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● Study of correlations included in the semi-classical molecular
dynamics models (CoMD), and their influence on the energy density
functionals. Comparison with the semiclassical Mean Field approach. The
study is performed for NM in the case of finite range interactions.

●Study of the effects associated to the finite range 
interactions on  reaction mechanisms induced on the 
system 64 Ni+48 Ca at different incident energies.
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The Microscopic Interaction

μ= 1.1 fm MF limit MD approach

The effective interaction is modelled through
the following two conditions on the two-body wave functions

Not identical Identical

Inspired from the Gogny interaction

<pi>=ħk0,i<ri>=r0,i
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Source of  many-body correlations in phase space

plus  correlations generates through the Pauli Constraint

Correlated “fluctuations”

(uniform NM)
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NM at zero Temperature as a reference

Eb=-16 MeV/A

Ρ0=0.165 fm-3

Knm=240 MeV

Esym=30 MeV

M*/M=0.67

(M*n-M*p)/M=0.4β

Eπ(ρ0)=2 MeV/A (finite 
system)

L=50-110 MeV

Fp=Fcalc-1

W.P

W.P+constraint

dEwp~3.5 MeV/A          dEc~2.5 MeV
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Many-body correlations and the Iso-vectorial interactions



Finite Systems 64,58Ni+48Ca at different energies.
Comparison between the cases μ=0 and μ= 1.1 fm

It is necessary to add this a surface term

CoMD calculations (No Gemini)

Different interactions producing very similar EOS
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ICF, IMF production, Fission around the C.M. velocity

64 Ni+48Ca   Reaction Mechanisms b=0-5. fm
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● In the molecular dynamics model CoMD the strength parameters r
elated to the momentum-dependent effective interaction have been 
revalued to take in to account specific phase-space correlations 
that are absent in  semiclassical mean field approaches.

● ICF, Fission  IMF production around the c.m.velocity, flow angles
In the energy range 25-100 AMeV are strongly affected 
by the range of the effective interaction (M*) .

● Around 125-150 MeV these differences are smaller.

● Large differences are still present in others regions of velocities

Final Remarks
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The Dipolar signal and the Isospin Equilibration Phenomenon





Pre-Equilibrium  ɣ-ray Emission and Isospin Dynamics 

● Pre -Equilibrium ɣ- ray emssion was already investigated
as the result of  the excitation of a «special» collective
mode in semi-inclusive measurements

● Further investigations established a direct connection 
between this emission and the dynamics (beyond 
statistical decays) of the processes leading to the 
equilibration of the charge / mass ratio in phase-space 
after the collision – > connection with EoS, iso-vectorial 
forces (Esym) at different densities.

● We started to study this process through the 
measurement of the average Dipolar signal obtained from 
the identified fragments in rather well reconstructed  
events. (CHIMERA – rather selective conditions)

● The observation of the pre-equilibrium radiation ( CsI
CHIMERA sphere) in coincidence with well reconstructed 
multi-break-up events could unequivocally fix, through the 
associated spectral characteristics, the time intervals of the 
processes  ->  density and / or density intervals explored <-
> Forces -> Stable beam (also and especially neutron rich)  
4-6 times more intense 

CoMD

ɣ Asymptotic
Dipolar signal

M.Papa et al; Phys ReV C 91, 041609 (2015) ;J. Phys Conf. Ser 1643 
012103 (2020);  
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L =87.6±14 MeV
S(ρ0)=32 MeV



--To complete  the investigation on the effects produced by the  many-body correlations (at the semi-classical level) 
on EDFs. To understand how this correlations affect  observables usually studied in Heavy-Ion Collision.

-- Extend these studies to low densities to include cluster formation processes

-- Progress in the studies on the Isospin-Equilibration phenomenon through the study of the dipolar signal (Equil2 
experiment) for different degrees of centrality,, (IMF production, hot sources disassembly) – comparison with 
model calculations.

Perspectives 

NEWCHIM/ CHIRONE at LNS
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