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In this study, a comprehensive investigation on both different internal structure dynamics and various density distributions of the12Be nucleus
is conducted. With this goal, the quasielastic scattering data of the12Be +12C reaction is analyzed. Firstly, six different density distributions
of the12Be nucleus are used to obtain the real potentials under the double folding model. The imaginary potentials in the calculations of all
the density distributions are taken as Woods-Saxon type. The obtained theoretical results are compared with the literature results as well as
the experimental data. This comparison provides information about the similarities and differences of the six different density distributions
used in the calculations. Finally, by using a different method, various internal structure models of the12Be nucleus which consist of the
4He +8He,6He +6He and4He +6He + 2n systems are investigated. The theoretical results are given in comparison with each other as well
as the experimental data. The agreement with the data of the theoretical results is very good.
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1. Introduction

Be isotopes have attracted much interest in the field of nu-
clear physics. These nuclei have been considered in different
forms. For example,11Be which has a low binding energy
for the last neutron and a large radius in proportion to10Be
is called one neutron halo nucleus (10Be + n). 13Be is not
bound.14Be has often been assumed to occur in a three-body
system with12Be + n + n. In addition to this,14Be can be
considered as a five-body system with10Be + n + n + n + n.
12Be is one of the most interesting of Be isotopes. The bind-
ing energy of12Be is 3.67 MeV. The12Be nucleus demon-
strates the cluster structure and has an important effect in the
vanishing of the neutron magic numberN = 8 [1]. There-
fore, the experimental and theoretical studies on the12Be nu-
cleus still continue [2–8].

When explaining the experimental data of stable nuclei, a
Woods-Saxon type density distribution or a Fermi type den-
sity distribution or a harmonic-oscillator type density distri-
bution has been extensively used. [9, 10]. On the other hand,
the density distributions of halo nuclei present a long tail.
Also, the cross-section of nucleus-nucleus scattering is sen-
sitive to the density distribution used [11, 12]. Henceforth,
it is important to examine the density distributions of nuclei.
In this context, different density distributions for12Be iso-
tope have been proposed. These density distributions are the
Variational Monte Carlo (VMC), the Single-Gaussian (SG),
Gaussian-Gaussian (GG), Gaussian-Halo (GH), Gaussian-
Oscillator (GO), and Gaussian-Exponential (GE) density dis-
tributions. We consider that a comparative analysis of these
density distributions would be useful in the analysis of the
reactions with12Be. In our work, it is chosen12Be + 12C
system. Zaharet al. [13] measured quasielastic scattering of
the12Be +12C system at 679 MeV. They carried out the phe-
nomenological calculations within the optical model (OM)

and inelastic scattering for the 2+ excited state of12C nu-
cleus in the coupled-channels (CC) formalism in order to ex-
plain the experimental data. They showed that it is conve-
nient to use a potential with a much deeper surface imagi-
nary component and an attractive surface real component in
obtaining good agreement results with the experimental data
of the 12Be + 12C system. Mermaz [14] performed a theo-
retical analysis for quasielastic scattering of the12Be + 12C
system under the same energy and conducted the OM cal-
culations with volume Woods-Saxon (WS) type plus surface
terms for real and imaginary potentials. Although the phe-
nomenological approach within the framework of the OM
has been generally used in these studies, a microscopic ap-
proach such as the double folding model (DFM) has not been
applied to the analysis of this reaction. The DFM together
with the density distributions of both projectile nucleus and
target nucleus [15] is used to obtain the real part of the opti-
cal potential. The DFM has been applied extensively in the
theoretical analysis of the elastic scattering interactions for
various nuclear systems [16–23]. Therefore, we intend to in-
vestigate the quasielastic scattering of12Be on12C by using
the VMC, SG, GG, GH, GO and GE density distributions ex-
isting in the literature via the DFM.

Cluster structures are an important tool to investigate the
structure of a nucleus and to constitute different configura-
tions with elements and to understand the processes in nu-
clear astrophysics [24, 25]. Neutron-rich Be isotopes are
thought to be an important candidate for the cluster stud-
ies [26,27]. In this context, the structural differences between
the studies performed on the12Be nucleus, where the neutron
magic numberN = 8 was noticed to have broken down, and
molecular or cluster states for12Be nucleus were observed.
The ground state of12Be is not considered as a halo candi-
date [28]. It should not be supposed that the12Be nucleus is
well defined with 2n and inert-core model if the core is in the
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10Be form [28]. Therefore, different structures could be con-
sidered for the12Be nucleus such as4He + 8He, 6He + 6He
and4He + 6He + 2n [25, 29]. As a result of this, both exper-
imental and the theoretical studies began to get involved in
these cases [30–33]. It has been reported that12Be levels can
decay through6He +6He andα + 6He exit channels [34–36].
Saitoet al. [37] showed the existence of6He + 6He breakup
states. Descouvemont and Baye [38] reported that the molec-
ular states of12Be can be a mixing of6He +6He andα + 8He
configurations. Nevertheless, the studies on this case of12Be
still continue. Thus, to examine the role of the core and va-
lence for12Be will be very useful and interesting during the
analysis of the reactions with12Be. With this goal, we plan
to investigate each one of these configurations of the12Be
nucleus within the DFM.

The theoretical calculations of the present study fall into
two categories. Firstly, we focus on the analysis of the12Be
+ 12C system for six type density distributions of the12Be
nucleus by using the DFM based on the OM. We obtain the
scattering angular distributions for all different density distri-
butions. We compare the theoretical results with the experi-
mental data and the literature results. Finally, we investigate
the 4He + 8He, 6He + 6He and4He + 6He + 2n models for
the 12Be nucleus by using the DFM. We acquire the elastic
scattering angular distribution for each of these systems. We
compare the theoretical results with the experimental data.

In the next section, we demonstrate the OM calculations.
In Sec. 3, we define all the densities used in the present study.
In Sec. 4, the parametrization of the internal structure models
of the12Be nucleus is shown. In Sec. 5, the results of these
calculations are given. Section 6 is devoted to our summary
and conclusion.

2. Optical model calculations

To determine the real part of nuclear potential is applied the
DFM which uses the nuclear matter distributions of both
the projectile and target nucleus together with an effective
nucleon-nucleon interaction potential(νNN ). The double
folding potential is

Vdouble folding(r)=
∫

dr1

∫
dr2ρP (r1)ρT (r2)νNN (r12), (1)

whereρP (r1) andρT (r2) are the nuclear matter densities of
projectile and target nuclei, respectively. In order to make a
comparative study, we have used various density distributions
for the12Be nucleus. Each of these densities is explained in
the following. The density of the12C target nucleus is taken
as below

ρ12C(r2) = ρ0 (1 + wr2
2) exp (−βr2

2), (2)

where ρ0 = 0.1644 fm−3, w = 0.4988 fm−2, and
β = 0.3741 fm−2 [39,40].

In our study, we have used the most common one, the
M3Y nucleon-nucleon (Michigan 3 Yukawa) realistic inter-
action, which is given by

νNN (r) = 7999
exp(−4r)

4r

− 2134
exp(−2.5r)

2.5r
+ J00(E)δ(r) , (3)

whereJ00(E) is the exchange term in the following form

J00(E) = 276 [1− 0.005 ELab/Ap]. (4)

Finally, the imaginary potential is taken in the WS form

W (r) = W0/(1 + ex), x = (r −Rw)/aw (5)

whereRw = rw (A1/3
P + A

1/3
T ) andAP andAT are mass

numbers of projectile and target nuclei, respectively. Here,
W0, rw andaw parameters, respectively are the depth, the
radius and the diffuseness of the imaginary part of optical
potential.

3. Parametrization of density distributions

In our work, we have used six kind densities of the12Be nu-
cleus to generate the real part used in explaining of the scat-
tering cross-section of12Be by 12C. These density distribu-
tions are the VMC, SG, GG, GH, GO, and GE densities.

3.1. The Variational Monte Carlo (VMC) density distri-
bution

The Variational Monte Carlo (VMC) method is applied to
construct a variational wave function. The density distribu-
tion of the12Be nucleus obtained from the VMC calculations
using the Argonne v18 (AV18) two-nucleon and Urbana X
three-nucleon potentials (AV18+UX) has been reported [41].

3.2. The Single-Gaussian (SG) density distribution

The point nucleon density of the nucleus examined via the
SG density distribution is determined by using the following
equation [42]

ρ(r) =
(

3
2πR2

m

)3/2

exp

(
− 3r2

2R2
m

)
, (6)

whereRm is the root mean square (rms) matter radius of
the nucleus. In our calculations, the value ofRm is taken
as 2.580 fm [43].

3.3. The Gaussian-Gaussian (GG) density distribution

If the investigated nucleus consists of a core (10Be) and va-
lence neutrons (2n), the core and the valence density distri-
butions of this nucleus can be taken as [44]

ρc(r) =
(

3
2πR2

c

)3/2

exp

(
− 3r2

2R2
c

)
(7)
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ρv(r) =
(

3
2πR2

v

)3/2

exp

(
− 3r2

2R2
v

)
, (8)

whereRc andRv are the rms radii of the core and valence nu-
cleon distributions, respectively. The total matter distribution
ρm is given in following form

ρm(r) = [Ncρc(r) + (A−Nc)ρv(r)]/A, (9)

whereNc is the number of nucleons in the core andA is
mass number. In our calculations, the values ofRc andRv

are 2.39 fm and 4.02 fm, respectively [43]. For these values,
we foundRm=2.730 fm.

3.4. The Gaussian-Halo (GH) density distribution

The GH density is expressed by

ρm(r) =
(

3
2πR2

m

)3/2

[1 + αϕ(r)] exp

(
− 3r2

2R2
m

)
, (10)

where

ϕ(r) =
3
4

[
5− 10

(
r

Rm

)2

+ 3
(

r

Rm

)4
]

. (11)

α is a parameter in the range 0≤ α ≤ 0.4. Forα=0, the GH
density satisfies the gaussian function, whereas the values
close to 0.4 of theα give a density distribution with the halo
component. While the GH density distribution is obtained,
the values ofRm andα are taken as 2.68 fm and 0.08 fm,
respectively [43]. Thus, theRm is 2.679 fm.

3.5. The Gaussian-Oscillator (GO) density distribution

For determining this kind of the density distribution, we as-
sume that the12Be density is the sum of the core (10Be) and
valence (2n) densities. In this context, the core density is
evaluated as

ρc(r) =
(

3
2πR2

c

)3/2

exp

(
− 3r2

2R2
c

)
. (12)

The 1p-shell harmonic oscillator density is applied to
generate the valence density distribution. It is formulated by

ρv(r) =
5
3

(
5

2πR2
v

)3/2 (
r

Rv

)2

exp

(
− 5r2

2R2
v

)
. (13)

Theρm is written as

ρm(r) = [Ncρc(r) + (A−Nc)ρv(r)]/A (14)

In our study, the values ofRc andRv are 2.33 fm and
4.08 fm, respectively [43]. For these values, we obtained
Rm=2.575 fm.

3.6. The Gaussian-Exponential (GE) density distribu-
tion

Finally, we assume that the12Be density consists of the sum
of the core (10Be) and valence (2n) densities. The core den-
sity is parameterized as

ρc(r) =
(

3
2πR2

c

)3/2

exp

(
− 3r2

2R2
c

)
. (15)

The exponential density of the valence is given by

ρv(r) =
r2

R5
v

exp

(
−
√

30
r

Rv

)
. (16)

In our calculations,Rc andRv are 2.20 fm and 5.75 fm,
respectively [42]. The value ofRm has been found as
2.275 fm.

4. Parametrization of internal structure mod-
els of the12Be nucleus

Here, we examine the internal structure of the12Be nucleus
by using a new approach. When the12Be nucleus is handled
in a theoretical manner, different structures of12Be can be
taken into account. The structures investigated in this work
consist of the4He + 8He, 6He + 6He and4He + 6He + 2n
systems.

4.1. The4He + 8He system

It is assumed that the12Be nucleus consists of the4He +8He
model. Thus, the12Be density is the sum of the densities of
the4He and8He nuclei formulated in the following

ρ12Be(r) = ρ4He(r) + ρ8He(r). (17)

The density of the4He nucleus is taken as [15]

ρ4He(r) = 0.4229 exp(−0.7024r2). (18)

For this density distribution, the neutron and proton den-
sities have assumed the same radial shape. The8He density,
which is considered to be the sum of the core and valance
densities, is given in the following formulas [45]

ρc(r) =
1
π

2√
π

1
a3

exp

(−r2

2a2

)
where

a =
1.69√

3
fm, (19)

and

ρv(r) =
8

3π
√

π

r2

b5
exp

(−r2

b2

)
, where

b = 1.99 fm, (20)

whereρc(r) andρv(r) are the core and valence density dis-
tributions, respectively.
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4.2. The6He + 6He system

Also, the12Be nucleus can be handled as the6He +6He sys-
tem. Thus, the12Be density is the sum of the the density
distributions of the6He exotic nuclei written as

ρ12Be(r) = ρ6He(r) + ρ6He(r). (21)

We have used two different density distributions for the
6He nucleus in our calculations. The first density distribu-
tion of 6He is No-Core Shell-Model (NCSM), which is taken
from [46]. The second density of6He is formulated by

ρ6He(r) = ρ0 exp (−βr2), (22)

whereβ is adjusted to reproduce the experimental value for
the rms radius of the6He=2.54 fm.ρ0 can be obtained from
the normalization condition

∫
ρ(r)r2dr =

A

4π
, (23)

whereA is the mass number.

4.3. The4He + 6He + 2n system

Finally, we investigate the4He + 6He + 2n structure for the
12Be nucleus. For this aim, the density of12Be is represented
in the following form

ρ12Be(r) = ρ4He(r) + ρ6He(r) + 2ρn(r). (24)

The 4He and6He densities used in our analysis are the
same as Eq. (18) and Eq. (22), respectively. The density of
1n-halo is in the gaussian form [47,48]

ρn(r) =
(

1
γ
√

π

)3

exp(−r2/γ2). (25)

4.4. The fitting procedure

In this part, the details of the fitting procedure conducted in
the calculations of both the density distributions and internal
structure models of12Be are introduced. In the fitting proce-
dure, a good consistence between the theoretical results and
the experimental data of the12Be +12C reaction by searching
W0, rw andaw parameters of the imaginary potential is tried
to obtain. Purely elastic scattering data of the12Be + 12C re-
action are not currently available. Therefore, the quasielastic
data instead of the elastic scattering data have been used in
the fitting procedure.

We have started from the parameters used in the calcula-
tions of the previous studies in the density distribution calcu-
lations [13, 14]. In this respect, the values ofrw have been
examined in steps from 0.1 to 0.01 fm and have been fixed at
0.90 fm in all the calculations of density distributions. Then,
theaw values have been investigated in steps of 0.1 and 0.001
fm at fixed radius and have been kept constant at 0.905 fm.
The fitting procedure of the studied systems has been com-

TABLE I. The optical potential parameters for the VMC, SG, GG,
GH, GO and GE densities used in the analysis of the12Be + 12C
system. In all the calculations, the Coulomb radius (Rc) is fixed
as 1.25.

Density NR W rw aw σ

Distribution (MeV) (fm) (fm) (mb)

VMC 0.605 33.4 0.90 0.905 1249.6

SG 0.600 33.9 0.90 0.905 1255.5

GG 0.648 35.0 0.90 0.905 1270.4

GH 0.622 33.5 0.90 0.905 1251.6

GO 0.635 34.5 0.90 0.905 1263.3

GE 0.830 45.6 0.90 0.905 1379.5

TABLE II. The optical potential parameters for the4He +8He,6He
+ 6He and4He + 6He + 2n systems used for the12Be nucleus in
the analysis of the12Be + 12C system. In all the calculations, the
Coulomb radius (Rc) are fixed as 1.25.

System NR W rw aw σ

(MeV) (fm) (fm) (mb)
4He +8He 0.915 54.0 1.027 0.50 1122.1
6He +6He 0.855 45.9 1.027 0.50 1087.1

4He +6He + 2n 1.000 56.0 1.027 0.50 1133.0

pleted by adjusting theW0 depth of imaginary potential. The
optical potential parameters of all the densities have been
listed in Table I.

Like the analysis of the density distributions, we have
tested different values ofrw in steps from 0.1 to 0.001 fm
and have fixed the value ofrw at 1.027 fm in all the calcu-
lations of the internal structure models. Theaw values have
been varied in steps of 0.1 and 0.01 fm at fixed radius and
have been kept constant at 0.50 fm. Finally, the fitting proce-
dure of the structure models has been completed by adjusting
theW0 value. The optical potential parameters obtained have
been given in Table II.

The code FRESCO [49] has been used in theoretical cal-
culations of the DFM. FRESCO, a general-purpose reaction
code, is conducted to generate the OM parameters to fit the
data [50].

5. Results and Discussions

The quasielastic scattering of12Be +12C system at 679 MeV
has been investigated for six different densities of the12Be
nucleus. The densities have been presented in a comparative
form in Fig. 1 (logarithmic scale) and Fig. 2 (linear scale).
It has been observed that the GE density extends much far-
ther when compared to the other densities. The GG density
is longer than the other density distributions except for the
GE density. However, the GH and GO densities arrive close
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FIGURE 1. The VMC, SG, GG, GH, GO and GE density distribu-
tions in logarithmic scale.

FIGURE 2. Same as Fig. 1, but in linear scale.

FIGURE 3. The elastic scattering angular distributions for the
VMC, SG, GG, GH, GO and GE densities of the12Be + 12C re-
action atELab = 679 MeV in comparison with the previous stud-
ies [13,14] as well as the experimental data. The experimental data
have been taken from [13].

distance with each other, but the GH is shorter. Finally, the
SG density is the shortest of all the density distributions.

The theoretical results obtained for different densities
have been shown as comparative in Fig. 3. The theoreti-
cal results of the density distributions show similar behavior
with each other. This similarity breaks down after aboutΘ >
8◦. We have observed that the GE density exhibits a behavior
based on the average value of the experimental data compared
to the other densities. However, the densities investigated in
our study display behavior of the experimental data in gen-
eral, but none of them is perfect. In addition to this, we com-
pared the theoretical results with the previous works [13, 14]
as well as the experimental data in Fig. 3 in order to make
a comparative study. While the results of the previous stud-
ies [13, 14] have been obtained, we have conducted only the
phenomenological calculations for the OM parameters given
in Refs. 13 and 14 without including the inelastic scattering
of the 12C nucleus. In Refs. 13 and 14, the theoretical re-
sults consist of the sum of the elastic and inelastic scattering.
Therefore, we should point out that there is some difference
between our results and the results of Refs. [13,14].

Also, we should point out that the normalization con-
stant (NR), which is used to acquire good consistent re-
sults with the experimental data, has been varied. In this re-
spect, the valueNR = 1.0 is attributed to the success of the
DFM [15]. On the other hand, the deflection from unity of the
NR, the model would mean to need the corrections, denotes
strangeness and uncertainties in the data or to uncertainties in
the fitting procedures applied or to uncertainties in the densi-
ties conducted under the folding model approach [15]. From
the parameters given in Table I, theNR values of all the den-
sities deviates from unity. This result is expected because of
including the quasielastic scattering data of the12Be + 12C
system investigated in the present work. However, the de-
flection from unity of the GE density is less than the other
densities.

In our study, we investigated various internal structure
models such as the4He+8He, 6He+6He and 4He+6He+2n

FIGURE 4. The elastic scattering angular distributions for the4He
+ 8He, 6He + 6He and4He + 6He + 2n systems used for the12Be
nucleus in the analysis of the12Be +12C system.
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FIGURE 5. A comparison of good consistent elastic scattering re-
sults with the experimental data obtained from the density distri-
butions and the structure models used for the12Be nucleus in the
analysis of the12Be +12C system.

FIGURE 6. The shapes of the real potentials of the nuclear potential
of the12Be +12C reaction for the VMC, SG, GG, GH, GO and GE
densities.

of the 12Be nucleus via a different approach. We obtained
the scattering angular distributions of all the models and pre-
sented in a comparative manner with each other as well as the
experimental data in Fig. 4. We have observed that the results
are in very agreement with experimental data. Especially, the
4He + 6He + 2n results are close to the perfection compared
to the results of the density distributions investigated in this
work. This conclusion is supported with the results of4He +
8He and6He + 6He systems. As a result of this, we should
say that to investigate the cluster structures of various nuclei
by using the method conducted in the present study will be
important in the analysis of the nucleus-nucleus interactions.

While the theoretical calculations of the structure mod-
els were carried out, theNR values were changed. If one
compares theNR values applied in the analysis of the den-
sity distribution and the internal structure, one can notice that
a significant improvement have become in theNR values of
the internal structures. Moreover,4He +6He + 2n system has

FIGURE 7. The shapes of the imaginary potentials of the nuclear
potential of the12Be + 12C reaction for the VMC, SG, GG, GH,
GO and GE densities.

given very agreement results with the data without changing
theNR value. This is another important point of the method
conducted in our study.

In Fig. 5, we have compared good agrement results of
the analysis of both the density distributions (the GE density)
and structure models (4He + 6He + 2n) of the12Be isotope
with the experimental data. It has been clearly seen that the
4He + 6He + 2n model gives very good results compared to
the density distribution results and the literature results. As a
result of this, we consider that this result would be an impor-
tant and interesting in the analysis of the12Be +12C reaction
and the nucleus-nucleus interactions.

In Figs. 6 and 7, the shapes of the real and imaginary po-
tentials conducted for different density distributions of12Be
on the12C target nucleus have been presented. The real po-
tentials exhibit differences as the depthes. The reason is be-
cause differentNR values used for the real potentials. The
deepest real potential is seen in the GE density. The other
potential depthes are closer with each other. Also, it has been
seen that the GE density goes to zero faster than the real po-
tentials of the other densities. When the shapes of the imagi-
nary potential results are examined, it has been observed that
the deepest imaginary potential is found for the GE density.
The depthes of the other potentials are closer with each other,
especially, for the VMC and GH densities. This is because of
differentW values used in the folding model calculations of
the density distributions as given in Table I.

In Figs. 8 and 9, we have shown the shapes of the real
and imaginary potentials of the nuclear potential for different
internal dynamics of the12Be nucleus. The real potential of
the4He +8He system is deeper than the other systems. How-
ever, the shallow real potential is attributed to the4He + 6He
+ 2n system. If one investigates the behaviors of the imagi-
nary potentials of the systems, one can see that the imaginary
potential of the4He + 4He + 2n system is deeper than the
imaginary potentials of other systems. Whereas the shallow-
est imaginary potential has been found for the6He + 6He
system.
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FIGURE 8. The shapes of the real potentials of the nuclear potential
of the4He +8He,6He +6He and4He +6He + 2n systems used for
the12Be nucleus in the analysis of the12Be +12C system.

FIGURE 9. The shapes of the imaginary potentials of the nuclear
potential of the4He +8He,6He +6He and4He +6He + 2n systems
used for the12Be nucleus in the analysis of the12Be +12C system.

In Table I, we have given the cross-sections for all
the density distributions which vary in the range of
1249.6 ≤ σ ≤ 1379.5 mb. Also, in Table II, we have shown
the cross-sections in the range of 1087.1≤ σ ≤ 1133.0 mb
obtained for various internal structures of the12Be nucleus.
We observed that the cross-sections of the density distribu-

tions are bigger than the cross-sections of the structure mod-
els. In addition to this, we have compared our results with
the cross-sections of the previous studies. In this respect,
Zahar [13] reported 1238.0 mb as the value of the cross-
section for the12Be + 12C system. In another study [14],
the cross-section for this system was calculated and reported
as 911 mb. When our results are compared with the litera-
ture results, we can say that the cross-sections obtained by
means of different density distributions of the12Be nucleus
are closer to the result of Zahar [13] rather than the cross-
sections acquired from other internal structures.

6. Summary and Conclusions

We have performed the theoretical calculations for the elas-
tic scattering of the12Be + 12C system. We have used six
different density distributions for the12Be nucleus. It can be
said that the density distributions define the behavior of the
experimental data in general. However, the results need to
develop for a perfect consistence with the experimental data.
Then, our results have been compared with the literature re-
sults. Thus, this work has provided a comprehensive analy-
sis on the validity of six different density distributions of the
12Be nucleus.

In the present work, we have investigated the internal
structure models of the12Be nucleus by using a different ap-
proach. In this context, we have analyzed the4He + 8He,
6He + 6He and4He + 6He + 2n systems. We have obtained
the elastic scattering angular distributions for these systems
and have compared our results with the density distribution
results as well as the experimental data. The harmony be-
tween the theoretical results and the experimental data is
quite good. Especially, the results of4He + 6He + 2n system
are in very agreement with the data without renormalization
although the experimental data of the12Be + 12C reaction
present a oscillatory behavior. Here, we do not claim very
precise results. We are developing a different approach to the
analysis of the internal structure of12Be nucleus based on
the DFM. According to the results of this approach, we con-
sider that various structure models of the12Be nucleus may
provide important contributions to the theoretical studies of
nucleus-nucleus interactions.
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