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Investigation of 9,10Be weakly bound nuclei elastically scattered from208Pb
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Experimental angular distributions for the weakly bound9,10Be nuclei elastically scattered from208Pb target at various energies are in-
vestigated using phenomenological and microscopic potentials. The considered data in this study are:9Be+208Pb in the energy range of
37.0 − 75.0 MeV and10Be+208Pb in the energy range of38.4 − 43.9 MeV. The performed analysis reflects the nature and peculiarities
of the considered projectiles. For the9Be+208Pb nuclear system, the data showed a typical Fresnel diffraction scattering pattern and the
Coulomb rainbow phenomenon is well presented due to the interference between partial waves refracted by the Coulomb and nuclear poten-
tials. The7Li+d and9Be+n cluster structures of9Be and10Be, respectively are studied. The extracted renormalization factors for the real
part of potential constructed on the basis of double folding as well as cluster folding could reflect the nature of the loosely bound projectiles.
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1. Introduction

Recently, with the increasing possibility and availability of
accelerating different radioactive beams, many nuclear pro-
cesses induced by different weakly bound nuclei have be-
come a hot topic of research. Due to the weak binding for
these nuclei, the coupling effect to break-up channels is ex-
pected to increase. The break-up effect observed in6Li and
7Li projectiles for example, is found to play a key role in ex-
hibiting some abnormalities such as the necessity to reduce
the strength of double folding (DF) potential by about 30-
50 % in order to reproduce the experimental data. The same
situation was also reported while using cluster folding poten-
tial in reproducing the experimental data for nuclear systems
induced by6,7Li ion beams [1-8]. Other interesting weakly
bound nuclei are the9,10Be isotopes which are subjected to a
detailed analysis in current work in order to probe their inter-
action mechanism with the heavy208Pb target [9-12].

However, 9Be is another anomalous projectile that re-
quires significantly less renormalization than unity. In the
tail region of 6,7Li, the imaginary potential is diffuse and
stronger than the real potential.9Be, like 6,7Li, is loosely
bound, breaking up inton+2α with only 1.57 MeV. The odd
neutron in9Be is only bound by 1.367 MeV, and Satchler has
shown that the potential depth near the strong absorption ra-
dius is strongly influenced by the neutron density treatment
[13-16].

Elastic scattering processes between two colliding nuclei
still remain an important topic in nuclear physics studies.
The angular distributions of elastic scattering cross sections
can exhibit different features depending on the structure of
the two colliding nuclei and on the projectile’s energy. For
stable projectiles, and at energies close to the Coulomb bar-

rier, Fresnel oscillatory diffraction pattern may appear when
the angular distributions are plotted as a ratio to Rutherford
cross sections. This Fresnel peak, usually called Coulomb
rainbow, is due to the interference between partial waves re-
fracted by the Coulomb and short-range nuclear potentials.
For light projectiles, the Coulomb force becomes smaller and
the diffractive pattern changes from Fresnel to Fraunhofer
oscillations at higher energies. The data from our previous
study [17] of the interaction mechanism of weakly bound
9,10,11Be scattered from64Zn were analyzed using both the
conventional optical model (OM) and the double folding op-
tical model (DFOM). The elastic scattering angular distri-
butions for9,10Be isotopes are well reproduced both by the
phenomenological OM as well as the DFOM with the suit-
able optimized parameter sets, while for the11Be isotope,
the strong reduction of the cross section around the nuclear-
Coulomb interference angles can not be reproduced by the
DFOM. The reasonable fit to the data is only achieved by
adding a very long-range absorption term in the imaginary
part. The differences in the extracted renormalization fac-
tor (Nr) values for the different considered nuclear systems
induced by Be isotopes could reflect the difference of weak
binding nature among the three studied Be isotopes.

In this paper, both pure phenomenological and semi-
microscopic potentials are used to investigate the interac-
tion mechanism for the weakly bound9,10Be nuclei scattered
from 208Pb target at various available energies. In connection
with this aim, the following data are analyzed:9Be+208Pb in
the energy range 37.0 – 75.0 MeV [9,11] and10Be+208Pb in
the energy range 38.4–43.9 MeV [10, 12].

The paper is organized as follows. Section 2 discusses
the nuclear potentials that are used in the data analysis, while
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Sec. 3 discusses the results and discussion. The summary is
provided in Sec. 4.

2. Theoretical methods

As a first step for probing the interaction mechanism for the
considered nuclear systems, OM of the nucleus is applied.
The implemented phenomenological OM potential has the
following form:

U(r) = VC − V0

(
1 + exp

[
r −RV

aV

])−1

− iW0

(
1 + exp

[
r −RW

aW

])−1

. (1)

The VC(r) is the Coulomb potential due to a uniform
sphere with a charge equal to that of the target nucleus and
radiusrC A

1/3
t . The nuclear potential is consisting from two

parts: real volume (which simulate the scattering) and imag-
inary volume (simulate the reduction in flux due to absorp-
tion), both has the phenomenological Woods-Saxon (WS)
shape.

In the semi-microscopic analysis, the real part of the po-
tential was constructed based on the DF procedures as,

VDF (r) =
∫∫

ρp(r1)ρt(r2)vNN (S)d3r1d
3r2, (2)

whereρp(r1), ρt(r2)are the matter densities of the projectile
and the target respectively andvNN (S)is the effectiveNN
interaction between two nucleons whereS =

−→
R − −→r1 + −→r2 .

For NN effective interactions, the widely held choosing has
been based on the M3Y interactions which were designed to
reproduce the G-matrix elements of Paris [18-20]NN inter-
actions. The density distribution of9Be is deduced using the
Argonne v18 two-nucleon and Urbana X three-nucleon po-
tentials (AV18+UX) in a realistic Variational Monte Carlo
(VMC) wave function [21]. For the density distributions
of 10

. Be and 208
. Pb, the following fermi form is assumed

[22,23].

ρ (r) =
ρ0

1 + exp (r −R)/a
. (3)

For 10
. Be(208. Pb), R = 2.0 (6.80) fm, a = 0.511(0.515)fm

and root-mean-square (rms) matter radius of 2.45 fm, respec-
tively while ρ0 can be determined from the normalization
condition.

4π

∫
ρ (r) r2dr = Mass Number. (4)

The DF potential consists mainly of two parts.
The direct part is

vD(r) =
[
11062

e−4r

4r
− 2538

e−2.5r

2.5r

]
MeV, (5)

and the knock-on exchange part in the infinite-range ex-
change is

vEx(r) =

[
− 1524

e−4r

4r

− 518.8
e−2.5r

2.5r
− 7.847

e−0.7072r

0.7072r

]
. (6)

In the present work, the modified version of CDM3Y6
interaction based on the inclusion of the rearrangement term
(RT) is used, and is denoted by (CDM3Y6-RT). This effec-
tive interaction (CDM3Y6-RT) uses another density depen-
dent version (CDM3Y6) of the M3Y effectiveNN interaction
based on the G-matrix elements of Paris potential for the di-
rect and exchange terms Eqs. (5) and (6). The full CDM3Y6
interaction form is defined as [24],

vD(Ex)(ρ, r) = g(E)F (ρ)vD(Ex)(r), (7)

where, the density dependent functionF is written as [25]

F (ρ) = 0.2658 [1 + 3.8033 exp(− 1.41ρ) − 4.0ρ] , (8)

andg (E) is the additional energy dependent factor written as
[24],

g(E) = [1− 0.003 (E/A)] . (9)

For the modified (CDM3Y6-RT) interaction with the in-
clusion of RT term, the term∆F(ρ) is added in the folding
model calculation, where∆F(ρ) can be written as [25],

∆F (ρ) = 1.5 [exp(−0.833ρ)− 1] . (10)

2.1. Analysis of9Be+208Pb

The 9Be+208Pb data in the energy range of37.0 −
75.0 MeV is reanalyzed from the phenomenological point
of view using OM. Then, this nuclear system is analyzed
semi-microscopically using double folding optical model
(DFOM). In this model, the real part of the potential was con-
structed by folding the density distributions of9Be and208Pb
with nucleon- nucleon interaction potential of the M3Y form
with and without taking into consideration the effect of rear-
rangement term, namely, DFOM and DFOM-RT, in addition
to a phenomenological WS imaginary potential of parame-
ters fixed to those obtained from OM analysis. Finally, the
9Be + 208Pb data in the aforementioned energy range is sub-
jected to a fully microscopic analysis based on cluster folding
model (CFM) for both real and imaginary parts. The cluster
folding calculations were constructed based on the7Li + d
cluster structure of9Be. The required ingredients to prepare
the cluster folding potential for both the real and imaginary
parts are: the7Li + 208Pb andd + 208Pb potentials at appro-
priate energies as well as the7Li + d binding potential. As
the experimental data for9Be + 208Pb elastic scattering an-
gular distribution atElab (9Be) = 75.0 MeV is the high-
est energy under consideration, the required potentials are:
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FIGURE 1. Real and imaginary parts of9Be+208Pb cluster folding
potential constructed on the7Li + d cluster structure for9Be.

7Li + 208Pb potential atElab(7Li)= 7/9 × 75 = 58.3 MeV
and thed + 208Pb potential atElab(d) = 2/9 × 75 = 16.7
MeV. Fortunately, there are available experimental measure-
ments for7Li + 208Pb angular distribution atElab = 63
MeV [26] which is close to the required 58.3 MeV, and for
d + 208Pb atE lab = 17 MeV [27] which is close to the re-
quired 16.7 MeV. The real and imaginary cluster folding parts
of the9Be +208Pb potential can be defined on the basis of7Li
+ 208Pb andd + 208Pb potentials as follows:

V CF (R) =
∫ (

V7Li−208Pb

[
R− 2

9
r
]

+ Vd−208Pb

[
R +

7
9
r
] )

|χ7Li−d(r)|2dr , (11)

WCF (R) =
∫ (

W7Li−208Pb

[
R− 2

9
r
]

+ Wd−208Pb

[
R +

7
9
r
])

|χ7Li−d(r)|2dr , (12)

whereV 7Li− 208 Pb, W 7Li− 208 Pb, Vd−208Pb, andWd−208Pb

are the optimal real and imaginary potentials for the7Li +
208Pb andd + 208Pb channels, respectively, which were taken
the same as those in Ref. [26,27]. The termχ7Li d(r) is the
inter-cluster wave function for the relative motion of7Li and
d in the ground state of9Be andr is the relative coordinate
between the centers of mass of7Li andd. The7Li – d bound
state form factor represents a 2S1 state in a real Woods-Saxon

FIGURE 2. Real and imaginary parts of10Be+208Pb cluster folding
potential constructed on the9Be + n cluster structure for10Be.

potential withV0 = 79.0 MeV, R = 1.15 fm, a = 0.7
fm. The generated cluster folding potential for9Be+208Pb
is shown in Fig. 1.

2.2. Analysis of10Be+208Pb

The available experimental angular distributions for
10Be+208Pb elastic scattering at energiesElab = 38.4,
39, 39.9, 42.6, and 43.9 MeV [10] are reanalyzed from the
phenomenological and the semi-microscopic point of view.
Firstly, the OM analysis was performed utilizing OM poten-
tial consisting from real and imaginary volume parts, each
having the conventional WS form in addition to a Coulomb
part “see Eq. (1)”. The analysis was performed using fixed
radii parameters. Then, on the basis of the9Be + n cluster
structure of10Be, the considered data are reanalyzed using
cluster folding model. The required ingredients to perform
cluster folding calculations for10Be + 208Pb by considering
the proposed9Be + n cluster structure of10Be are: the9Be
+ 208Pb potential atElab(9Be)= 9/10 × Elab(10Be), n +
208Pb potential atElab(n) = 1/10×Elab (10Be) and n +9Be
binding potential. For10Be +208Pb elastic scattering angular
distributions in the energy range 38.4 – 43.9 MeV, the highest
energy under consideration isElab(10Be)= 43.9 MeV. For-
tunately there are available experimental measurements for
9Be + 208Pb angular distribution atElab(9Be)= 39.6 MeV
[11]. The real and imaginary cluster folding parts of the10Be
+ 208Pb potential can be defined on the basis of9Be + 208Pb
andn+208Pb potentials as follows:
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FIGURE 3. Comparison between9Be+208Pb elastic scattering angular distributions atElab = 37.0, 37.8, 38.0, 38.2, 38.5, 39.0, 39.5, 40.0,
and 41.0 MeV and theoretical calculations using OM (solid lines), DFOM (dash dot lines), DFOM-RT (dash lines), and CFM (short dash
lines).

V CF (R) =
∫ (

V9Be−208Pb

[
R− 1

10
r
]

+Vn−208Pb

[
R+

9
10

r
])

|χ9Be−n(r)|2dr , (13)

WCF (R) =
∫ (

W9Be−208Pb

[
R− 1

10
r
]

+Wn−208Pb

[
R+

9
10

r
] )

|χ9Be−n(r)|2dr , (14)

where V 9Be− 208 Pb, W 9Be− 208 Pb, Vn−208Pb, and
Wn−208Pb are the optimal real and imaginary potentials for
the9Be + 208Pb andn + 208Pb channels, respectively, which
were taken the same as those in Ref. [11,28]. The term
χ9Be n(r) is the inter-cluster wave function for the relative
motion of9Be andn in the ground state of10Be, andr is the
relative coordinate between the centers of mass of9Be and
n. The bound state potential which bind the core (9Be) with
the valence particle (n) orbiting this core was taken of phe-
nomenological Woods-Saxon potential of diffusenessab=0.7
fm and radius rb=1.15 fm. The potential depth Vb was found
by fitting to the cluster binding energy (B.E=6.812 MeV).
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FIGURE 4. Same as Fig. 3 but atElab = 42.0, 44.0, 46.0, 47.2, 48.0, 50.0, 60.0, 68.0, and 75.0 MeV.

The generated cluster folding potential for10Be+208Pb is
shown in Fig. 2. To validate our analysis, we plotted expres-
sion (11) for9Be+208Pb at 75 MeV and expression (13) for
10Be+208Pb at 48.3 MeV , respectively, against the DF poten-
tial with finite-range exchange contribution for the densities
under consideration, as shown in Figs. 1 and 2. At (R=0),
(V Cluster(0)/V DF (0))≈0.95, this means that the scattering
is sensitive to the real potential for both the considered sys-
tems. These two figures show that, the DF potential is about
5% deeper than the cluster potential at(R = 0), while they are
similar for radial distances R ranging from 0.5 fm to 7 fm.

A strong absorption radiusRS (closest approach) through
the surface radial region can be defined as the distance be-
tween colliding particles in terms of the transmission coeffi-
cient T1/2, which is a function of the partial wave and mo-

mentum L1/2, as well as the Sommerfield parameterη and
the projectile wave numberk [13]. We can see that the dif-
ferent DF and cluster potentials agree with each other near
the strong absorption radiusRS where RS =11.1 fm for the
9,10Be +208Pb reaction.

3. Results and discussion

3.1. 9Be+208Pb nuclear system

The comparison between the experimental9Be+208Pb
elastic scattering angular distributions in the energy range

Rev. Mex. Fis.68041202
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TABLE I. Optimal potential parameters achieved from our best fit to9Be +208Pb elastic scattering data in energy rangeElab = 37.0− 75.0

MeV using OM, DFOM, DFOM-RT, and CFM potentials.

E Model V r V aV N r W r W aW NRCF NICF χ2/N σR

37 OM 29.44 1.24 0.63 58.0 1.24 0.63 7.5 107.4

DFOM 0.588 70.6 1.24 0.63 7.6 107.4

DFOM- RT 0.61 70.6 1.24 0.63 7.6 107.4

CFM 0.456 0.483 5.9 130.1

37.8 OM 30.9 1.24 0.63 54.3 1.24 0.63 2.2 146.5

DFOM 0.604 54.3 1.24 0.63 2.1 146.5

DFOM- RT 0.627 54.3 1.24 0.63 2.1 146.5

CFM 0.734 0.390 1.7 152.7

38 OM 36.1 1.24 0.63 50.0 1.24 0.63 3.5 152.9

DFOM 0.697 50.0 1.24 0.63 3.6 152.9

DFOM- RT 0.724 50.0 1.24 0.63 3.6 152.8

CFM 0.778 0.366 3.4 158.3

38.2 OM 40.2 1.24 0.63 46.4 1.24 0.63 3.9 160.6

DFOM 0.768 46.4 1.24 0.63 4.1 160.5

DFOM- RT 0.798 46.4 1.24 0.63 4.1 160.5

CFM 0.785 0.356 4.5 167.4

38.5 OM 42.6 1.24 0.63 45.7 1.24 0.63 3.8 182.3

DFOM 0.81 45.7 1.24 0.63 3.9 182.2

DFOM- RT 0.84 45.7 1.24 0.63 3.9 182.1

CFM 0.783 0.366 4.4 191.1

39 OM 44.73 1.24 0.63 41.73 1.24 0.63 7.4 212.5

DFOM 0.84 41.73 1.24 0.63 8.0 212.3

DFOM- RT 0.872 41.73 1.24 0.63 8.0 212.2

CFM 0.766 0.358 10.5 223.2

39.5 OM 43.07 1.24 0.63 42.86 1.24 0.63 4.6 256.7

DFOM 0.804 42.86 1.24 0.63 5.04 256.4

DFOM- RT 0.836 42.86 1.24 0.63 5.1 256.2

CFM 0.710 0.387 8.6 271.4

40 OM 39.89 1.24 0.63 45.7 1.24 0.63 6.4 307.2

DFOM 0.741 45.7 1.24 0.63 7.0 306.7

DFOM- RT 0.772 45.7 1.24 0.63 7.0 306.6

CFM 0.640 0.425 13.0 325.1

41 OM 36.02 1.24 0.63 47.07 1.24 0.63 7.04 401.9

DFOM 0.663 47.07 1.24 0.63 8.4 401.1

DFOM- RT 0.693 47.07 1.24 0.63 8.4 401.0

CFM 0.538 0.469 24.4 426.6

42 OM 32.53 1.24 0.63 48.37 1.24 0.63 14.35 498.6

DFOM 0.596 48.37 1.24 0.63 15.9 497.9

DFOM- RT 0.624 48.37 1.24 0.63 15.9 497.7

CFM 0.447 0.512 43.2 531.8

44 OM 30.97 1.24 0.63 47.41 1.24 0.63 6.2 684.8

DFOM 0.563 47.41 1.24 0.63 6.9 683.8

DFOM- RT 0.592 47.41 1.24 0.63 6.9 683.7

CFM 0.358 0.562 18.6 733.3

46 OM 36.39 1.24 0.63 33.15 1.24 0.63 11.4 810.4

DFOM 0.662 33.15 1.24 0.63 13.9 809.9

DFOM- RT 0.696 33.15 1.24 0.63 14.2 809.2

CFM 0.459 0.44 40.0 857.1
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E Model V r V aV N r W r W aW NRCF NICF χ2/N σR

47.2 OM 38.16 1.24 0.63 41.17 1.24 0.63 10.2 957.1

DFOM 0.688 41.17 1.24 0.63 12.3 955.4

DFOM- RT 0.723 41.17 1.24 0.63 12.5 954.7

CFM 0.337 0.655 39.4 1060

48 OM 36.09 1.24 0.63 42.11 1.24 0.63 19.2 1020

DFOM 0.661 42.11 1.24 0.63 18.7 1020

DFOM- RT 0.696 42.11 1.24 0.63 18.8 1020

CFM 0.348 0.628 28.2 1111

50 OM 40.38 1.24 0.63 49.13 1.24 0.63 27.4 1217

DFOM 0.729 52.09 1.24 0.63 28.5 1215

DFOM- RT 0.766 52.2 1.24 0.63 28.7 1220

CFM 0.327 0.716 72.2 1307

60 OM 46.5 1.24 0.63 38.27 1.24 0.63 14.1 1775

DFOM 0.846 38.27 1.24 0.63 16.1 1774

DFOM- RT 0.890 38.27 1.24 0.63 16.8 1772

CFM 0.418 0.703 39.6 1909

68 OM 45.14 1.24 0.63 27.97 1.24 0.63 33.8 2039

DFOM 0.822 27.97 1.24 0.63 26.5 2037

DFOM- RT 0.864 27.97 1.24 0.63 26.2 2034

CFM 0.442 0.618 12.5 2196

75 OM 45.49 1.24 0.63 33.67 1.24 0.63 20.7 2314

DFOM 0.844 33.67 1.24 0.63 17.3 2314

DFOM- RT 0.889 33.67 1.24 0.63 16.9 2312

CFM 0.453 0.645 5.1 2446

37.0−75.0 MeV and the OM, DFOM, DFOM-RT, and CFM
calculations performed using FRESCO code [29] are shown
in Figs. 3 and 4 using the potential parameters listed in Ta-
ble I. In OM calculations, the analysis was performed us-
ing two adjustable parameters real and imaginary potential
depthsV0 andW0, while the real and imaginary radius and
diffuseness parameters were kept fixed at 1.24 and 0.63 fm re-
spectively. The potential parameters considered in Ref. [11]
for both the real and imaginary parts of potential were taken
as starting parameters. It is clearly shown in Figs. 3 and 4,
that the agreement between experimental data and OM cal-
culations is fairly good even in the angular range where the
Coulomb rainbow phenomenon is well presented. Although
similar OM calculations were performed for9Be+208Pb sys-
tem in the energy range37.0−50.0 [11], it was necessary also
in the current study to start our analysis from the pure phe-
nomenological point of view in order to extract the optimal
OM parameters for9Be+208Pb system in the whole consid-
ered energy range. The optimal extracted imaginary poten-
tial parameters were implemented in the semi-microscopic
analysis. In DFOM calculations, two approaches were used:
DFOM and DFOM-RT in order to study the effect of intro-
ducing the rearrangement term. As expected, in order to de-
scribe9Be+208Pb data, the strength of the real part should be
reduced by∼25 − 28 %. The extracted average renormal-
ization factor for the real part of the potential is 0.72±0.095
and 0.75±0.099 from DFOM and DFOM-RT calculations,
respectively. The experimental data is reasonably reproduced

by DFOM with nearly the same good fitting as shown in
Figs. 3 and 4, whereas the DFOM-RT clearly provides a
poorer description, particularly in the Coulomb rainbow re-
gion.

Finally, the 9Be+208Pb elastic scattering angular distri-
butions in the energy range37.0 − 75.0 MeV are analyzed
within the framework of CFM. The CFM analysis was per-
formed using two free parametersNRCF andNICF , namely
renormalization factor for the real and imaginary cluster fold-
ing potential, respectively. These two parameters are allowed
to be freely changed in the range0.2− 1.3 till reach the best
agreement the experimental data and the theoretical calcula-
tions by minimizing theχ2/N value. As shown in Figs. 3 and
4, the comparison between the experimental angular distribu-
tions for 9Be+208Pb nuclear system and theoretical calcula-
tions within the frame work of CFM is fairly good except in
the angular range where Fresnel peak is presented especially
at energies less than 60 MeV. At higher energies greater than
60 MeV, the CFM calculations reproduce well the Fresnel
peak. In order to reproduce the experimental data using CFM,
the strength of the real cluster folding parts should be reduced
by∼ 0.45 %. The extracted averageNRCF andNICF values
are 0.55±0.18 and 0.45±0.13, respectively. These results
emphasize the weak nature of9Be.

As shown in Fig. 5, the Coulomb rainbow phenomenon
(Fresnel peak) which resulted from the interference between
Coulomb and nuclear potential is well presented at energies
above 40 MeV. It is obvious that with increasing the projec-

Rev. Mex. Fis.68041202
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FIGURE 5. Angular distributions for9Be+208Pb elastic scattering in the energy range37.0 − 75.0 MeV. Data are displaced by 0.1 for the
sake of clarity. Left panel for energies37.0 − 40. MeV where Coulomb rainbow phenomenon is not observed. Right panel for energies
41.0− 75.0 MeV where Coulomb rainbow phenomenon is observed.

TABLE II. Optimal potential parameters achieved from our best fit to the measured data of10Be +208Pb elastic scattering atElab=38.4–43.9
MeV using OM with fixed rv= 1.355 and rw= 1.338 fm as well as CFM.

E (MeV) V aV W aW NRCF NICF χ2/N σR

38.4 OM 25.0 0.25 33.79 0.25 0.37 11.67

CFM 0.2 0.205 0.7 45.15

39.0 OM 25.0 0.25 29.96 0.264 0.19 21.57

CFM 0.2 0.2 0.5 57.9

39.9 OM 25.0 0.49 28.6 0.413 0.19 211.7

CFM 0.267 1.01 0.55 310.9

42.6 OM 25.0 0.452 25.0 0.32 1.06 379.7

CFM 0.311 0.997 1.98 577.4

43.9 OM 25.0 0.405 25.0 0.543 1.12 700.1

CFM 0.315 0.981 1.12 700.7

TABLE III. Optimal potential parameters achieved from our best fit to the measured data of10Be +208Pb elastic scattering atElab=38.4-43.9
MeV using CFM of non-renormalizedNRCF =1 andNICF =1 plus DPP, the approach CFM+DPP.

E (MeV) V0 W0 χ2/N σR

38.4 -30.19 -11.05 0.21 24.15

39.0 -13.83 -11.89 0.18 13.50

39.9 -8.15 -7.35 0.22 220.1

42.6 -9.13 -10.81 0.88 304.7

43.9 -12.23 -2.83 1.18 661.2
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FIGURE 6. Comparison of elastic scattering angular distributions
of 10Be+208Pb atElab = 38.4, 39.0, 39.9, 42.6, and 43.9 MeV
with theoretical calculations using OM, CFM, and CFM+DPP.

tile energy, the position of Fresnel peak is shifted towards
smaller angles.

3.2. 10Be+208Pb nuclear system

The comparison between the experimental angular distribu-
tions for10Be+208Pb nuclear system and theoretical calcula-
tions within the frame work of OM in the energy range 38.4
– 43.9 MeV is shown in Fig. 6. The OM calculations were
performed by fixing radii parameters rV and rW to the values
1.355 and 1.338 fm, respectively and by allowing the other
four parameters (real ands imaginary potential depth and dif-
fuseness) to be changed freely till reach the best agreement
between the experimental data and the theoretical calcula-
tions by minimizing theχ2/N value as shown in Table II.
The CFM analysis was performed using two free parameters
NRCF andN ICF . These two parameters are allowed to be
freely changed in the range0.2−1.2 till reach the best agree-
ment between the experimental data and the theoretical cal-
culations as shown in Fig. 6 using potential parameters listed
in Table II. In order to reproduce the data within the frame
work of CFM, the strength of real part of potential should be
reduced by about 74 % which reflect the weak nature of10Be.

Finally, 10Be+208Pb elastic scattering angular distribu-
tions in the aforementioned energy range are reanalyzed us-
ing the previously created cluster folding potential but with-
out renormalizing the real and imaginary cluster potential
parts (NRCF and NICF = 1) plus a dynamical polariza-
tion potential DPP in the form of Woods-Saxon and has a
repulsive surface nature, namely CFM+DPP, to compensate
the observed reduction in the strength of real and imagi-
nary CF parts of potential. The dynamical polarization po-
tential for both the real and imaginary parts has been fixed
(rV pol = rW pol = 1.24 fm) and (aV pol = a Wpol = 0.63
fm). Two parameters are allowed to be changed freely until
they achieved the best agreement between data and calcula-
tions: real and imaginary dynamical polarization potential

FIGURE 7. Energy dependence on reaction cross sections for
9,10Be+208Pb systems based on the different considered ap-
proaches (OM, DFOM, DFOM-RT and CFM).
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depths,Vpol andWpol. The comparison between the experi-
mental angular distributions for the10Be+208Pb nuclear sys-
tem and the CFM+DPP calculations is shown in Fig. 6 using
the potential parameters listed in Table III.

As the total reaction cross sectionσR is a useful quantity
to test the validity of calculations, the energy dependence on
σR is studied for the two systems -9,10Be+208Pb - under con-
sideration. As shown in Fig. 7, it is found that the extracted
σR values for9,10Be+208Pb systems utilizing the different
considered approaches (OM, DFOM, DFOM-RT and CFM)
are close to each other and can be expressed by quadratic
polynomial functionσR (E) = −5370 + 196 E − 1.431 E2.

4. Summary

The current study’s main goal is to conduct a further analysis
of the interaction mechanism and peculiarities resulting from
the scattering of Beryllium isotopes9,10Be from the heavy
target208Pb. In accordance with this aim, the following nu-
clear systems:9Be+208Pb in the energy range37.0 − 75.0
MeV and10Be+208Pb in the energy range38.4 − 127 MeV
are investigated using different potentials. OM analysis as
expected could fairly reproduce the considered experimen-
tal data. Analysis performed within the frame work of DF

with and without taking into consideration the effect of re-
arrangement term as well as CFM calculations, reflected the
weak nature of9Be and10Be. The same trend was also ob-
served in DF and CF analysis for the scattering of6Li from
various target nuclei [30-33]. For9Be+208Pb nuclear sys-
tem, the strength of the real double folded part should be re-
duced by∼25− 28 % in order to reproduce the data. A sim-
ilar trend was also observed in CFM analysis; the strength
of the real cluster folding part should be reduced by∼0.45
%. For the10Be+208Pb nuclear system, CFM analysis was
performed using two free parametersNRCF andNICF. The
strength of real cluster folding part of potential should be re-
duced by about 74 % to obtain a good fit with the data. The
performed analysis again showed that, the reduction in the
strength of DF and CF potentials for nuclear systems induced
by the weakly9,10Be isotopes could reflect the weak binding
nature of these isotopes.
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