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in the measured quasielastic scattering angular distribution. The result demonstrates for the first time
the persistence of the strong breakup coupling effect reported so far for reaction systems involving
neutron-halo nuclei at this relatively high incident energy. The measured quasielastic scattering cross

Keywords: sections are satisfactorily reproduced by continuum discretized coupled channel (CDCC) calculations as
Elastic scattering well as by the XCDCC calculations where the deformation of the '°Be core is taken into account. The
Breakup reaction angular and energy distributions of the 19Be fragments could also be well reproduced considering elastic
Breakup coupling effects breakup (CDCC and XCDCC) plus nonelastic breakup contributions, with the latter evaluated with the
)C(EISEC model by Ichimura, Austern and Vincent [1]. The comparison of the °Be energy distributions with

simple kinematical estimates evidence the presence of a significant post-acceleration effect which, in
the (X)CDCC frameworks, is accounted for by continuum-continuum couplings.

© 2020 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Corresponding authors. _ Elastic and breakup reactions induced by stable as well as un-
E-mail addresses: yangyanyun@impcas.ac.cn (Y.Y. Yang), moro@us.es (A.M. Moro). stable atomic nuclei constitute a fruitful area of research in nu-

1 These authors contributed equally to this work and should be considered co- . [ . . .
first authors ey clear physics. The angular distributions of elastic scattering cross

2 Current address: Istituto Nazionale di Fisica Nucleare, Sezione di Pisa, Largo sections can exhibit different features depending on the incident
Pontecorvo 3, 56127 Pisa, Italy. energy and on the structure of the colliding nuclei. For ordinary

https://doi.org/10.1016/j.physletb.2020.135942
0370-2693/© 2020 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by
SCOAP3.


https://doi.org/10.1016/j.physletb.2020.135942
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physletb.2020.135942&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:yangyanyun@impcas.ac.cn
mailto:moro@us.es
https://doi.org/10.1016/j.physletb.2020.135942
http://creativecommons.org/licenses/by/4.0/

RIBLL Collaboration

projectiles, and at energies close to the Coulomb barrier, a typical
Fresnel oscillatory diffraction pattern may appear when the angu-
lar distribution is plotted as the ratio to the Rutherford scatter-
ing cross sections. This Fresnel peak, usually called the Coulomb-
nuclear interference peak (CNIP) or Coulomb rainbow, is due to the
interference between partial waves refracted 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 [2]. While sta-
ble and ordinary tightly bound nuclei exhibit one or the other of
these classical diffraction patterns in their angular distributions,
a clear deviation from the oscillatory pattern is observed for the
elastic scattering induced by weakly-bound nuclei. These nuclei
are characterized by low binding energies of the valence particle(s)
with respect to the core, giving rise to some decoupling during the
collision. This effect leads to the appearance of non-elastic pro-
cesses, even at large distances, producing a damping or completely
disappearance of the Fresnel peak.

MBe is an archetype of one-neutron halo nucleus [3,4]. Its va-
lence neutron has a low binding energy, S, = 0.503 MeV, in the
ground state and 0.181 MeV in the first excited state. The ground
state of !"Be is known to consist of an admixture of s- and d-
wave neutron configurations, with the latter associated with the
excitation of the 1°Be core [5,6]. Measurements of the elastic scat-
tering of 1'Be have been made at energies around the Coulomb
barrier on several medium to heavy targets, namely, 54zZn [7,8],
1205 [9], 197Au [10], and 299Bi [11,12]. The angular distributions
in all these experiments exhibit a strong suppression of the CNIP
due to strong breakup coupling effects. Strong damping of the CNIP
has also been observed in the elastic scattering of other weakly-
bound neutron rich nuclei, such as ®He [13-17] and ''Li [18] on
heavy targets, but also at energies close to the barriers.

Elastic scattering measurements of proton-rich nuclei, such as
8B, °C, 19C, and '"F have been performed on Ni and 2%Pb tar-
gets [19-27]. The ®B nucleus has a very weakly bound valence
proton with separation energy S, =0.1375 MeV, and no bound ex-
cited states. Angular distributions for the elastic scattering of the
8B + 98Nj system were measured at several energies close to the
Coulomb barrier [19]. The CDCC calculations for this data set in-
dicated a strong influence of the breakup channel, although the
CNIP is not apparent in the angular distributions [28,29]. More re-
cently, a calculation based on a microscopic version of the CDCC
method, MCDCC, has been performed, predicting the existence of
CNIP for this system [30]. In spite of such differences, both calcu-
lations suggested that the breakup coupling effects to the elastic
scattering angular distributions are small for the 8B + >3Ni system
at around Coulomb barrier energies.

The breakup effect on the elastic scattering could be better
investigated with heavier targets due to the increasing predom-
inance of the long-range Coulomb interaction compared to the
nuclear potential. Two measurements have been performed for the
8B + 208ph system: one at an energy close to the coulomb bar-
rier (E,p =50 MeV) [20] and another at three times the Coulomb
barrier energy (Erap = 170 MeV) [21]. Full CDCC calculations per-
formed for this system reasonably reproduced the corresponding
experimental angular distributions. The same has been found for
MCDCC calculation from Ref. [30]. The conclusion is that for this
system, the breakup effects on the elastic scattering angular distri-
butions are not so strong compared to what is found for weakly-
bound neutron-rich nuclei. Similar conclusions have been found in
elastic scattering of other proton-rich nuclei such as °C [23] and
17F [24-27].

Understanding the interplay between the nuclear structure and
reaction mechanism and the influence of the breakup coupling ef-
fects in the elastic and fusion processes is still a challenge for
both theoretical and experimental studies. Calculations performed
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Fig. 1. Schematic view of the experimental setup.

by Yang, Liu and Pang [31] have shown that the Coulomb and cen-
trifugal barriers, experienced by the valence proton in the ground
state of 8B but absent for the valence neutron in the ground state
of 11Be, are responsible for the distinct difference in the elastic
scattering angular distributions of these two typical weakly bound
nuclei. It has been commonly believed that multistep effects, such
as those appearing in inelastic excitation, get smaller at high inci-
dent energies, due to the smaller collision time. Consequently, one
may argue that the seemingly weak breakup coupling effects ob-
served in the elastic scattering angular distributions of proton-rich
nuclei may be attributed to the fact that they were measured at
too high incident energies. It is interesting to see how the elastic
scattering angular distributions would be affected by the breakup
channels for weakly bound neutron rich nuclei at such incident en-
ergies. So far, measurements of the elastic scattering and breakup
cross sections with heavy targets for weakly-bound neutron rich
nuclei were all performed at energies around the Coulomb barrier.
To contribute to the discussions described above, this paper re-
ports, for the first time, measurement of the elastic scattering and
breakup reactions of 'Be on 2%8Pb at an incident energy of 140
MeV, which corresponds to about 3.5 times of the Coulomb bar-
rier (Vg ~ 39.5 MeV). Elastic scattering of °Be and '°Be + 298pb
were simultaneously measured in the present experiment, which
are important for the completion of the theoretical analysis of the
1Be data.

2. Experiment and data analyses

The experiment was performed at the Radioactive lon Beam
Line in Lanzhou [32], the Heavy lon Research Facility of Lanzhou
[33] (HIRFL-RIBLL). The secondary ?Be, 1°Be, and !'Be beams were
produced by the fragmentation of a primary '3C beam, delivered
by the HIRFL on a 4500 pum Be target at 54.2 MeV/nucleon. The
beam energies at the center of the reaction target were 88, 127
and 140 MeV for ?Be, 1%Be, and !'Be, respectively. The secondary
beams were identified using the time-of-flight (ToF) measurement
between two 50 pum thick plastic scintillators 1680 cm apart (flight
length). The beam intensities of ?Be, 19Be, and ''Be were 7 x 103,
6 x 103 and 2 x 103 particles per second, respectively. The 203Pb
target is a self-supporting foil with a thickness of 8.52 mg/cm?.
The schematic view of the detector setup is shown in Fig. 1. Two
double-sided silicon strip detectors (DSSD), SiA and SiB, are po-
sitioned at 669 mm and 69 mm away from the target position,
respectively. Their thicknesses are 74 and 87 pum, respectively, and
both have 16 horizontal and 16 vertical strips. The tracks of the
incoming particles were determined by SiA and SiB and were ex-
trapolated to the target position event by event. An array of three
AE — E particle telescopes, named Tell, Tel2, and Tel3, were used
to detect the scattered particles. Each of these telescopes consisted
of a DSSD and a single-sided detector (SSD), covering a range of
scattering angles from 5° to 27° in the laboratory system. The
detector array assembly was mounted 267 mm downstream the
target.
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Fig. 2. The two-dimensional AE — E particle identification spectra for the (a) °Be, (b)
10Be and (c) ''Be beams within all the angles covered by the current measurement.
In (c), the expected loci of '°Be beam contamination are indicated and it is well
separated from the group of '°Be breakup fragment particles.

The DSSDs in these telescopes consisted of 32 strips on each
side with 64 x 64 mm? of total active areas, and are 301, 129, and
144 pm thick for Tell, Tel2, and Tel3, respectively. They allowed
us to determine the positions of the scattered particles accurately
within areas of 2 x 2 mm?. The SSD detectors, which provided the
E signals of the scattered particles, have thicknesses of 1536, 1535,
and 1528 pum, respectively and have the same effective areas as the
DSSDs.

Typical two-dimensional AE — E particle identification spectra
for the Be, 1°Be, and 'Be beams are shown in Fig. 2 (a), (b) and
(c). Only elastic scattering events were observed for the °Be and
10Be beams, while for the ''Be beam, both ''Be and '°Be parti-
cles were observed. The latter being produced by the interaction of
TBe with the target (projectile breakup and/or transfer). As seen
in Fig. 2 (c), our telescopes can clearly distinguish the reaction
products, 1°Be, from the elastically scattered ''Be particles. This
clear particle identification has been achieved within all the an-
gles covered by our measurement. The purity of the 'Be beam is
higher than 82%. The main contaminations are °Be and !?B parti-
cles. The 1°Be particles as reaction products can be well separated
from the elastic scattering events induced by the beam contami-
nant '9Be, which centered at around 158 MeV (red-dotted gate) in
the AE — E spectrum.

A Monte Carlo simulation was used to evaluate the absolute dif-
ferential cross sections. Assuming pure Rutherford scattering at all
angles, taking into account the actual geometry of detector setup
and the beam track measured by SiA and SiB, one can obtain the
Rutherford scattering yield N(0)gy at a given 6. The elastic scat-

tering differential cross section do (0)exp as the ratio to the Ruther-

ford cross section do (6)gy is obtained by: ;::th((?) = ,’\;’((g))‘:le .
Ui Ul

The overall normalization factor was obtained by normalizing the
cross sections measured at angles smaller than 20° for the 9Be
elastic scattering to the Rutherford cross sections. At these small
angles the cross sections are assumed to be pure Rutherford. The
resulting normalization factor was, then, used to normalize the
elastic scattering cross sections for °Be and ''Be. In order to
minimize the systematic errors, small corrections for detector mis-
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Fig. 3. Quasielastic scattering angular distributions for ®10-11Be 4 208ph, The dash-
dotted, dashed and solid curves are results of optical model calculations for °Be,
10Be, and '!Be, respectively. See the text for details.

alignment were also applied. Details of the data analysis can be
found in Refs. [34,35].

The experimental angular distributions for the elastic scatter-
ing of ?Be, 1°Be and !'Be projectiles on a 2%8Pb target are shown
in Fig. 3 as ratios to the corresponding Rutherford cross sections.
The error bars are for statistical errors only. The angular distribu-
tions were obtained with an interval of 1° in the laboratory frame.
Due to the energy dispersion of the secondary beams and the in-
trinsic energy resolution of our detectors, it was not possible to
separate the inelastic events from the elastic ones. These data are
thus quasielastic in nature. Contributions from the excitation of the
lead target are assumed to be negligible, as that has been made
at several other experiments at similar incident energies [21-23].
The contribution from the excitation of the first excited state of
1Be can be estimated in CDCC/XCDCC calculations, which will be
shown in the following section. The '°Be particles downstream
of the target in Fig. 2 (c) may be products of either breakup or
neutron transfer reactions. However, cross sections of latter have
been estimated to be negligible at the present incident energy, so
these events are taken inclusively as the product of the projectile
breakup reaction.

3. Results and discussions

Comparisons between the angular distributions of the mea-
sured quasielastic scattering cross sections of °Be, 1°Be, and !'Be
from the lead target and the elastic scattering cross sections from
optical model calculations are depicted in Fig. 3. The systematic
folding model nucleus-nucleus potential of Ref. [36] is used for
9Be and !%Be. Result of optical model calculation suggests that
the quarter-point angle for the ?Be + 208Pb system is about 35°,
which is much larger than the covered angular range in our ex-
periment. At scattering angles smaller than 20°, the measured
ratio-to-Rutherford cross sections are very close to unity, which
justifies our use of this set of data to make overall normalizations
in our experiment. The angular distribution of 1°Be + 208pb sys-
tem shows a typical CNIP, as expected for a tightly-bound nucleus.
The systematic potential accounts for these data reasonably well,
as shown by the blue dashed curve. The angular distribution of
the 1Be + 208Pb system, on other hand, shows a strong damping
of the CNIP, which can not be accounted for by the systematic po-
tential. The discrepancy is attributed to the presence of long-range
absorption effects, mostly arising from the strong dipole Coulomb
breakup mechanism. This effect can be accommodated in the OM
framework in the form of a polarization potential. In the present
analysis, we have adopted the dynamic dipole polarization (DPP)
potential of Refs. [37,38] (see also [39] for a recent application
to ''Be), which accounts for the effect of the coupling to the ex-
cited states on the elastic cross section due to second-order action
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of the dipole Coulomb interaction. In the case of !'Be scattering,
the DPP contains contributions from both the 1/2~ bound excited
state as well as from continuum states and, as such, requires as
ingredient the B(E1) connecting the ground state with all these
states. In the present calculations these B(E1) values have been
computed with the particle-plus-rotor model (CEX) of Ref. [40].
This model, described below in more detail, accounts explicitly
for the 1°Be deformation and produces a dB(E1)/E distribution
in good agreement with that extracted from the Coulomb disso-
ciation experiment of Fukuda et al. [41]. Adding this DPP to the
bare '°Be + 208pPb potential, we obtain a very good reproduction
of the measured quasielastic data (solid curve). The total reaction
cross sections from these OM calculations are og = 2473, 3067,
and 7798 mb, for °Be, 1°Be, and ''Be, respectively. The extraordi-
nary large oy value of the '"Be + 298Pp system is associated with
the strong breakup channel arising from the special, weakly-bound
structure of this nucleus.

To investigate the interplay of nuclear structure and reaction
dynamics in the quasielastic scattering angular distributions, CDCC
and XCDCC calculations have been performed for the '1Be + 208Pb
system. The CDCC calculations employ a single-particle (SP) model
of 1Be, which ignores the structure of the 1°Be core. The rela-
tive motion between the halo neutron and the inert °Be core
is described with the Woods-Saxon potential of Ref. [42], which
reproduces the separation energy of the valence neutron in the
ground and the first excited state of 'Be as well as the position
of the 5/2?r low-lying resonance. A binning procedure was used to
describe the continuum states. Continuum states with maximum
orbital angular momentum #;,x = 6 and excitation energy up to
€max = 12 MeV above the breakup threshold were included.

We have also performed extended CDCC (XCDCC) calculations,
in which the effects of '°Be deformation and excitation are ex-
plicitly taken into account. In the present XCDCC calculations, the
MBe states are described using the aforementioned CEX particle-
plus-rotor model of Ref. [40], which takes into account the ground
state (0) and the first excited state (2]) of the 1°Be core. The
n-1%Be interaction contains central and spin-orbit terms with the
usual Woods-Saxon volume and derivative shapes, respectively.
Quadrupole couplings are also included by deforming the central
part with a deformation parameter B = 0.67 [43]. These cou-
plings produce admixtures of the °Be(0]) and '°Be(2])states in
the 'Be states. For example, the resultant ground-state wave func-
tion has a 88% of °Be(07) ® vs /2 configuration.

The energies and wave functions of the !1Be states are calcu-
lated with the pseudostate (PS) method [44], which consists in
diagonalizing the Hamiltonian of this composite system in a conve-
nient basis of square-integrable functions. In this work, we use the
Transformed Harmonic Oscillator (THO) basis, which is obtained
by application of a local scaled transformation (LST) to the conven-
tional HO basis. In particular, we use the analytical LST proposed in
Ref. [45], which has been already applied to ''Be in Refs. [44,46],
and the parameters used in the present calculations are similar to
those employed in that reference. The size of the basis is deter-
mined by the number of oscillator functions (N), the maximum
excitation energy (€max ), the maximum orbital angular momentum
for the core-valence motion (£max), the maximum valence + core
angular momentum (jmax) and the number of the core states. In
the present calculations we use N = 10 — 20 (depending on the
partial wave), emax = 13 MeV, £pax =9 and jpax = 13/2.

In both the CDCC and XCDCC calculations the OMP parameters
between the valence neutron and 2°8Pb are taken from the sys-
tematic nucleon-nucleus OMP of Ref. [47]. The core-target OMP
was obtained from the systematic nucleus-nucleus potential of
Ref. [36], which, as shown in Fig. 3, reproduced the '°Be + 208pp
elastic scattering data reasonably well.
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Fig. 4. Comparisons between results of CDCC (upper panel) and XCDCC (lower panel)
calculations and the experimental data of the quasielastic scattering of ''Be + 298Pb
at Ejap = 140 MeV. The dashed and dotted curves are for elastic scattering with
and without including the continuum-continuum couplings, respectively. The solid
curves are for quasielastic scattering, which are sums of elastic and inelastic scat-
tering cross sections.
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Fig. 5. Experimental differential breakup cross section for ''Be + 203Pb system at
Ejap = 140 MeV compared with the CDCC and XCDCC calculations, for the elastic
breakup part, and IAV calculations, for the NEB part. See text for the details.

The results of these calculations are shown in Fig. 4 (a) and (b)
for quasielastic scattering and in Figs. 5 and 6 for the breakup reac-
tion. As we can see in Fig. 4, CDCC and XCDCC calculations repro-
duce the quasielastic scattering data nearly equally well. A closer
inspection of Fig. 4 shows that, although the CDCC and XCDCC cal-
culations produce similar quasielastic cross sections, they predict
somewhat different elastic (and, consequently, inelastic) cross sec-
tions. As a result, the quasielastic scattering cross section, which is
the sum of the elastic and inelastic cross sections, is rather close
for CDCC and XCDCC. The same has been found for the '1Be 4 64Zn
[6] and 1'Be + '97Au [10] reactions at near-barrier energies. As ex-
plained in [6], the difference in the predicted inelastic cross section
is due to the rather different B(E1;g.s. — 1/27) values given by
the SP and CEX models used, respectively, in the CDCC and XCDCC
calculations. The importance of the breakup channels on the elastic
scattering can be assessed by comparing the one-channel (no-BU)
CDCC and XCDCC calculation, dotted line in Fig. 4, which corre-
sponds to a calculation where all couplings to the continuum are
switched off, with the full CDCC and XCDCC calculations. As can
be seen in Fig. 4 (a) and (b), the full calculations reproduce the
strong reduction of the CNIP, confirming that the strong breakup
coupling effects, which has been mostly reported for halo nuclei at
near-barrier energies, persist in the case of the ''Be halo nucleus
at incident energies several times higher than that of the Coulomb
barrier.



RIBLL Collaboration

T T e o
200 6-8 4 Lo’ i

% [ e Exp. 1120

= — EBU (XCDCC) 1

o NEB (IAV) 80

g 1o — EBU+NEB ,

S _ 40

©w
S
T

40110 120 130 140

—_—
(=)
=
O“‘
z
(=]

150 ]
o120 _
3t ,
S 90— —
g/ | 4
g 60 -
2 [ ,
©
110 140110 120 EORET
E, . (MeV)

Fig. 6. Energy distributions of the breakup fragment '°Be for the indicated angular
intervals. The orange and green arrows correspond to the estimated '°Be energies
excluding and including post-acceleration, respectively (see text for details).

The similitude between the CDCC and XCDCC results in Fig. 5
suggests that core excitations are not significant for breakup cross
section in the current reaction. This result, which is also consistent
with the findings of Refs. [6,10], is interpreted as due to the simi-
lar dB(E1)/dE distributions for continuum states predicted by the
adopted SP and CEX models. However, it becomes apparent from
Fig. 5 that the CDCC and XCDCC calculations fail to reproduce the
data for 6, > 10°. Since the (X)CDCC methods account only for
the elastic breakup mechanism, we attribute the discrepancy to the
presence of nonelastic breakup (NEB) contributions. As in Ref. [6],
the latter have been computed using the inclusive-breakup model
of Ichimura, Austern and Vincent (IAV) [1], following the imple-
mentation performed in Ref. [48]. The calculated '°Be yield arising
from NEB is shown by the dashed line in Fig. 5. It is negligible
for scattering angles below 10°, but becomes significant above this
angle. The sum of the EBU (XCDCC) and NEB contributions (solid
green line) agrees rather well with the experimental data.

We notice that the EBU contribution contains both nuclear and
Coulomb breakup contributions. With a heavy target, such as the
lead target used in this work, the breakup is however expected to
be Coulomb dominated. This has been confirmed by performing
additional XCDCC calculations retaining all nuclear couplings but
only the monopole diagonal Coulomb potential. The result, shown
in Fig. 5 by the dotted line, is significantly smaller than the full
calculations, where both nuclear and Coulomb couplings are con-
sidered, and peaks at larger angles (6, ~ 12°).

Further insight on the reaction dynamics could be obtained
from the investigation of the energy distributions of the 1°Be core,
shown in Fig. 6 for the indicated angular intervals. The experimen-
tal distributions, corrected by the energy losses in the target and
dead-layers of the detectors, are compared with the calculations
discussed earlier. For each panel, we show the EBU (XCDCC), NEB
(IAV) and their sum (for the lower angular cut, 6}, = 6 — 8° the
NEB contribution is negligible, so it has been omitted for clar-
ity). In general, the sum of the EBU and NEB contributions peak
is at about the same '9Be energy and their sum explain rather
well the measured distributions, except for some underestimation
in the magnitude.

A more detailed inspection of the outgoing energy distribution
can shed light on several dynamical aspects of the reaction. In par-
ticular, the centroid of the energy distribution and its deviation
with respect to simple kinematical considerations provide infor-
mation on the breakup dynamics [49-51]. Following Ref. [6], we
have compared the experimental centroids of the outgoing '°Be
energy distributions with those obtained in the XCDCC calcula-
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tions discussed earlier and with two simple kinematical models.
This comparison is shown in Fig. 7. In the first of such models,
we assume a binary inelastic-like process with a Q-value given by
the optimum excitation energy deduced from the XCDCC calcula-
tions. In this model, the final ''Be kinetic energy is determined
by the Q-value and the scattering angle. Further, we assume the
10Be kinetic energy is just 10/11 times the energy of the outgo-
ing 1Be. This simple estimate, indicated by the orange arrows in
Fig. 6, is found to systematically underpredict the observed 19Be
energy peak position. As in [6], we attribute this discrepancy to
the post-acceleration experienced by the '9Be fragment in the
strong Coulomb field of the high-Z target, following the projec-
tile dissociation. The presence of post-acceleration suggests that (i)
the breakup occurs mainly through non-resonant continuum states
and (ii) that the breakup takes place in the proximity of the target,
where the Coulomb force is strong. Using the arguments given in
[6], the additional kinetic energy gained by the charged fragment
(19Be) due to the post-acceleration mechanism can be estimated
as

My ZcZpe?
AE — n clt
My +me  Rpy

, (1)

where Ry, is the projectile-target separation at which the breakup
is assumed to take place, Z.; are the core and target charges
and my ¢ the neutron and core masses. As in [6], we approximate
Rpy by the distance of closest approach for the Coulomb trajec-
tory associated to the considered scattering angle. When this extra
energy is added to the previous estimate, one obtains the green
arrows displayed in Fig. 6. The latter turn out to be in very good
agreement with the peak position of the data and the XCDCC cal-
culations, as shown in Fig. 7, reinforcing the importance of the
post-acceleration effect and validating the simple kinematical pic-
ture. In Fig. 7, the dashed and solid lines correspond to the kine-
matical estimates without and with post-acceleration, respectively.
As can be observed, the calculations including post-acceleration re-
produce very well the data.

The sudden fall for 6,5 > 13° in the kinematical calculations
stems from the fact that, beyond this angle, the optimal excitation
energy is associated with the low-lying 5/2% resonance which, in
the '"Be model employed in the XCDCC calculations, is located at
Ey ~ 1.8 MeV. The XCDCC calculations reproduce also very well the
experimental values, which indicates that post-acceleration effects
are implicitly taken into account by these calculations, mostly in
the form of continuum-continuum couplings.
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4. Summary

To summarize, we have presented new quasielastic and breakup
data for the 1'Be + 208Pb system at an incident energy 3.5 times
larger than the Coulomb barrier. Elastic scattering data for the
9.10Be 4 208ph systems were also measured at similar energies. The
10Be elastic data could be well reproduced by optical model cal-
culations using potentials from a global parametrization. The !'Be
quasielastic data required an extra long-range absorptive contri-
bution, in agreement with previous studies at near-barrier ener-
gies. CDCC and XCDCC calculations, with the later accounting for
the effect of the 1°Be excitations, have been performed and were
found to reproduce quite well the ''Be + 208Ph quasielastic scat-
tering data. The strong suppression of the CNIP in the present
MBe 4 208ph quasi-elastic angular distribution is corroborated by
the CDCC and XCDCC calculations. This is somewhat unexpected,
insofar as the effects of multistep couplings should decrease with
increasing incident energy. The persistence of the strong suppres-
sion of the Coulomb-Nuclear interference peak at 3.5 times the
Coulomb barrier energy for the neutron-rich halo nucleus '!Be,
and not for the proton-rich halo nucleus, such as 8B, is an inter-
esting result that would deserve further investigation.

Comparison of the measured angular and energy distributions
of 19Be fragments with the CDCC and XCDCC calculations revealed
that these fragments are mostly produced by a EBU mechanism
(i.e. elastic dissociation). However, NEB contributions are found
to be also present in the data. This contribution has been esti-
mated with the Ichimura-Austern-Vincent model [1]. When added
to the EBU contribution, a good account of the data is obtained. A
comparison of the measured °Be outgoing energies with simple
kinematical considerations reveals also that these fragments expe-
rience a post-acceleration effect after the breakup takes place.

This work suggests that valuable experimental data are still
needed to understand the interplay between nuclear structure and
reaction mechanisms and to examine the nuclear structure and re-
action state-of-the-art theories.
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