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Optical model analysis of 1 Be and 4Be quasielastic scattering on a zC target
at 56 Mev per nucleon
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An optical model analysis of the quasielastic scattering of Be and Be on C target nuclei
has been performed, for measurements at 679 and 796 MeV laboratory incident energy, respectively.
The data are from the group of the University of Notre Dame. The automatic searches on the optical
model parameters were constrained by fitting the total reaction cross sections to values extrapolated
from measurements performed at much higher incident energy. It has turned out for both projectiles
that a surface term is necessary for the real as well as for the imaginary part of the potential, in
order to reproduce correctly the experimental data. This diffractive-refractive behavior favors the
existence of a neutron halo for both projectiles.

PACS number(s): 24.10.Ht, 25.60.+v, 25.?O.Bc

In this paper, we shall present an optical model analy-
sis of the experimental data of Ref. [1], concerning ~2Be

and Be quasielastic scattering &om a C target. These
data are well reproduced with a standard volume Woods-
Saxon potential shape plus a surface term (normalized
derivative of a Woods-Saxon shape) for the real as well
as for the imaginary part. This work is in the same vein
as the one already published for quasielastic scattering
of Li and C on a C target in the same incident en-

ergy domain [2]. One aim of this paper is to show that
it is possible to reproduce the experimental elastic an-
gular distributions with reasonable values for the total
reaction cross sections. That was not the case for the op-
tical model analysis of Ref. [1] where anomalously large
reaction cross sections were obtained. It would be highly
desirable to measure independently, by the attenuation
method, total reaction cross sections at this 56 MeV per
nucleon incident energies.

The difBculty in this analysis is that the data present
large error bars due to the very weak intensities of such
secondary radioactive nuclear beams. This can be cir-
cumvented by fitting at the same time the correspond-
ing total reaction cross sections. These latter quantities,
measured at high energy, are extrapolated towards the
low-energy side using the semiclassical relationship [3]

where o~ is the reaction cross section in fm, E, the
center-of-mass energy, and V~ the height of the Coulomb
barrier given by

V~ = 1.44zZ/R,

where z and Z are the projectile and target charges, re-
spectively, and R the strong absorption radius. This for-
mula of o R is more obvious than the one used in Ref. [1].

At 790 MeV per nucleon the reaction cross sections of
Be and Be are 927 and 1139 mb, respectively, &om

the experiment of Tanihata et al. [4], leading to values
of 911 and of 1122 mb, at 56 MeV per nucleon incident
energy. These two values are much smaller than the 1238
and 1900 mb found for Be and Be, respectively, in the
previous optical model analysis of Ref. [1], and more in
agreement with what is already known for light systems
from Refs. [2] and [5] at these low incident energies.

Due to the poor experimental energy resolution, inelas-
tic cross sections to the first 2+ and the first 3 states
of C are not separated &om the pure elastic cross sec-
tion. Using the automatic search code ECIS88 of Raynal
[6], it has been possible to fit this global elastic cross
section by calculating the distorted wave Born approxi-
mation (DWBA) cross sections to the 4.439 MeV 2+ and
9.641 MeV 3 of C and by adding them to g.s. elastic
cross section before computing the y value used by the
automatic search routine. It is well known that in case of
heavy-ion scattering the DWBA reproduces rather well
the inelastic scattering data in shape and magnitude [7].
The deformation parameters P2 and Ps are 0.592 and
0.400, respectively, coming from Refs. [8] and [9].

Figures 1 and 2 present the global elastic scattering
best fits of the Be and of the Be on C data, re-

spectively, using volume Woods-Saxon shapes plus sur-
face terms (normalized derivative of Woods-Saxon vol-

ume terms) for both real and imaginary potentials. The
corresponding optical model parameters are given in Ta-
ble I, family VS1 and VS2, assuming the same Coulomb
field for both projectiles. In order to force the fits to go
through all the data points, we have used for all of them a
standard relative error bar of 10'%%uo. The y2 per point are
1.9 and 0.96 for Be and Be, respectively. The experi-
mental error bars are in fact much larger for some points,
see Ref. [1]. The corresponding total reaction cross sec-
tions, 911 and 1123 mb for Be and Be, respectively,
fit extremely well the experimentally extrapolated cross
sections.

In order to understand the obtained optical model po-
tentials (12 parameters), we have plotted in Figs. 3 and 4
their shape for Be and Be, respectively. The puzzling
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FIG. 1. Experimental angular distribution of the summed
cross sections for Be elastic scattering and inelastic scat-
terings to the first 2+ and first 3 states of C target [1].
The solid line is the result of an optical model plus DWBA
fit corresponding to family VS1 of Table I.

point of the data of Ref. [1) is that the elastic angular dis-
tribution for Be is more far side dominated that the one
of Be projectile. That can be observed &om the fact
that at forward angles, in Fig. 1, the experimental points
are higher and above the Rutherford values than the ones
of Fig. 2. Thus, the real part of the Be potential is of

Be (796 MeV) + C

TABLE I. Optical model parameters for Be and Be
projectiles on a C target. The y per point values corre-
spond to standard relative error bars of 1070. The reduced
Coulomb radius is equal to 0.924 fm for both projectiles.

Projectile
Ei~b (MeV)

Potential family
V (MeV)
rp (fm)
ap (fm)

W (MeV)
r; (fm)
a, (fm)

V, (MeV)
ip, (fm)
ap. (fm)

W, (MeV)
r,, (fm)
a,, (fm)
o'R (mb)
op+ (mb)
op (mb)

x'

e
679.0
VS1
20.00
0.924
2.466
6.83
0.683
1.261
4.99
1.115
0.843
7.94
1.046
0.366
911
29.1
10.8
1.9

14B

796.0
VS2
20.00
0.702
0.560
5.44

0.?62
0.146
0.758
1.817
0.531
4.24
1.323
0.597
1123
10.1
4.1
0.96

much longer range than that of Be. Furthermore, in
the case of the Be projectile, a strong pocket is present
in both the real and the imaginary parts of the potential
near the nuclear surface while for the 4Be projectile, this
pocket shows up only in the imaginary part and far away
&om the nuclear surface. It is the imaginary part which
is mainly responsible of the value of the reaction cross
section and thus of the intensity of the nuclear halo. The
pocket in the imaginary part is responsible of the neu-
tron breakup cross section of the projectile. The last
neutron-pair binding energies are 3.67 MeV for i2Be [10]
and 1.48 MeV for i4Be [11]. Consequently the breakup
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FIG. 2. Experimental angular distribution of the summed
cross sections for Be elastic scattering and inelastic scat-
terings to the first 2+ and 3 states of C target [1]. The
solid line is the result of an optical model plus DWBA St
corresponding to family VS2 of Table I.
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FIG. 3. The Be optical model potential: volume terzn
plus surface term family VS1 of Table I.
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FIG. 4. The ' Be oe optical model potential: volu
plus surface term fam'1 VS2 fami y 2 of Table I.
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