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Unified theoretical tool for nuclear structure
and nuclear reactions

« HF with effective Skyrme forces or with
Gogny forces, HF+BCS, HFB

 EDF (partially ab initio EDF,
phenomenological Fayans EDF)

* Ab initio approaches

Average central densities, nuclear radius
[internal NN interaction], and surface
diffuseness [external part of NN interaction]
— finite nuclear systems

Nucleus-nucleus interaction



Method 1. Partially ab initio EDF

Nuclear binding energies, single-particle states,
and ground-state densities are described by an
EDF
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given by the Kinetic-energy density &.., the
interaction energy density & and the pairing
interaction density &..- .
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Variation of £ leads to the equations for the single-
particle wave functions

( h.’i\—'ﬁ

2my

—I_E‘}_'_fE{_I_E“ﬂ rr—l_'&tjf_irqj)‘f:ﬁ'jrn:”

with the single-particle self-energy
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The binding energies per nucleon for the Ni isotopic chain. The
energy density functional results (solid squares connected by lines) are
compared with the experimental data (solid circles).



0.08

0.00-""""'--|---I-..
r (fm)

The calculated radial distributions of the proton density for *°Ni

(dotted line) and *Ni (solid line) are compared with the experimental
data [At. Data Nucl. Data Tables 36, 495 (1987)] shown by open and
solid symbols, respectively.



Method II. Phenomenological
Fayans EDF
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norm norm

The in-volume central term can be schematically written as
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where x = p/pg 1s the relative density, whereas F.,, 0 and v are the parameters. Cy =

£V (1) =

norrmn

(dn/dep)™ = 72 /mpp is the usual TFFS normalization factor, inverse density of states at

the Fermi surface.
The corresponding term of the Skyrme EDF can be obtained putting y=0.

S. A, Favans, S. V. Tolokonnikov, E. L. Trvkov, and D. Zawischa, Nucl. Phys. A 676, 49
(2000,



Nucleon density distribution

The nucleon density distribution in the spherical nucleus 1s usually taken
in the three-parameter symmetrized Fermi-type form

0
1+ expl(r — R)/al

p(r) =

where py 1s the saturated nucleon density m the center of mucleus, i =1 AY3 55 the nuclear
racius with the parameter rp, and a 1s the muclear diffuseness

The value of
3 1

—lﬁfq?;l + Ta_ 2
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provides the proper normalization. Three-parameter fit of the nuclear
density profile provides p =0.158, 0.162, 0.156, and 0.154 fm™ for “Nj,

1229 1%ph_and PDs, respectlvely.
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It we fix the values of p =0.16 fm™ and r =1.15 tm, the description of

the density tail becomes worse, particular in the case of light nuclei. In a
heavy nucleus, the density profile can be well fitted even at fixed p and

V.
0

We found that r 1s weakly dependent on the neutron number of nucleus.

o = ZY7 (fm)

r varies from 1.07 fm for Mg to 1.135 fm for Ds
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The comparison of 1sotopic

dependencies of diffuseness of Ni
obtained with method I (solid line),

method II (dotted line), and

approach of PRC 88, 064327 (2013)
(dashed and dash-dotted lines are
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interactions, respectively).
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Based on the calculations of proton and neutron densities, the following
expressions

R, = 1.249AY% —(0.5401 — {1.95.&:2"\? —Z (fim),
R, = 1.2131AY3 —0.4415+ 0. ‘-»0_»;1 —Z (fm).
a, = 0.43899 — 0. 123{) —7 (fin).
a, = {1,4{3@{3+n.n?41"'_ - (fm)

A
can be suggested to estimate the proton and neutron radii as well as the
diffuseness for protons and neutrons. These expressions are suitable for
estimating the smooth part of isotopic dependence of nuclear radius and
diffuseness.
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The dependencies of a on N are rather complicated to be fitted with
a simple formula. One can consider the dependence of a on the neutron
separation energy S . Indeed, the value of a is proportional to 1/,/5 . In

this case one can suggest the simple parametrization
AT J:EK:T T .'Ir v *
alN) = ag VN \/ S0/ 5n (1111).
N — IV

where ag and Sy are the diffuseness and nentron separation energy, respectively, n the 1sotope
with neutron number Ny,
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a(N) tor spherical Sn. The fit of the solid line at N =50 1s presented by
dash-dotted line.
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For N1 and Sn, the functions a(N) have the minima at N=28, 50, and 82.
There 1s also the minimum of a at N=162-164 in Ds. In the single-
particle schemes of spherical nuclei, these neutron shells and sub-shells
are closed by the levels with large orbital angular momenta (/=7). Thus,
the centrifugal barrier restricts the diffuseness of some closed shell
nuclei.

For Mg and Pb, the magic neutron numbers N=20 and 126 are not
reflected in the a(N) dependence because these shells are closed by the
levels with small orbital angular momenta.

One can conclude that the last occupied single-particle level 1is
responsible for the peculiarities in the isotopic dependence of the
nuclear diffuseness.



Nucleus-nucleus interaction potential

The NN interaction is
Jgggﬂrm(p ) y k ex —_— - ._ _
F= J”g = -'ﬂi(l ~ '}';1:)3 [2 — 201" —aox (l +yr)(34+ 0+ ’}';;:(1 + g))]

At r = 0 we get external NN interaction and £ — CyF,,. The NN interaction at saturation

density 1s found for r — 1.

at v ="0and o= 1.
F= (WU[FQI + (L — Fe:r)"f"]
has the Migdal form with F,, = F,.(1 - 3a).



The nucleus-nucleus interaction potential V' is represented as the sum

V(R) = VolR) + V(R) + V(R

of the Coulomb, nuclear, and centrifugal potentials.
The double-folding procedure

Vn(R) = /“?1'1{]1‘2 p1(r1)pa(R = 1rg) Flry —1y).

The effective NN forces
F(Ihil_rl) (U[Fm (11]+Fer(l_ ([1))] [12_11]

p(ry) = pi(ry) + pa(R — o)

The Landau-Migdal parameters £ = 0.09 and F =-2.59, C =300 MeV
fm’ (0 =0.17 fm™) were determined from a fit to experimentally
measured properties of nuclei

ro=1.15— 1.16 fm a = 0.53 — .56 fm



As seen, the values of a and r found in the present work are smaller

than those used in our previous calculations of the nucleus-nucleus
potential. If they were used with the Landau-Migdal interaction, the
Coulomb barrier barriers would be higher than those resulted from the
experimental data. Using the values of ¢ and r, found, we calculate the

nucleus-nucleus potential with F defined in the general form. We set
0=1/3 and look for the values of F , a, and y which provide a good

description of the Coulomb barrier heights.

F,, =-108 a =053 v=04

F,, = 0.062
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Summary

* The nuclear diffuseness quite strongly depends on the neutron
number.

* The simple parametrization of a(/N) was suggested.

* The value of the diffuseness is related to the attraction strength
(the external constant F ) of the NN interaction. The external

constant of the density dependent NN forces mainly predetermines
the height of the Coulomb barrier, that is a measurable value.

* If the parameters of the EDF or of the corresponding effective NV
interaction are found form the fit of nuclear ground-state
characteristics, one should check whether this interaction is able to
reproduce the height of the Coulomb barrier between two
interacting nuclei.



Thank you.



	Страница 1
	Страница 2
	Страница 3
	Страница 4
	Страница 5
	Страница 6
	Страница 7
	Страница 8
	Страница 9
	Страница 10
	Страница 11
	Страница 12
	Страница 13
	Страница 14
	Страница 15
	Страница 16
	Страница 17
	Страница 18
	Страница 19
	Страница 20
	Страница 21
	Страница 22
	Страница 23
	Страница 24
	Страница 25

