
PHYSICAL REVIEW C 87, 014619 (2013)

Fusion cross sections of 8B + 28Si at near-barrier energies
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Fusion cross sections were measured for 8B + 28Si at near-barrier energies by detecting the alpha particles
produced in the evaporation process. The results present a small suppression with respect to one-barrier penetration
model predictions, which could be attributed to incomplete fusion processes and do not differ appreciably from
fusion cross sections obtained with weakly bound but stable projectiles on the same target. Comprehensive
comparisons of fusion cross sections at sub- and near-barrier energies with various light weakly bound projectiles
support a simple tunneling probability with slight modifications due to coupled-channel effects.
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I. INTRODUCTION

Fusion of two nuclei can in principle be understood as
a quantum tunneling effect of two structureless objects in
a potential depending only on the distance between their
centers [1]. Under this scenario it can be described by one-
barrier penetration models (BPM) [2]. However, at near-barrier
energies and for complex nuclei, the influence of static and
dynamic effects, relevant to the detailed structure of both
projectile and target nuclei [3] and the reaction mechanisms
involved [4], strongly alter this image, and fusion cross
sections below and near barrier energies can be interpreted
via coupled-channel formalisms [5,6]. It is expected that for
exotic nuclei the influence of a neutron (proton) halo or skin
will enrich our knowledge relevant to the structure and reaction
mechanisms [7–11] but also will lead to the appropriate
evidence for producing drip-line nuclei and superheavy ele-
ments. While our knowledge on fusion with neutron-rich light
projectiles starts to build up [12–18], studies with proton-rich
nuclei are scarce. Only one fusion measurement at sub-barrier
energies on 8B + 58Ni was recently reported [19].

8B is a proton drip-line beta-decaying nucleus, attracting
strong interest due to its role in the production of high-energy
neutrinos in the sun [20–23] and its unusual structure with
a possible proton halo [24,25]. The last issue is still in an
exploratory stage since the Coulomb force may prevent the
growth of the halo at distances out of the Coulomb radius.
Therefore it is interesting to test the behavior of this nucleus
in a fusion process and compare it with that presented by
other weakly bound nuclei on various targets. It should be
noted that the first fusion measurement reported for both sub-

and near-barrier energies [19] very large fusion cross sections,
compatible with a BPM prediction only after an elongation
of the interaction radius by ∼26%. This experimental finding
should be confronted also for other targets.

In general, studies with 8B are scarce, as this beam is
produced in flight only in a few laboratories and with low
intensities. Therefore special tools had to be invoked to
perform a fusion measurement. Adopting the idea of total
reaction cross-section measurements, where a silicon detector
is used as an active target and the detector itself acts as a
calorimeter, we have proceeded with a fusion measurement of
8B + 28Si at near-barrier energies between 20 and 35 MeV.
This type of technique was developed by Warner and collab-
orators [26–28] for total reaction cross-section measurements
but it was applied mainly for intermediate energies for stable
and exotic nuclei [29–33]. Very recently it was adopted for
near-barrier energies with lithium projectiles [34,35]. The
results were promising and gave the boost for applications
with radioactive beams.

The present fusion measurement is based on the assumption
that, during the collision of 8B with silicon, neither the breakup
nor a transfer process can produce alpha particles, but an
evaporation process can. The transfer of three protons and
a neutron to silicon is considered highly improbable, and in
any case the high Q value of the reaction (Q = 12.3 MeV)
guarantees the discrimination between alphas from transfer
and alphas from fusion. A transfer of a deuteron with Q =
3.26 MeV leads to 6Be which in turn could give alphas with
energies overlapping the fusion ones. However, according to
preliminary calculations this probability is very small, and the
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contamination could be less than 3%. By using a stack of three
detectors instead of one, the discrimination of alpha particles
from other reaction events was possible via a conventional
�E-E technique, which also prevented any contribution from
frame scattering, a usual problem in this type of measurements.
For the pileup rejection, special techniques were adopted and
will be described. In Sec. II we present the experimental
technique and the beam production; in Sec. III, the data reduc-
tion and the cross-section determination; in Sec. VI, coupled-
channel calculations; while in Sec. V, we present comparisons
with other weakly bound nuclei and the relevant discussion.

II. EXPERIMENTAL DETAILS

A. Secondary beam

The 8B secondary beam was produced at the EXOTIC
facility [36] at Laboratori Nazionale di Legnaro (LNL-Italy)
of the Istituto Nazionale di Fisica Nucleare by means of
the in-flight (IF) technique and the reaction 3He(6Li,8B)n
(Q = −1.97 MeV). The 6Li+3 primary beam was delivered
from the LNL-XTU Tandem Van de Graaf accelerator with
intensity of ∼150 pnA and at the energies of 42.6 and
49.4 MeV. The primary beam was directed to a 5 cm long
gas cell with 2.2 μm thick Havar foils, filled with 3He at a
pressure of 1 bar at temperature of 90 K corresponding to an
effective thickness of 2 mg/cm2.

The selection, separation, and focusing of the secondary
beam were achieved by a quadrupole triplet, a 30◦ bending
magnet, a 1 m long Wien filter and a second quadrupole
triplet. Downwards across the beam line and 88 cm before the
secondary target was set one parallel plate avalanche counter
(PPACA) and at 35 cm a second one (PPACB), which were
used as to improve and monitor the beam spatial profile before
and during the measurement. The beam spatial profile at the
target position was defined from an appropriate sequence of
slits and collimators with a minimum aperture of 12 mm, in
a configuration identical with the one described in Ref. [37].
The beam spot at the target position as determined from the
beam reconstruction with the aid of the two PPAC detectors
was estimated to be ∼10 to 12 mm, a little larger than that
experimentally deduced in Ref. [37], i.e., ∼9 mm in diameter
for a 17F beam. The beam-purity optimization was achieved
by recording the energy spectrum of the secondary beam
at different Si detectors placed across the EXOTIC beam
line. In Fig. 1, the energy spectrum of the secondary beam
can be seen as recorded from the end-channel Si detector
placed at the target ladder. The purity of the secondary beam
was at maximum 44% to minimum 31%, depending on the
simultaneous presence of the contaminant 7Be4+ [∼20%,
produced via the reaction 3He(6Li,7Be)d] and 6Li3+ scattered
primary beam (18%). A beam of 3He was collected, as a
byproduct of elastic scattering in the primary gas target at
a level of 34% to 43% purity. For most of the runs the 7Be
contaminant beam was reduced below 1% with an appropriate
handling of both the 30◦ bending magnet and the Wien filter.
The transmission of the facility was smaller than the original
value (1.35 %) quoted in Ref. [38] due to improvements on
the beam optics and beam profiling achieved by adding extra
collimator sets and the two PPAC detectors.
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FIG. 1. A typical beam spectrum obtained in a beam monitor at
the target ladder.

B. Experimental setup

A schematic layout of our setup is presented in Fig. 2.
All the incident beam particles are going through two PPAC
detectors, positioned before and after the entrance of the beam
in the chamber, and are stopped in a Si three-stage telescope set
at zero degrees (E1 ∼ 45 μm, E2 ∼ 45 μm, E ∼ 2000 μm),
which is used both as a target and as a detector. The beam is
stopped before the third stage of the telescope. A coincidence
requirement is applied between PPACA, PPACB , and the OR

of the three stages of the telescope. Times of flight(TOF)
are recorded between PPACA as well as between PPACB

and the three stages of the silicon telescope. The first TOF
was utilized for reaction and projectile discrimination, while
the latter for scattering event rejection as well as spurious
event rejection due to the implantation of the radioactive
projectile. 8B nuclei with a half-life of 750 ms beta-decay
to 8Be which is populated mainly to its first excited state
at ∼3 MeV and which finally decays to two alpha particles.
Home-made preamplifiers coupled with the low-resistivity thin
silicon parts of the telescope allowed a time resolution in our
system of the order of 2 ns (FWHM for a TOF between PPACA

88cm

FIG. 2. A schematic setup of the 8B + 28Si fusion experiment.
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FIG. 3. A typical TOF spectrum obtained in the reaction
8B + 28Si. The main peak corresponds to the 8B beam at 35 MeV.
The boron beam projectiles cover the distance between PPACA to E1
in 58 ns.

and first stage of the telescope). A typical spectrum appears
in Fig. 3. Special care was taken for pileup rejection. We
have obtained pileup rejection between two time-contiguous
boron pulses and alpha-particle pulses from the boron decay
with resolving time less than the pulse rising time, that is,
15 ns. Our techniques will be comprehensively presented
in a forthcoming paper, while some relevant points will be
described below.

In a first approach, similar to one applied in Ref. [35],
the preamplifier signal was fed to a timing filter amplifier
(TFA) with output pulse rise time of 20 ns and subsequently
to a single constant fraction. The same signal was used to
create the delayed START and the STOP signal in a conventional
time-to-amplitude converter (TAC). Comparison of the energy
spectrum with this timing spectrum allowed us to reject pileup
events in the timing range of 50 ns to 5 μs. In a second approach
by using a home-made constant-fraction discriminator [39]
having two fractions of discriminations, one at 30% and the
other at 80%, we were able to reject pileup events arriving
even between 10 to 20 ns. Finally, in a third approach, the TFA
signal was fed to a home-made fast stretcher (FS) module of
the INFN Milano, used for the BaF2 signals [40], that gives
two outputs: a slow and a fast one. The comparison of these two
signals allowed a further reduction for pileup events arriving
between 20 and 500 ns.

III. DATA REDUCTION AND ANALYSIS

For the determination of fusion cross sections we have been
exploiting the fact, that during the collision of the proton drip
nucleus 8B with the silicon target, alpha particles are produced
mainly via evaporation. Therefore for our data reduction,
two-dimensional plots were formed for the alpha-particle
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FIG. 4. A typical two-dimensional spectrum between the energy
in the first silicon detector, E1, vs the deposited energy in the sum of
the other two detectors, E2 + E3.

identification E1 % E2 + E3 (E1 ∼ 45 μm, E2 ∼ 45 μm,
E3 ∼ 2000 μm). A typical spectrum is displayed in Fig. 4.
Alphas were integrated with a contour in the bidimensional
spectrum, a TOF window on boron projectiles, and a contour
on the beam spot on the target. A small contamination in the
TOF window of the boron beam from lithium projectiles was
estimated to give only a ∼0.25 % contribution on the produced
alphas due to lithium collisions, while the contribution due to
beryllium collisions was almost zero. Alphas were normalized
to the boron beam particles, and evaporation reaction proba-
bilities relevant to the alpha channels at each projectile energy
E were formed as follows:

P (E′) = Nα

N8B−beam
. (1)

Alpha-evaporation integral cross sections were formed by the
following formula:

σI (E′) = m ln[1 − P (E′)] × 1031

ρNARmax
mb. (2)

where m is the mass of the target in amu, P (E) is the
evaporation reaction probability, ρ is the density of the target
material in gr/cm3, NA is the Avogadro number, and Rmax is the
range of boron particles in the target material in μm. The above
quantity measured with this method is an energy-integrated
cross section which is related to the alpha-evaporation cross
section, σα , via the relation

σI (E′) =
∫ E′

0 σα(E)(dR/dE)dE∫ Rmax

0 dR
. (3)

The α evaporation cross sections σα(E) can be unfolded
from the above relation via recursion relations as explained
in Ref. [34]. Our results are included in Table I and are
compared with CASCADE calculations [41], displaying a very
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TABLE I. Measured alpha-production cross sections for
8B + 28Si, σ meas.

α , are compared with cascade calculations, σ cascade
α .

Assigned errors include a statistical uncertainty and an uncertainty
due the probability fits. R is the ratio of proton channels vs alpha
channels in the evaporation procedure, as estimated from cascade
calculations. Finally in last column appear the complete fusion cross
sections, σ meas.

CF determined in this work, taking into account this ratio.

Elab (MeV) σ meas.
α (mb) σ cascade

α (mb) R (%) σ meas.
CF

35 780 ± 28 741 20 940 ± 36
30 557 ± 21 531 63 864 ± 34
25 395 ± 18 454 68 761 ± 30
20 322 ± 13 291 90 553 ± 22

good agreement with them. This justifies an estimation of
the proton multiplicity in the same evaporation context. The
estimated ratios of proton channels to alpha channels are also
included in Table I, and finally the experimental fusion cross
section are presented in the same table and displayed in Fig. 5.
It is expected that in this measurement the observed alphas
are coming under an evaporation process related to complete
fusion, but not excluding the part of evaporation of a compound
created by the fragment of boron, 7Be, with silicon. This last
part corresponding to incomplete fusion is estimated via the
breakup kinematics and cascade calculations to account only
for 6% of the total fusion cross section. Therefore the present
results could be taken to be closer to total fusion cross sections.
It should be noted here that by total fusion we mean the sum of
complete and incomplete fusion, by complete fusion we mean
the fusion of the whole projectile and the taget nuclei, and by
incomplete fusion we mean the partial fusion of one part of
the projectile and the target nucleus

The α -production results are compared in Fig. 6 with
previous data obtained mainly from 6Li and 7Li projectiles
on various targets, and a few results of 6He on 209Bi and
64Zn, as appear in Refs. [42,43]. The remarkable fact that all
data points, except the ones originating from 6He, fall upon

σ F
(m

b)

Elab(MeV)

no coupling

+ 2+, 4+,3-

+(8B, 7Be)

+(8B, 7Be) complete

FIG. 5. (Color online) Present fusion cross sections are compared
with coupled-channel calculations.

σ α 
(m

b)

E/VC.b.

8B +28Si
6Li +28Si
6Li +208Pb
6Li +118Sn
6Li +120Sn

6Li +58Ni
7Li +28Si
6He +209Bi
6He +64Zn

FIG. 6. (Color online) α-production cross sections due to fusion
of 8B + 28Si are designated with stars. Present results are compared
with previous data of α production of 6,7Li and 6He on various
targets. The figure has been reproduced from Refs. [42,43], where
the previous results were taken from Refs. [16,44–47].

the same universal curve was underlined in Ref. [42]. Even
more interesting is that the present results, designated with
solid stars, follow the trend of the universal curve but in a
reduction of the order of ∼20%; this is well understood, as
the boron particles are the only projectiles in this curve that do
not produce alpha particles in a breakup process but only in a
fusion process.

IV. COUPLED-CHANNEL CALCULATIONS

Coupled reaction channels (CRC) calculations were per-
formed using the code FRESCO [48]. Inelastic excitations of
the 1.78 MeV 2+, 4.62 MeV 4+, and 6.87 MeV 3− states
of 28Si were included. The B(Eλ) values were taken from
Refs. [49–51] for λ = 2, 3, and 4, respectively. The real nuclear
potential was obtained using the double-folding model and
the M3Y interaction, with nuclear matter densities obtained
from Ref. [52] for 8B and derived from the nuclear charge
density of Ref. [53] by unfolding the proton charge distribution
and making the isoscalar assumption, ρN = 1 + (N/Z)ρp, for
28Si. The imaginary potential was of “interior” Woods-Saxon
form with parameters W = 50 MeV, Rw = 1.00 × (A1/3

p +
A

1/3
t ) fm, and aw = 0.3 fm to simulate the ingoing-wave

boundary condition. Nuclear transition potentials were also
calculated using the double-folding procedure with Tassie
model transition densities [54] defined as

g(r) = dρN (r)

dr
(4)

and normalized such that

MN =
∫ ∞

0
g(r)rL+2dr, (5)
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TABLE II. States in 29P coupled to in
the CRC calculations.

Ex (MeV) J π

0.00 1/2+

1.38 3/2+

1.95 5/2+

3.45 7/2−

4.34 3/2−

where, for nuclei with ground-state spin-parity 0+, MN is
the nuclear reduced matrix element, given by MN = (1 +
N/Z)Mp and Mp = √

B(Eλ), again making the isoscalar
assumption. All double-folding potentials were calculated with
the code DFPOT [55].

Single-proton stripping to the 3/2− ground and 1/2− first
excited states of 7Be and the 29P states given in Table II was
also included.

The 〈8B|7Be + p〉 form factors were taken from Ref. [56]
while the 〈29P|28Si + p〉 form factors were taken from
Ref. [57]. The exit partition potential was again of double-
folded real plus interior Woods-Saxon form, the 7Be density
being taken from Ref. [52] and the 29P density calculated using
the liquid-drop model of Ref. [58]. Ground-state reorientation
and coupling to the 1/2− first excited state of 7Be were also
included, taking the B(E2) value from Ref. [59] and again
using double-folded nuclear transition potentials making the
isoscalar assumption.

The results are compared with the data in Fig. 5. It is seen
that the inelastic couplings leave almost unaffected the one-
barrier calculation, while couplings to one-proton transfer are
suitable for reducing the cross section closer to the data. This
reduction is only in the range of 2% to 5% depending on
the energy. As the uncertainty assigned to the data is large
and the incomplete fusion part was not disentangled in this
measurement, it is not useful to make any further discussion
on the subject. Moreover, as was found in Ref. [9], total fusion
cross sections for weakly bound systems are not affected by
the breakup process at energies above the Coulomb barrier.

V. COMPARISONS WITH OTHER WEAKLY BOUND
PROJECTILES

To answer the general question, what is the difference
in the fusion cross section produced by weakly bound but
stable projectiles and drip-line ones, neutron rich or proton
rich, we will try in the following to benefit from comparisons
of different projectiles on various targets. Comparison will
be made between 6Li, 7Li, 6,8He, 7,9Be, and various targets:
28Si, 27Al, 60Zn, 208Pb, 209Bi, and 238U. Comparisons will
be also made with the previous data on 8B + 58Ni. A fair
comparison has to exclude at least the static effects between the
various projectiles and targets, taking into account variations
for the radii RB , barrier heights VB , and also the thickness
of the barrier closely related to the curvature, h̄ω. All these
components are directly affecting the tunneling probability.
To take into account all these parameters we decided to use

the prescription described in Ref. [60], which is originated by
the Wong model. In that respect the comparison is susceptible
to the limitations of this model; however, in the following
we will show the advantage of using this prescription. In this
comparison we also took care to do comparisons between
similar types of fusion cross sections. Therefore we have
grouped the measurements in three categories: total, complete,
and “complete to total” fusion cross sections. The “complete
to total” fusion cross sections refer mainly to complete fusion
cross sections where the incomplete part was not disentangled
from the complete part, and therefore some mixing may occur.
The present fusion cross sections belong to this last category
and, since incomplete fusion is estimated to be small, they can
be considered to be “almost” total fusion cross sections.

Wong obtained for the fusion cross section the following
analytic expression, approximating the barrier by a parabola
(an inverted harmonic oscillator potential) and neglecting the
variation of the barrier radius with angular momentum:

σW
F = R2

B

h̄ω

2Ec.m.

ln

[
1 + exp

(
2π (Ec.m. − VB)

h̄ω

)]
. (6)

Into this scheme the fusion cross sections σF and the energy
Ec.m. of the projectile can be reduced by using the following
formulas:

σF → F (x) = 2Ec.m.

h̄ωR2
B

σF , (7)

corresponding to an energy Ec.m. of the projectile reduced to
the quantity x given by the equation

Ec.m. → x = Ec.m. − VB

h̄ω
. (8)

Fusion functions F (x) as a function of x were determined
for all data via the above relations. Curvatures (h̄ω), radii
(RB), and potential heights (VB) were deduced by using the
Christensen-Winther potential [61], and the obtained values
are included in Table III. The reduced fusion cross sections

TABLE III. The potential height, radius, and curvature for various
sytems considered in this work, taking into account a Christensen
potential [61].

Reaction RB (fm) VB (MeV) h̄ω

8B + 28Si 7.935 11.67 3.662
8B + 58Ni 8.772 21.258 4.38
6Li + 28Si 7.932 7.008 3.223
6Li + 90Zr 11.477 18.703 3.521
6Li + 209Bi 11.04 30.534 5.148
9Be + 27Al 8.269 8.353 2.955
9Be + 209Bi 11.364 39.131 4.7
9Be + 208Pb 11.351 39.173 4.704
10Be + 209Bi 11.483 39.227 4.456
11Be + 209Bi 11.6 38.857 4.226
4He + 197Au 10.66 20.032 5.219
6He + 64Zn 9.194 8.742 3.197
6He + 197Au 11.127 19.25 4.147
6He + 238U 11.55 21.65 4.284
6He + 209Bi 11.259 19.761 4.171
8He + 197Au 11.477 18.703 3.521
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F
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8B +28Si
8B +58Ni
6He +197Au
8He +197Au
6He +238U
11Be +209Bi

uff

FIG. 7. (Color online) “Complete to total” fusion functions,
calculated via relations (1)–(3) and the parameters included in
Table III, for various projectiles and targets, are compared with
the present data on 8B + 28Si, and the universal function, uff,
designated with the dotted-dashed line. The previous data are
taken from 8B + 58Ni [19], 6,7He + 197Au [18], 6He + 238U [15],
6He + 64Zn [16], and 11Be + 209Bi [14]. It should be noted that the
adopted fusion cross sections in this comparison are considered in the
literature as complete fusion cross sections, but the incomplete part
was not measured. Therefore they may include a small incomplete
fusion part.

for selected systems studied previously and the present results
are compared in Figs. 7, 8, and 9 together with the universal
fusion function (uff) defined also in Ref. [60] via the relation

F0(x) = ln[1 + exp(2πx)]. (9)

F
(x

)

x

6He +209Bi

9Be +209Pb

6Li +209Bi

uff

6Li +90Zr

9Be +209Bi

6He +64Zn

FIG. 8. (Color online) Complete fusion functions, calculated via
relations (1)–(3) and the parameters included in Table III, for various
projectiles and targets, are compared with the universal function,
uff, designated with the dotted-dashed line. The previous data are
taken from 6He + 209Bi [13], 9Be + 208Pb [64], 9Be + 209Bi [14],
6Li + 209Bi [64], and 6Li + 90Zr [66].

F
(x

)

x

6Li +28Si
7Li +28Si
9Be +27Al

uff

10Be +209Bi
8B +28Si
4He +197Au

FIG. 9. (Color online) Total fusion functions, calculated via
relations (1)–(3) and the parameters included in Table III, for various
projectiles and targets, are compared with the universal function, uff,
designated with the dotted-dashed line. The previous data are taken
from 6,7Li + 28Si [63], 9Be + 27Al [65], and 10Li + 209Bi [14].

It is obvious that, in principle, all data obtained with stable or
radioactive weakly bound projectiles follow the same trend of
the uff curve and only occasionally present large deviations,
possibly due to the measurement uncertainties. A part of these
deviations should be related to dynamical effects such as
couplings to continuum and/or to transfer, as comprehensively
explained by Gomes et al. in Ref. [62]. At the higher energy
part, the complete fusion data, Fig. 8, as well as to some extent
the “complete to total” fusion data, Fig. 7, present the standard
suppression due to the missing incomplete fusion part. On the
other hand, the total fusion results, Fig. 9, are very compatible
with the uff one-barrier penetration calculation.

Further on, our results are not compatible with previous
results on 8B + 58Ni in the overlapping energy region and
therefore to a large fusion radius, such as the ones reported
for the nickel target. Of course, this conclusion is susceptible
to any problems originating from the type of comparison.
The large cross sections obtained in the 8B + 58Ni fusion
reaction below and above the barrier have been explained in
Ref [19] via a model based on an angular momentum limit.
However, the differences seen between the two targets are not
straightforward, and this fact needs further investigation.

As a general comment we can point out the remark-
able fact that most of the data for, e.g., 6He + 238U [15],
6He + 209Bi [13], and 6,8He + 197Au [18], present excel-
lent compatibility with results of weakly bound but sta-
ble projectiles such as 6Li + 28Si [63], 6,7Li + 209Bi [64],
9Be + 208Pb [64], and 9Be + 27Al [65], well bound stable
projectiles such as 4He + 197Au [18], and the present results
of a proton drip-line projectile and the universal curve in
a BPM formalism. Only some of the data scatter above
and below the uff curve, creating a deviation band of 60%.
These deviations need further investigation, as they may have
been caused by special features of the measurements. For
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all data, small deviations between the data and the uff curve
could be attributed to coupled-channel effects [60,62]. In the
present study, preliminary coupled-channel calculations, e.g.,
one-proton transfer couplings, predict small deviations of the
order of 2% to 6%. The large error of the data, however, does
not allow further speculation on this subject.

VI. SUMMARY AND CONCLUSIONS

We have measured alpha production cross sections for the
system 8B + 28Si by means of an active target technique, and
subsequently obtained fusion cross sections at near barrier
energies with the aid of CASCADE calculations. These results
were compared with previous fusion data obtained by various
weakly bound neutron-rich light projectiles, either stable or
radioactive ones, after they were appropriately reduced in
energy and cross section [60]. The reduction was based on
a potential, obtained in a systematic fit by Christensen and
Winther [61]. The results indicate the following outstanding
conclusions.

Despite its proton halo nature, 8B fuses with 28Si at near-
barrier energies, in the same way as other weakly bound but

stable projectiles on the same or similar targets, following,
in principle, fusion of two nuclei, described by one-barrier
penetration tunneling. Small deviations are due to coupling
channel effects. It is remarkable that the same conclusions
can be drawn from the comparison of fusion cross sections
obtained by various neutron-rich stable and exotic light nuclei
with various medium or heavy targets. As was suggested in
Refs. [15,63] and recently supported in [17,18], if the transfer
channel is properly subtracted and if, for comparison purposes,
reduced cross sections and energies are deduced properly [17],
then the above conclusion may be general for all light weakly
bound projectiles.
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