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18O+110Pd: Measurements and realistic coupled-channel analysis in a transitional region
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The inelastic, two-neutron and α transfer and quasielastic cross sections for the 18O+110Pd system have been
measured in the near barrier region (40 MeV � Elab � 58 MeV). The experiments were performed in the São
Paulo Pelletron laboratory. Coupled-channel analysis of the experimental data was performed using the São
Paulo potential as a microscopic bare interaction. In the calculations, low-lying inelastic excitations, one- and
two-neutron and α transfers to the target were considered as the main couplings, with no extra surface absorption.
The agreement between the theoretical results and the experimental data is good. The role played by the coupled
channels is very different in comparison with similar data analyses for the closed-shell region around 58Ni.
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I. INTRODUCTION

The São Paulo potential (SPP) microscopic bare interaction
[1–3] provides a reliable starting point for the analysis of
nuclear reaction data. It is theoretically founded on the Pauli
nonlocality, which arises from quantum exchange effects. It
has been experimentally tested in a wide variety of mass
and energy regions in combination with different theoretical
approaches [4–12].

The SPP contains no adjustable parameter and, combined
with coupled-channel (CC) calculations, provides a powerful
tool for predicting cross sections for quite different systems and
energies. This procedure has been applied successfully in the
description of elastic scattering, peripheral reaction channels,
and fusion for several near closed-shell systems (particularly
around O+Ni) over a wide energy range. It has been possible,
by introduction of the low-lying channel couplings, to obtain a
good description of the data with no imaginary optical potential
at the surface region.

In the present work, with the aim to extend the success-
ful SPP/CC approach to a well-known transitional region
(A ≈ 100), we have measured the inelastic, two-neutron and
α-transfer cross sections by γ -particle coincidence for the
18O+110Pd system in the near-barrier region (40 MeV �
Elab � 58 MeV). The l = 0 barrier (V 0

B ) value is 46.6 MeV
in the laboratory system. The target (110Pd) is a neutron-
rich stable isotope for which previous experimental data
analysis on elastic and inelastic scattering of α particles
is available [13]. The γ -particle coincidence measurements
were essential for the separation of the low-lying states of
the inelastic and transfer channels. The experimental data
set was complemented by quasielastic (elastic, inelastic, and
few-nucleon transfer) differential cross sections measured by
particle detection methods in the same energy region.

The main objectives of this experiment were to learn:
(i) whether it is possible to obtain a good description of
a nuclear reaction with strong channel couplings with the
SPP bare potential; (ii) the relative importance of different

channel couplings in comparison with the nearly spherical
Ni region; (iii) which other dynamical polarization effects
might be important in the CC analysis (e.g., dissipative and
deep inelastic mechanisms).

The article is organized as follows: Sec. II presents
the experimental details, in Sec. III the experimental results
are compared to the CC theoretical calculations, Sec. IV
discusses fusion hindrance and enhancement, and in Sec. V,
the summary of the work and main conclusions are presented.

II. EXPERIMENTAL SETUP AND PROCEDURES

A. γ -particle coincidence measurements

The time coincidences of γ rays and beamlike particles
were measured for the 18O+110Pd reaction at 10 different
beam energies between 40 and 58 MeV. The 18O beam was
provided by the 8-MV Pelletron Tandem accelerator of the
University of São Paulo (IFUSP-DFN). The target used was
a self-supported 1-mg/cm2-thick enriched 110Pd (>97%) foil.
The beam-energy loss through the target is around 3 MeV.
The beamlike particles were detected by a Si surface barrier
annular detector covering the angular range between 158.6◦
and 173.2◦ relative to the beam direction (�� ≈ 0.4 sr). The
γ rays were detected by two hyperpure germanium detectors
(ORTEC, nominally 20% photopeak efficiency relative to a
3 × 3′′ NaI(Tl) scintillator) disposed at 71◦ and 120◦ relative
to the beam direction. A Si surface barrier detector monitor
was placed at 45◦ to the beam direction for normalization.
The relative γ -ray efficiencies were determined with a 152Eu
radioactive source.

Six spectra were accumulated for each run, corresponding
to the energies of each of the four detectors and the coincidence
time spectra between the γ -ray detectors and the annular
detector. Gates were set at the prompt peak of the time spectra
and at the beamlike particle energy region of the annular
detector spectrum to form the coincidence γ -ray spectra.
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Chance events were subtracted off-line by gating in the random
coincidence time region.

The relative normalization between different runs was
obtained by multiplying the number of counts of the monitor
detector by the square of the corresponding average beam
energy on the target. Assuming pure Rutherford scattering at
this fixed angle, this number should be proportional to the
integrated beam intensity. The error made in this assumption
is estimated to be less than 5% up to the highest beam energy
used, according to Coulomb excitation calculations. However,
because the target is quite thick, causing energy and angular
straggling, a wide gate has to be set in the monitor spectrum
and therefore some contamination from the degraded beam
scattered on slits, annular detector collimator, and on lower-Z
target contaminants could also be counted. These problems
are strongest at the lowest energy and reduce rapidly as the
energy increases. This results in underestimated reaction cross
sections relative to the higher energies. We estimate the error
in the relative normalization between the lowest and highest
energy measured to be no more than 15%. This is a systematic
error that could not be evaluated very precisely and, for this
reason, has not been included in the uncertainties presented in
the figures.

The coulomb excitation code GOSIA [14] was used to fit
the observed yields of the 2+ → 0+, 4+ → 2+, 2+

2 → 2+, and
2+

2 → 0+ transitions in 110Pd at the safe energies (for which
the nuclear interaction is negligible) of 40, 44, and 46 MeV.
The transition and intrinsic reduced matrix elements obtained
were consistent with the adopted values from the literature.
The angular distribution parameters, necessary for correcting
the yields at the fixed γ -detector angles, were calculated
by the code considering upper-level feeding, the geometry
and absorbers of the detectors, the integration over the beam-
energy variation through the target, and the deorientation
due to the hyperfine interaction of the recoil in vacuum.
The vacuum deorientation strongly attenuates the γ -decay
angular anisotropy. With the detector angles chosen, the
maximum error that would result by assuming isotropic
distributions was calculated to be less than 5% for all the pure
Coulomb excitation cases. For this reason, the same angular
distribution correction for each state was applied for the
higher energies and for the corresponding states of the transfer
reaction channels (112Pd and 114Cd). Figure 1 presents the
backscattered particle-gated γ spectra at two different beam
energies.

The final excitation cross sections (integrated in the angular
range of the annular detector) were obtained by normalizing
the data point of the 364-keV transition of 110Pd (2+ → 0+)
at the average beam energy of 〈Elab〉 = 42.5 MeV to the
theoretical result of the full coupled-channels calculation at
the same energy. At that energy the nuclear interaction is
negligible and the reliable Coulomb excitation cross-section
is recovered. In this manner, cross sections for the following
states were obtained: 2+

1 , 2+
2 , and 4+

1 of 110Pd; 2+
1 and 4+

1 of
112Pd; and 2+

1 of 114Cd. For the 1n transfer channel (111Pd) only
rough estimates for some of the low-lying states were obtained
due to the weakness and fragmentation of the transitions and
to the large Compton background in the energy region of the
peaks (Fig. 1).
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FIG. 1. γ -ray spectra gated by backscattered beamlike parti-
cles at the average beam energy of (a) 〈Elab〉 = 42.5 MeV and
(b) 〈Elab〉 = 51.1 MeV. The numbers in parentheses are the peak
energies in keV. The closed circles are peaks from inelastic scattering
(110Pd), open diamonds from two-neutron transfer (112Pd), closed
diamond from α-particle transfer (114Cd), and downward arrows in the
70- to 280-keV region indicate peak positions expected for one
neutron transfer (111Pd), barely seen. The bump in both spectra
observed in that same energy region comes essentially from Compton
scattering of the large 374 keV 110Pd 2+ → 0+ inelastic peak. The
open circle indicates the 2+ → 0+ inelastic peak (434 keV) from the
main isotopic contamination of the target: 108Pd (∼2.5%).

B. Quasielastic measurements with particle detection

The angular distributions were measured with the 18O
beam from the São Paulo 8UD Pelletron tandem accelerator
at 42.5, 46.0, 50.5, 51.3, 52.5, 53.5, and 55 MeV, in the
40◦� θlab � 170◦ angular range in 5◦ steps. The detection
system consists of a set of nine surface barrier detectors
spaced 5◦ apart. In front of each detector there was a set of
three collimators to avoid slit-scattered particles from reaching
the detectors. The solid angle and the angular aperture for
each detector and the target were 4.0 × 10−4sr and 0.6◦,
respectively. The thickness of the enriched (>97%) 110Pd
target was about 100 µg/cm2, evaporated onto a carbon foil
(10 µg/cm2). A layer of gold (20 µg/cm2) was evaporated on
the target for normalization. The energy resolution was about
350 keV, mainly due to the energy loss through the target.
In Fig. 2 a typical energy spectrum is shown, illustrating
the two partially separated groups (together denominated
quasielastic), one relative to elastic and the other to inelastic
and transfer processes.

III. EXPERIMENTAL RESULTS AND CC DATA ANALYSIS

A. Experimental results

In Figs. 3, 4, and 5 we present the excitation functions for
the integrated (158.6◦ < θlab < 173.2◦) cross section values
using the γ -particle coincidence method (Sec. II), for the
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FIG. 2. (a) Energy spectrum at Elab =
55 MeV and θlab = 170◦. The peaks cor-
respond to the elastic and quasielastic
scattering processes for the systems as
indicated. (b) Expansion of (a) in the re-
gion of the quasielastic peaks (dominated
by the elastic and 2+

1 inelastic excitation
peaks) for the 18O+110Pd system.

inelastic excitations (inel) of 110Pd (2+
1 , 2+

2 , and 4+
1 states),

the two-neutron (2n) transfer reactions (2+
1 and 4+

1 states of
112Pd), and the α transfer reaction (2+

1 state of 114Cd). As
shown in Fig. 3, the cross-section measurements cover an
energy interval between −7 and +9 MeV relative to the l = 0
barrier value: V 0

B = 46.6 MeV. The experimental cross-section
detection limit using the technique and procedures described
in Sec. II is about 10 µb. The 2n and α transfer reaction
cross sections are presented in Figs. 4 and 5, respectively. The
experimental uncertainties indicated in the figures are from
peak fit adjustment and statistical origins. The uncertainty in
the average energy due to the straggling of the beam through
the 1-mg/cm2 Pd target is around 1% and has been incorporated
in the theoretical calculation (Sec. III B).

The quasielastic angular distributions at Elab =
50.5, 51.5, 52.5, 53.5, and 55 MeV are shown in Fig. 6.
For the energies Elab � 52.5 MeV the experimental data
points are restricted to angles greater than θcm = 110◦ because
at these energies and for forward angles, the inelastic and
few-nucleon transfer events are somewhat contaminated by
degraded beam-scattered particles. The final differential cross
section values were obtained by data normalization at the
backward-scattering angle θ � 100◦ at the energies of 42.5
and 46 MeV for each detector. As mentioned before, at these
energies only Coulomb effects are expected (Sec. II) in the
scattering angle region investigated. Using this procedure we
estimated the uncertainties in the absolute differential cross
section values to be no more than 10%.

B. Coupled-channel data analysis for the 18O+110Pd system

For the CC data analysis we have used the microscopic
Pauli nonlocal potential known as the São Paulo potential.
Within this model the nuclear potential is

VN (R) = VF (R)e−4v2(R)/c2
, (1)

where v(R) is the local relative velocity between the colliding
nuclei and VF (R) is the double-folding potential. For a
heavy system such as 18O+110Pd, at near-barrier energies and
interacting distances around the barrier radius, the effect of the
velocity dependence in Eq. (1) is quite small (about 1%–2%).
However, with a significant overlap of the colliding nuclei,
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FIG. 3. Excitation functions for the inelastic integrated cross-
sections (158.6◦ � θ � 173.2◦) measured with the γ -particle coin-
cidence method for the 2+

1 , 2+
2 , and 4+

1 states in 110Pd at E∗ = 374,
814, and 921 keV, respectively. Most error bars are slightly smaller
than the symbol sizes. The solid lines correspond to the full CC
calculation results (inel + 2n + α + 1n). The dashed lines indicate
upper and lower limits of the full CC results due to the variation of
the deformation parameters βN (in the range indicated in Table I) and
to the beam energy straggling through the target. The effect of the
2n, α, and 1n couplings is small, and the corresponding partial results
lie within the dashed curves. The thick dot curves represent the full
CC results for βN = βC .
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FIG. 4. Excitation functions for the 2n transfer cross sections
(158.6◦ � θ � 173.2◦) measured with the γ -particle coincidence
method for the 2+

1 (open circles) and 4+
1 (closed triangles) states

in 112Pd at E∗ = 434 and 1048 keV, respectively. The solid lines
correspond to the full CC (inel + 2n + α + 1n) calculation.
The dashed lines indicate upper and lower limits of the full CC
results considering variation in the deformation parameter βN values
(Table I) and in the beam energy straggling through the target.

it gives rise to dynamical saturation effects in the nuclear
potential (equivalent to a repulsive force). In the model these
effects are due to the exchange of nucleons between the target
and projectile and are calculated in a first-order approach
(kb 	 1), where b is the corresponding nonlocality range. The
ground-state density involved in the folding VF potential was
determined experimentally for 18O [15] and based on Hartree-
Fock-Bogoliubov (HFB) calculations as reported in Ref. [3]
for 110Pd. For the sake of illustration, the equivalent Woods-
Saxon (WS) shape potential that simulates the São Paulo
bare interaction has the following parameters: V0 = 200 MeV,
r0 = 1.06 fm, and a = 0.74 fm at Elab = 46 MeV. The 18O
density was obtained experimentally through the subbarrier
quasielastic data analysis for the 18O+58Ni system as described
in detail in Ref. [16]. The large diffuseness parameter (a =
0.74 fm), as compared with other systems with 16O as the
projectile (a ≈ 0.6 fm), is due to the effect of the two extra
neutrons on the 18O density [15], relative to that for the doubly
magic nucleus. The CC calculations were performed with the
program FRESCO [17]. Some other general details concerning
the calculations are similar to those reported in Ref. [16] for
the 18O + 58Ni system, and will not be presented in this article.

The channels included in the present CC calculation
are those expected to have significant couplings to the
elastic channel, based on similar studies for the 18O+58Ni
system. Table I lists the inelastic channel excitations, and
Table II the transfer reactions included in the calculation. The
inelastic (110Pd) states were treated as collective (vibrational),
as suggested by earlier (α, α′) studies [13], and their form
factors were chosen to be the derivatives of the monopole
potential, with deformation lengths (δ) listed in Table I.
The Coulomb deformation parameters βC for the inelastic
excitations (see Table I) were obtained from the B(E2)

TABLE I. Deformation parameters used in the present CC
calculation for the 18O + 110P system. The upper and lower limits
in the βN/βC ratio corresponds to the variation interval shown in
Fig. 3 (dashed lines) for illustration of the respective sensitivity of the
calculation. See text for details.

Nucleus Transition δC(fm) βC βN/βC δN (fm)

110Pd 0+
gs → 2+

1 1.62 0.30 0.35+10
−15 0.57

110Pd 2+
1 → 2+

2 0.72 0.14 0.35+10
−15 0.25

110Pd 2+
1 → 4+

1 1.26 0.24 0.75+10
−10 0.95

110Pd 2+
1 → 0+

2 0.82 0.15 0.35+10
−15 0.29

110Pd 0+
gs → 2+

2 0.067 0.035 0.35+10
−15 0.024

18O 0+
gs → 2+

1 1.26 0.49 1.00 1.26

values reported in the literature and procedures described in
Ref. [18]. The corresponding βN nuclear potential deformation
parameters might be expected to be similar to βC , as verified for
the nearly closed-shell O+Ni systems. However, significant
discrepancies between these parameters have been reported
for transitional and deformed regions (e.g., Ref. [13]). Based
on this fact, in the present calculation, βN were assumed to
be variable parameters (Table I). The optical potential in the
elastic and inelastic channels was assumed to be identical.
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FIG. 5. Excitation functions for the α-transfer cross section
(158.6◦ � θ � 173.2◦) measured with the γ -particle coincidence
method for the 2+

1 state in 114Cd at E∗ = 558 keV. The solid line
is the full CC curve. The region between dashed lines correspond
to the deformation parameter variation presented in Table I and the
uncertainty due to energy straggling.
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TABLE II. The N,L, S, and J quantum numbers, relative
spectroscopic amplitudes (A) and factors (c2s) included in the
present CC calculation for the various transfer reactions.

Reaction N L S J A = √
c2s c2s

(18O gs, 16O gs) 2 0 0 0 0.48 0.23

(110Pd gs, 112Pd gs) 4 0 0 0 0.48 0.23

(110Pd gs, 112Pd 2+
1 ) 3 2 0 2 0.48 0.231a

(110Pd gs, 112Pd 4+
1 ) 2 4 0 4 0.32 0.11a

(110Pd gs, 112Pd 0+
2 ) 4 0 0 0 0.32 0.11

(110Pd gs, 112Pd 2+
2 ) 3 2 0 2 0.32 0.11

(18O gs, 14C gs) 1 0 0 0 2.66 7.1

(110Pd gs, 114Cd gs) 3 0 0 0 2.66 7.1

(110Pd gs, 114Cd 2+
1 ) 2 2 0 2 2.66 7.1

(18O gs, 17O gs) 1 2 1/2 5/2 1.00 1.000

(110Pd gs, 111Pd 5
2

+
1

) 2 2 1/2 5/2 0.36 0.132b

(110Pd gs, 111Pd 1
2

+
1

) 3 0 1/2 1/2 0.60 0.36b

(110Pd gs, 111Pd 1
2

+
2

) 3 0 1/2 1/2 0.37 0.14b

(110Pd gs, 111Pd 3
2

+
1

) 2 2 1/2 3/2 0.62 0.38b

aExperimentally determined in this work.
bFrom (d, p) reaction.

The spectroscopic factors for the one-neutron transfer re-
action for the 111Pd states of Iπ = 5

2

+
1 (gs), 1

2
+
1 (E∗ = 72 keV),

1
2

+
2 (E∗ = 192 keV), and 3

2
+
1 (E∗ = 195 keV), as shown in

Table II, were those from light ion reactions [19] assuming the
same normalization, as discussed in Ref. [20], for the (18O,
17O) and (d, p) reactions. This procedure was necessary due
to the difficulties to obtain acceptable precise cross sections
for the 110Pd(18O,17O)111Pd reaction at near barrier energies
by the γ -particle method (see Sec. II). The order of magnitude
of the excited states cross sections calculated (�0.3 mb) is
consistent, considering the fragmentation of the decay, with
the low number of counts in the corresponding peaks of Fig. 1.

For the two-neutron (18O,16O) and α- (18O,14C) transfer
reactions we have assumed S = 0 cluster form factors. No
sequential transfers of particles or clusters of particles were
considered in our calculations as they would give rise to
second-order interactions. Their effect on the calculated
cross sections can be regarded as negligible, considering
the accuracy of the results. The cluster quantum numbers
(N,L, S, J ), corresponding to the 112Pd and 114Cd transi-
tions, were calculated based on shell orbitals, following the
procedure described in Ref. [21]. In such conditions, the
relative spectroscopic factors c2s were chosen to be those
that better describe the experimental excitation function for
the reactions 110Pd(18O,14C)114Cd (2+

1 ), 110Pd(18O,16O)112Pd
(2+

1 , 4+
1 ) (Figs. 4 and 5), and the quasielastic data (Fig. 6),

near and below the barrier energies (〈Elab〉� 51.5 MeV),
according to the CC calculations. For the 110Pd(18O,16O)112Pd
0+

gs, 0+
2 , 2+

2 , and 110Pd(18O,14C)114Cd 0+
gs, 0+

2 , 2+
2 , 4+

2 excita-
tions, the corresponding spectroscopic factors (s.f.) were
assumed to be identical to those of one- or two-phonon states
that have been chosen as described above. The transfer s.f.
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FIG. 6. Experimental quasielastic differential relative cross sec-
tion values for the 18O+110P system at the bombarding energies of
Elab = 50.5, 51.5, 52.5, 53.5, and 55 MeV. The line conventions are:
full CC = inel + 2n + α + 1n (solid); inel only and inel + 2n (these
two nearly superposed, dot); inel + 2n + α (dash-dot). The effect
of the uncertainties in βN parameters is negligible (about 1% for
θcm > 100◦) in this inclusive data.

that have been determined and used in the present work are
listed in Table II. The real potential used in the exit channels of
the transfer reactions discussed above were derived from the
S Paulo potential model (1) using ground-state (gs) densities
from systematics based on HFB calculations as described in
Ref. [3]. Within such conditions, a large amount of extensive
CC calculations have been performed to describe simultane-
ously the γ -particle coincidence measurements and quasielas-
tic cross sections in the energy interval 42 � Elab � 58 MeV.
In the calculations, as mentioned above, only the βN real
potential deformation parameters were allowed to vary, and
about 500 partial waves were necessary to be taken into
account for convergence. In the case of γ -particle cross
sections, due to the large beam energy loss through the
target, the calculations have been performed in 10 �E steps
of 0.285 MeV for each energy to obtain reliable average
cross-section values. Uncertainties due to straggling effects in
the determination of the average beam energy were also taken
into account (dashed lines in Figs. 3, 4, and 5) and are more
relevant for energies below the barrier. The overall description
of the data (Figs. 3, 4, 5, and 6) is quite reasonable. Both
the order of magnitude of the cross sections of the different
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channels and the general tendencies are well reproduced by
the calculations. We point out the good agreement between the
full CC calculation results (solid lines) and the experimental
data for energies Elab � 1.15VB , which is compatible with
that from similar analyses for the 18O+58Ni [16]. For higher
energies, as shown for the inelastic excitations (Fig. 3), the
agreement is comparatively worse. In the 18O+58Ni case, it
has been possible to describe the experimental data with the
same good precision up to Elab≈2VB . This is probably due to
the different nuclear structure of the two target mass regions:
in the nearly spherical 58Ni only the one- and two-phonon
states are available below E∗ = 2.5 MeV, whereas for the
transitional 110Pd, with many other states in the same energy
region, additional couplings should be taken into account as the
bombarding energy increases. In the present CC data analysis,
as mentioned before, no imaginary optical potential has been
used in the surface region, indicating that other dynamical
polarizations such as friction and deep inelastic collisions are
higher-order effects as compared with those included in the
present calculations. Some interesting features of the present
CC calculations should be mentioned:

(i) The data obtained with the γ -particle coincidence
method were essential for the CC calculation to define
the 2n transfer spectroscopic factors at low energy
and to characterize the region of “reasonable” βN

parameters, whereas the quasielastic data (with less
sensitivity to the inelastic and transfer couplings) were
fundamental for defining the main couplings to the
elastic channel.

(ii) A high sensitivity to the bare potential of the CC data
analysis was observed. Indeed, a variation of about 15%
in the diffuseness parameter (a) of the equivalent WS
shape bare potential strongly deteriorates the agreement
with experimental data.

(iii) With the precision of the experimental data, particularly
those from the γ -particle coincidence method, it was
not possible to determine the potential deformation
parameters βN with high accuracy (see Table I).
The sensitivity to the βN parameters is enhanced
for energies above the barrier. Even considering the
uncertainties, they are relatively small as compared
to the corresponding βC values. This behavior is also
observed in the 110Pd (α, α′) [13] data analysis and
others [22] but has not been detected in the nearly
spherical 58Ni region, where βN ≈ βC , as expected.
In the present analysis, the agreement with the data
sharply deteriorates for βN ≈ βC (see Fig. 3). However,
as discussed in Ref. [23] (which is based on Satchler’s
theorem [24]), there are large ambiguities in the nuclear
deformation parameters when they are extracted from
optical potential or folding model analyses. The exper-
imental nuclear multipole matrix elements, however,
show much greater consistency when compared with
their corresponding Coulomb matrix elements. This
point remains to be investigated in future work.

(iv) The role played by the two-neutron transfer couplings is
relatively small in comparison with the similar CC data
analysis in the 58Ni region. Probably, this effect is due to

the pairing correlation that is somewhat deteriorated in
the A ≈ 100 transitional region, due to the proximity
of the neutron and proton shell orbitals. This fact is
also consistent with the relatively small s.f. values
for the two-neutron transfer reactions (≈0.1−0.2), in
comparison with those in the Ni region.

(v) The significance of the α-transfer channel couplings
in the full CC calculation was evidenced by the
quasielastic results (Fig. 6). This behavior has not been
detected in the Ni region.

(vi) Particularly for near- and below-barrier energies, the
calculations predict a considerable importance of
one-neutron transfer couplings in the CC calculation
(Fig. 6).

(vii) Despite the appreciable β-deformation values for in-
elastic states and low excitation energy (E∗ < 1.0
MeV), the full CC calculation is determined not only
by inelastic couplings, as the transfer channel couplings
also play an important role.
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FIG. 7. (a) The fusion cross sections for the 18O+110Pd system as
predicted from the present CC data analysis. (b) and (c) Experimental
fusion cross sections obtained with γ -ray detection method (closed
circles), for (a) 18O+92Mo and (b) 16O+92Mo [25]. The lines
correspond to the CC calculation results considering: no-coupling
(dash); inel only (dot); inel + 2n (dash-dot-dot); inel + 2n + α (dash-
dot); and inel + 2n + α + 1n = full CC (solid).
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IV. DISCUSSION ON FUSION HINDRANCE AND
ENHANCEMENT IN THE 18O+110Pd SYSTEM

As a consequence of the CC quasielastic data analysis
performed for the 18O+110Pd system, fusion cross sections
can be predicted for this system (Fig. 7) in the energy interval
41 < Ecm < 50 MeV. Unfortunately, there are no experimental
data available to compare with the theoretical predictions.
However, consistent with the present CC data analysis, the
theoretical calculations predict a small contribution of the
two neutron transfer couplings for near barrier energies. No
fusion cross section hindrance with relation to the no-coupling
(bare) results (see dashed line in the figure) is predicted,
a completely different behavior when compared with that
for the 18O+58Ni system, where the 2n transfer coupling
gives rise to fusion hindrance for energies slightly above the
barrier. The 1n and α couplings in the fusion channel are
important particularly for near- and below-barrier energies. For
above-barrier energies the fusion cross section is determined
by the no-coupling results, with a very small contribution of
the α-transfer coupling. The subbarrier enhancement relative
to the bare results has an important contribution, as expected,
from inelastic couplings, which is complemented by the
transfer couplings. The enhancement, as shown in Fig. 7(a), is
about 1–2 orders of magnitude greater in comparison with the
bare results, in the low-energy region.

Figures 7(b) and 7(c) show experimental fusion cross
sections for the nearly closed-shell systems 16,18O+92Mo
[25], for comparison purposes. The theoretical no-coupling
calculations for the fusion channel (dashed lines), using the pa-
rameter free São Paulo potential as the bare potential, are also
shown in the figure. The experimental data points below the
barrier are close to the theoretical bare results, considering the

error bars, suggesting a small sub-barrier fusion enhancement.
For the system with 18O beam there in an indication of fusion
hindrance slightly above the barrier as in the Ni region system.

V. SUMMARY AND CONCLUSIONS

In this work we present a realistic CC data analysis
with the São Paulo potential as the bare interaction in the
A ≈ 100 transitional region. The experimental data obtained
with a combination of the γ -particle coincidence method
(low-lying excited states of the inelastic and transfer processes)
and inclusive quasielastic cross sections (particle detection
method) allows us to determine the relevant deformation
parameters and transfer spectroscopic factors. Within these
conditions, we performed a consistent CC description of the
experimental data. Our results show a quite different role
played by the channel couplings relative to a similar data
analysis in the nearly spherical region (58Ni). Our studies
also show that more systematic experimental examples are
necessary in the transitional and deformed regions, and there is
room to improve the experimental methods used in the present
work.
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