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Abstract

<> Model: Variational approach to study the effect of the
symmetry energy on isovector properties of various medium
and heavy nuclei.

<> Case study: 298Pb, 124Sn, 20Zr, 48Ca.

< Calculations: R, a,, etc.

<> Crucial Point: The Coulomb interaction managed in a self-
consistent way.

<> Conclusion: Strong dependence of the SE on the various
isovector properties for medium and heavy nuclei.
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Introduction

<> Nuclei Properties
<> Asymmetry Coefficient
22 (N — Z)?
Al/3 A
~S(p)

EB — avA e a5A2/3 1T ClC

—6(A,2)

<> Neutron Skin Thickness

=R, — R,

~a(p)

M. C. Papazoglou, Department of N&EPP, School of Physics, Aristotle University of Thessaloniki, Greece



1
Floal = | [eanm(p,0) + FolTp(P +5p0)(1 = e r

v



1
Floal = | [eanm(p,0) + FolTp(P +5p0)(1 = e r

v



2

dp

1
L =4nr?| euuu(p(),alr)) + F, (d_r) + Z’D(l —a)V.(r) | — Adnr?p — A4nriap




aS(p)\ 1

+p—> +Z(1 —a)V.(r)— 24, —A,a| =0

dp

a(r) = %@(Vc(ﬂ + 41,) 0<a(r)<1




V.(r) = 2me? UT%(l —a(@))pGHr'*d?r’ + jrc(l — a(r’))P(r’)r’dr’]

AGQEN A UTC%(l — a(r’))P(r')‘r’zdzr’]



15t [teration

a(r) = L AGEXYP) 0<a(r)<1

85(p)




Model & Approach

<> Calculations
Inputs (Constants) Inputs (Variables) Outputs
*8Ca L Etotar
20 77 J AR
208pp ay
124Sn

@ All the calculated properties are studied as a function of the
slope of the SE (L) and the value of the SE at the nuclear
saturation density (J).
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Results and Discussion

€ Lower values of L = higher values of the S(p).
(nucleons less bound, N>>7)
€ Higher values of L =» lower contribution of the S(p).

(nucleons more bound), N=Z)
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S(py) | — € The isovector properties of nuclei are related
Po with the trend of the symmetry energy in the
region 10MeV < L < 100MeV
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Results and Discussion

Higher values of L.:

=» Shift the neutron distribution to the outer
part of the nucleus.

=» Concentrates deeper the protons.

=>» Shift of r,, Increasing dramatically the
neutron skin, forming a kind of neutron halo
Inside the nucleus.
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Results and Discussion

The asymmetry function a(r):

= Acts as a regulator on the proton and neutron
distributions in order to minimize the total energy
of the nucleus.

asymmetry function

=> Coulomb potential V(r) acts inversely.

=» Long range Coulomb forces — Isovector part of
nuclear forces —creation of the neutron skin
thickness.
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Results and Discussion

Strong dependence of R, on L:

Rexin(fm) = 0.101 + 0.00147L (MeV)

Centelles et. al.

€ That relation supports a softer
dependence of R, on L
compared to the present study.

€ The intersection between our

results and the results
compatible with Centelles
approximation corresponds to
values of binding energy are
very close to the experimental
data for the specific nuclei.
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Results and Discussion

€ a, is a decreasing function of
L.

€® Higher values of L => Low values
of a(p).
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€ a, exhibits a mass depended A
behavior.
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Results and Discussion

]
F

@ The set J=34 MeV and L=65MeV reproduces very well the
empirical values of aA for almost all of the medium and
heavy isotopes.
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@ Possible universal dependence holds between L and J for
nuclei at least in the mass region A = 40-200.

€ The same set of L and J reproduce in a very good accuracy
the a,for medium as well as heavy nuclei.
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Results and Discussion

€9 Heavyion collision
* J=32 =70
+J=34 L=65

L 2 Nuclear structure observables.

=» The present results lies inside the
relevant area.
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Results and Discussion

@ Dependence of the coefficient a, on the asymmetry

S
parameter | for all the relevant isotopes. %.
5
E
@ In almost all cases there is a soft dependence of a, on | [
but a strong dependence on the value of J. g
£
]
@ Linear dependence of R,.. on I. 10 015 020

I=(N-Z)/A

X oy —0.02 < a < 0.045
skin 1.31<b <145

@ Intervals are dependent on the specific set of values of
Land J.

L=70, J=32
o L=65,J=34

0.15 0.20 0.25 0.30
I=(N-Z)/A

M. C. Papazoglou, Department of N&EPP, School of Physics, Aristotle University of Thessaloniki, Greece



Conclusion

<> About the present work

=>» Neutron skin thickness is very sensitive on L.

=>» Case of 2°8Pb: The present approximation supports a stronger sensitivity of the
neutron skin thickness on L.

=» Comparison to the empirical formula.

=>» J imposes strong constraints on L.
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Conclusion

<> About the present work

=» The method can be applied in the totality of medium and heavy neutron
rich nuclei.

=» Coulomb interaction can easily be separated from the nucleon-nucleon
interaction.

=>» The approach can be easily extended to include more complicated
expressions:

15k
* SNM
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Conclusion

<> About future works (open problems)

@ Experimental and theoretical work is necessary.

=» Finite nuclei.
=» Neutron star structure.

& SE contribution for low densities.

& Correlation between the nuclear EOS of nuclear matter and the DFT
of infinite nuclei.
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The End

Thank you for your attention!
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