energy HICs
   It is 2.5*r

0
 in higher energies,  1.4*r

0
 in low energies.

◇ Highest d is roughly equal to 0.17

◇ Maximal density is achieved in the first full-overlap.

◇ Maximal density weakly depends on ...
   Proton-neutron asymmetry does depend on ...does depend on ... 
   initial cond,beam energy, system size, sym-energy models. 

◇ The difference between two
 models are noticed: 
 
 _ shell effect
  
   ...
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