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Hindrance of complete fusion in the 8Li + 208Pb system at above-barrier energies
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The 211,212At yields resulting from the interaction of the radioactive projectile 8Li with a 208Pb target have
been measured at energies between 3 and 8.5 MeV above the Coulomb barrier. They are signatures for
fusion of the whole charge but not necessarily the whole mass of the projectile, so they are included in a
corresponding operational definition of complete fusion. Within this definition, a fusion suppression factor of
0.70 ± 0.02 (stat.) ± 0.04 (syst.) is deduced from a comparison to a one-dimensional barrier-penetration-model
calculation using parameters extrapolated from values for 6,7Li + 209Bi and 9Be + 208Pb taken from the literature.
Possible incomplete fusion processes are discussed and the results are fitted with a phenomenological model
assuming breakup prior to fusion followed by capture of a 7Li fragment.
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I. INTRODUCTION

Lately much work has been done with weakly bound
light nuclei, both stable and short-lived, i.e., radioactive. The
6He + 209Bi system, for instance, has been found to present
extremely interesting features. Because of the weakly bound
neutron-halo nature of the 6He projectile, the direct trans-
fer/breakup processes dominate in the energy region below
the barrier [1,2], leading to enhanced reaction cross sections.
In fact, this feature seems to be a general signature of systems
with neutron-halo nuclei [3]. Similarly, the proton-halo system
8B + 58Ni also recently was shown to display enhanced
reaction cross sections below the barrier [4], but in this case the
process is most probably driven by projectile breakup. Direct
reactions also have been observed to be quite important near
the barrier for stable but weakly bound projectiles [5]. The
above scenario contrasts with observations for more normal,
tightly bound nuclei for which fusion nearly exhausts the total
reaction cross section at sub-barrier energies [6,7].

Breakup seems to dominate in the vicinity of the Coulomb
barrier for many systems having loosely bound projectiles
(though not the neutron-halo systems as mentioned above).
The complete fusion (CF) cross sections, where the target
absorbs the entire projectile, have been observed for some
systems to present an above-barrier suppression with respect
to bare (no-coupling) one-dimensional barrier-penetration-
model (BPM) calculations, possibly due to breakup effects.
Another possible effect of breakup on fusion (in addition
to reduction of the fusion yield) might be the occurrence of
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“incomplete fusion” (ICF) [5], i.e., the absorption of a portion
of the projectile.

For neutron-halo systems, the most important component of
direct reactions seems to be neutron transfer channels with only
a small contribution from breakup. This has been shown exper-
imentally, e.g., for 6He + 209Bi [8–10] and 6He + 65Cu [11],
and substantiated by calculations for other systems [3].
Neutron-transfer couplings also can produce a fusion
hindrance above the barrier [12]. In fact, Keeley et al. [3]
concluded that the total fusion (TF) of neutron-halo systems
consistently shows an above-barrier suppression with respect
to BPM calculations. This has been confirmed in the more
recent analysis of Canto et al. [13], who, in addition, argue
that for these systems TF ∼ CF, so the same conclusion should
hold for CF.

Distinguishing between ICF and CF is quite challenging
from both the experimental and the theoretical point of
view (for recent reviews see Refs. [3,5]). A few experi-
ments have been performed where a separation of CF from
ICF was achieved for some systems with weakly bound
stable projectiles, among them 9Be + 208Pb and 6,7Li + 209Bi
[14–16]. Because experimental barrier distributions also were
derived for these systems, a reliable comparison with BPM
calculations could be made and a CF suppression close to 30%
was observed above the barrier. The individual suppression
factors were correlated with the breakup threshold energy
(Sbu) of the projectile. The lower the value of Sbu, the
larger the CF suppression. Similar correlations have been
observed for other projectile-target combinations such as
7Li + 165Ho [17], 6Li + 208Pb [18], (11B, 10B, 7Li) + 159Tb
[19], and (11B, 10B) + 209Bi [20]. (The CF suppression seems
to be considerably smaller for 9Be + 144Sm [21] and quite
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small for even lighter targets [5]). In spite of extensive work
[14–16,18,22–33], there is not yet a definitive explanation of
the influence of breakup on fusion. Thus it is important to
study additional systems where transfer/breakup processes are
likely to occur near the barrier.

The short-lived radioactive nucleus 8Li is an interesting
subject to study within this context. It is weakly bound, with
a threshold breakup energy S7Li+n = 2.033 MeV, which lies
between those for 6Li (Sα+d = 1.475 MeV) and 7Li (Sα+t =
2.468 MeV). Large transfer/breakup yields (up to nearly
300 mb) have been reported for 8Li + 208Pb [34] at energies
near and below the Coulomb barrier. A very detailed search for
a threshold anomaly in this system provides evidence that none
is present [35]. A DWBA and CCBA analysis of the elastic
and one-neutron removal channels, which includes transfer
and breakup processes, predicts that the observed 7Li yield is
produced mainly by 1n transfer, with only a small contribution
from breakup [36,37]. In this respect, this is similar to the situa-
tion for neutron-halo nuclei. However, an additional α-particle
yield was observed [34], possibly resulting from subsequent
breakup of the 7Li [38]. CF supression may then be expected
for this system above the barrier, and one might wonder if it will
show the “normal” suppression factors observed for nonhalo
weaklybound projectiles or display an increased suppression
resulting from the combined effect of the known transfer and
breakup channels. Within this context, and with the purpose of
further investigating reaction mechanisms in the 8Li + 208Pb
system, CF measurements at energies a few MeV above the
Coulomb barrier are reported here. Preliminary results have
been presented earlier in Ref. [39].

II. EXPERIMENTAL PROCEDURE

The 8Li beam was generated by means of the one-
neutron-transfer reaction 9Be(7Li, 8Li)8Be, using the TwinSol
radioactive nuclear beam facility at the University of Notre
Dame (UND) ([34] and Refs. therein). The UND FN tandem
accelerator was used to deliver primary 7Li3+ beams with
energies between 36 and 42 MeV in 1-MeV steps. These
produced 8Li beams with center-of-mass energies (at the target
center) of 32.1, 33.0, 33.9, 34.8, 35.7, 36.6, and 37.5 MeV,
respectively. The typical primary beam current was 170 parti-
cle nA, yielding secondary beam rates of 2 × 105 particles/s.
The corresponding energy width was approximately 1 MeV
full width at half maximum (FWHM). The secondary beam
from TwinSol is generally contaminated by unwanted ions
having the same magnetic rigidity. In the present case the
main contaminants and respective typical yields (relative to
8Li) were 4He2+(40%) and 7Li2+(20%). The lower mass of
the primary beam and the positive Q value for 8Li prevented a
7Li3+ contamination. The 7Li2+ component was not a concern
because the corresponding energy was always considerably
below the respective Coulomb barrier. However, the 4He beam
component was of some concern, as discussed below. The
target was a 1.8 mg/cm2 foil of isotopically separated 208Pb
having an isotopic purity better than 99%.

After 4n emission from the compound nucleus 216At, the
excited 212At evaporation residue can be produced in its 1−

FIG. 1. Typical spectra obtained at the “box” detector. (a) The
delayed activity measured for all beam-off cycles of the pulsed beam
was summed. The energy regions of the α-particle groups of interest
(see text) are indicated with rectangles. The bump at the left of the
α3 group probably corresponds to 209,210Po activity produced by the
4He contaminant beam. (b) Spectrum obtained with the beam
completely off, taken immediately after bombardement with 8Li ions
having Ec.m. = 37.5 MeV. The positions of the “long-life” α particles
(T1/2 = 7.2 h) produced in the decay of 211At are indicated.

ground state, which decays with a half-life of 314 ms by
the emission of two closely spaced α-particle groups with
an average energy E(α1) = 7662 keV. Alternatively, the 9−
isomeric state could be populated. This state has a half-life
of 119 ms and again decays via the emission of two closely
spaced α-particle groups, in this case having an average energy
E(α2) = 7848 keV. The 5n evaporation channel eventually
populates the 9/2− ground state of 211At, which has a half-life
of 7.2 h and decays 42% of the time by emission of an α particle
of E(α3) = 5870 keV. The remaining 58% of the time, 211At
decays by electron capture (EC) to 211Po, which quickly emits
a 7450 keV α particle (α4).

The delayed α particles were detected in a “box” consisting
of four large-area (3 cm × 3 cm) Si detectors placed in front
of the target, i.e., in the backward hemisphere. This “box” was
used in a previous work [40], where a coverage efficiency of
21 ± 1% was determined. Two 600 mm2 Si detectors placed
at ±45◦ served as beam monitors for normalization purposes.
A schematic diagram of the detector array can be found in
Ref. [39].

To eliminate the background coming from prompt reac-
tions, the primary beam was pulsed with a 0.6 s (0.7 s)
“beam-on” (“beam-off”) period, and the time of each event
relative to the begining of a counting cycle was recorded.
Figure 1(a) shows a typical spectrum obtained by counting the
activity during the “beam-off” cycles.

The 4He contaminant beam may produce undesired α

activity through the fusion-evaporation process, i.e., 5.3 MeV
α′s from 210Po (T1/2 = 138 d), corresponding to 2n emission,
and 4.9 MeV α′s from 209Po (T1/2 = 102 y), resulting from
3n evaporation. The bump centered at about 5 MeV is most
probably originated in this process. This bump prevented
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FIG. 2. (Color online) Typical time-decay curve for the α-particle
groups with energies between 7.45 and 7.85 MeV. The dashed and
dotted lines correspond to half-lives of 119 and 314 ms, respectively,
while the dash-dotted line is the background produced by the “slow-
decay” α′ particles (T1/2 = 7.2 h). The solid line is the sum of all
three decay curves.

a clean separation of the α3 group, which could not be
resolved (see Fig. 1). The energy resolution of the detectors
was insufficient to resolve the closely spaced groups whose
energies differ only by the 63.5-keV excitation energy of
the 4+ state in 208Bi. Separation of the ground state from
the isomeric-state decay in 212At, or from the 7450-keV α

particles from 211Po, was not possible using α-particle energy
measurements. Identification was, however, achieved from the
difference in decay curves (Fig. 2).

A beam-leakage fraction was determined for each exper-
imental run from the monitor counts during the beam-off
period. Except for the lowest energy run, where the leaked
beam was about 5% of the Ton beam, this fraction was quite
small, averaging to 1% for all seven runs. The corresponding
contribution was taken into account by subtracting the respec-
tive background from the delayed α-particle group. Figure 2
shows a typical decay curve, illustrating the unfolding of the
three decay processes that could be achieved. Note that the
“slow-decay” 7450-keV α particles produce a flat background
in this curve that must be subtracted to determine the yield of
the 4n channel.

As for the yield of the 5n channel, long runs (several
hours) of “beam-off” counting were made after the 36.6- and
37.5-MeV bombardments. The spectrum obtained for the last
case is shown in Fig. 1(b). At these energies, calculations using
the code PACE2 [41] indicated important contributions from 5n

evaporation. The two experimental points thus obtained were
used to determine the flat background in the corresponding
time-decay curves of the “rapid decay” α-particle groups (see
Fig. 2, which shows the data taken at 36.6 MeV). These two
points were also used to extrapolate, with the help of PACE2
calculations, to the region of lower energies to estimate the
corresponding flat-background contributions for those points
where the 5n channel was not measured.

TABLE I. Cross sections for the 211,212At evaporation residues.
Column 4 is the calculated yielda for other evaporation channels and
the last column gives the adopted “CF” cross sections (see text).

Ec.m. σ (212At) σ (211At) σ (others) σ (“CF”)
(MeV) (mb) (mb) (mb) (mb)

32.1 211 ± 7 0.1 ± 0.06b 41.4 ± 3.6 251 ± 9
33.0 276 ± 8 1.0 ± 0.2b 32.7 ± 3.9 309 ± 9
33.9 383 ± 12 7.2 ± 0.9b 27.5 ± 3.3 403 ± 13
34.8 393 ± 10 33.5 ± 4.4b 20.7 ± 2.2 450 ± 12
35.7 426 ± 10 92.2 ± 8.7b 18.2 ± 1.8 526 ± 13
36.6 418 ± 10 162.0 ± 8.5 16.1 ± 1.5 590 ± 13
37.5 370 ± 11 253.9 ± 6.6 14.8 ± 0.9 638 ± 13

aUncertainties in calculated values are explained in the text.
bExtrapolated (see Fig. 5).

III. EXPERIMENTAL RESULTS

The fusion cross sections obtained for the 211,212At
evaporation residues are reported in Table I and shown in
Fig. 3. The error bars include effects of counting statistics,
detector efficiency, and leaked-beam determination. It is worth
mentioning that two different groups did independent analyses
of the data using different techniques [42] and arrived at
essentially the same results. A systematic error of ±2.8% is
estimated from the difference between the results of these
two independent analyses. Also shown in Fig. 3 are the
results of a PACE2 evaporation calculation for the 4n and
5n channels. Only default parameters were used in all our
PACE2 calculations except that we did not use the Bass-barrier
parameters [43] in the entrance channel. Instead, the barrier
parameters used in the present work were extrapolated from
those for neighboring systems (6,7Li + 209Bi and 9Be + 208Pb)
for which the corresponding barrier distributions have been

FIG. 3. (Color online) Experimental excitation functions for the
211,212At fusion-evaporation residues in the 8Li + 208Pb system. PACE2
predictions are also shown. The BPM curve represents the input cross
sections used in PACE2. See text for a complete description of the
different curves.
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FIG. 4. Extrapolated barriers for 7,8Li + 208Pb. The experimental
barriers for 6,7Li + 209Bi and 9Be + 208Pb are from Refs. [14,15],
respectively.

experimentally determined [14,15]. A simple scaling with
Z and A was used in the extrapolation procedure, as illustrated
in Fig. 4. One would expect that the fusion barrier would vary
linearly with ξ = ZpZt/[A1/3

p + A
1/3
t ] within a reduced range

of Z’s and A’s so that ξ can be used to extrapolate. The three
experimental points in the figure corroborate this expectation.
In addition, ξ has been successfully used to scale energies when
cross sections for different systems should be compared, as we
will do in Sec. V (see also Ref. [4]). Once the barrier height
was determined, an appropriate nuclear Woods-Saxon well and
Coulomb potential were used to determine the corresponding
radius and curvature parameters [44,45], with the results
Vb = 29.1 MeV, Rb = 11.5 fm, h̄ω = 4.4 MeV. These can be
compared with the Bass-barrier parameters Vb = 29.7 MeV,
Rb = 11.2 fm, and h̄ω = 4.4 MeV. The dotted line in Fig. 3
represents the results of the BPM calculations while the dashed
curves are the corresponding PACE2 results. More detailed
coupled-channels calculations are not necessary for the present
purposes because they should essentially coincide with the
BPM results in the above-barrier regime [16]. It can be seen
that the PACE2 calculations consistently overpredict the data.
The solid curves in this figure show the result of multiplying
the dashed curves by a factor of 0.7.

The experimental results for the two highest energies, where
the two dominant evaporation residues were measured, can be
used to determine the experimental fusion suppression factor
SFexp. The respective ratios of the total experimental cross
section to that predicted by the BPM give an average value
of 0.70 ± 0.02, which is our best estimation for SFexp. This
is consistent with the factor needed in Fig. 3 to bring the
PACE2 predictions closer to the data for individual channels.
A 6% systematic error must be assigned to SFexp, related to
a 0.3 MeV uncertainty in the barrier height. According to the
statistical model, for Ec.m. = 36.6 and 37.5 MeV the missing
cross section due to undetected residues amounts to less than
3% (see Table I). This value falls well within the reported

systematic error. We emphasize that the above determination
of SFexp is based on comparison of purely experimental data
with theory. To the extent that fusion suppression factors seem
to be nearly energy independent [16], this determination using
two points is justified. In the next two sections a model will
be discussed that will allow us to obtain a suppression factor
consistent with SFexp, but determined for the whole energy
region of the experiment.

IV. DISCUSSION OF ICF PROCESSES: MODEL
CALCULATIONS

As noted above, a considerable suppression of the data with
respect to BPM predictions is observed in Fig. 3. This suggests
the possible presence of ICF processes if the fusion hindrance
results from projectile breakup. In addition, statistical-model
calculations using the code PACE2 do not reproduce the shape
of the excitation function for 212At if only CF is assumed. The
predicted cross section after accounting for 30% suppression
(0.7× PACE, solid curve) falls considerably below the data at
the highest energy, and the experimental excitation function
differs from the bell-shaped curve that is typical of neutron-
evaporation yields from CF. In contrast, the 211At data points
are overpredicted by the same PACE2 calculation.

ICF has been explained as a two-step process where the
projectile first breaks up and then one of the residual clusters
fuses with the target. The cluster structure of 8Li is primarily
formed by a component of the type (αt)n [46]. Therefore,
provided that breakup occurs, ICF processes involving fusion
with clusters of 7Li, α or t(=3H) might be expected, with
probabilities that will depend on the energy of the particular
cluster relative to the respective barrier. For cluster energies
below the corresponding barrier, a negligible contribution from
the ICF process might be expected, especially if it has to
compete with ICF involving other clusters with above-barrier
energies. These ideas can be used to provide further insight
into the fusion processes that may be acting in the present
system. Under the assumption that just after breakup but prior
to ICF the clusters share the same velocity but together have a
total kinetic energy diminished by the corresponding breakup
(bu) energy, the available energy for fusion corresponding to
each cluster may be estimated from the formula:

Ex
c.m. = mx(mp + mt )

mp(mx + mt )

(
Ep

c.m. − Sx

)
, (1)

where x = 7Li, α, t ; the index p(t) refers to projectile (target),
respectively, Sx is the threshold breakup energy for producing
cluster x, and E

y
c.m. refers to the center of momentum of the

y-target nuclei (y = x, p).
According to this formula, the clusters 7Li, α, t possi-

bly resulting from 8Li breakup in the present experiment
would have most probable center-of-momentum energies in
the regions (26.4–31.2), (14.1–16.8), and (10.6–12.7) MeV,
respectively. The corresponding fusion barriers are estimated
to be 29.4 ± 0.6, 19.8 ± 0.7, and 10.0 ± 0.6 MeV (see Fig. 4
and Refs. [45,47]). It is therefore quite unlikely to have ICF
with an α cluster in the present energy region, but ICF with
t is very likely over the entire energy range of the present
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experiment provided that breakup occurs. This ICF process
would lead to the compound nucleus 211Bi, which according
to PACE2 decays ∼ 100% of the time to 209Bi through the 2n

evaporation channel. Because this is an α-stable nucleus, our
technique is “blind” to this process.

The 7Li cluster, however, might start contributing to ICF in
the upper half of the experimental energy region. This process
would lead mainly to a 212At residue after 3n evaporation, with
a small amount of 4n decay to 211At. Therefore, any contri-
bution from this mechanism would be contained within the
measured data and this might account for the unconventional
shape of the measured excitation function for 212At. To see
how this process could affect the interpretation of the data,
some model calculations accounting for this ICF mechanism
were performed using PACE2. Two separate calculations were
done for each bombarding energy, one for fusion of 8Li and the
other for fusion of 7Li, where the 7Li energy was calculated
from the 8Li energy by means of Eq. (1). The total fusion
yields (for 8Li and for 7Li) were manually entered into PACE2
and the corresponding 211,212At yields were determined. One
condition of the model is that the sum of the 212At yields from
both PACE2 calculations should reproduce the corresponding
experimental values. The other condition is exactly the same
but for the 211At yield. The input fusion cross sections were
varied until the two conditions were simultaneously satisfied.
In this way, the relative contribution of CF and ICF (with 7Li)
at each bombarding energy was determined from the best fit
to the experimental data.

A possible concern in these model calculations is related
to the fact that breakup is presumably a rather peripheral
process and should affect mainly high partial waves. ICF would
then occur with some angular momentum (L) selectivity,
which may in turn affect the relative cross sections for the
different evaporation residues [17,48,49]. Test calculations
with PACE2 were conducted in which different L windows
were introduced for the fusion of 7Li + 208Pb at the energies of
interest. An L window was defined by excluding all partial
waves below a given Lmin. Even for an Lmin of one unit
below the respective grazing value, the predicted 211,212At
fractional yields remained essentially constant. A maximum
variation of 3% was estimated with respect to the calculation
with no window, corresponding to the highest-energy case
[Ec.m.(7Li) = 31.2 or Ec.m.(8Li) = 37.5 MeV]. The above
effect safely can then be neglected, so no L window was used in
the final calculations. The results are shown in Fig. 5, where the
CF and ICF contributions are indicated. The threshold barrier
for ICF with 7Li falls at 35 MeV in the 8Li energy scale. This
is consistent with the best fit from the model, which indicates
that this ICF process would have an increasingly large effect
above this energy, especially on the 212At yield.

One concern here is the fact that the evaporation residues are
close to or on a closed shell. This could have substantial effects
on the relative yields of the residues, which could possibly
not be well accounted for in PACE2. One might expect that the
main effects of closed shells would be related to corresponding
changes in the phase space available for the residues, and that
such effects would fade out with increasing excitation energy.
We did some estimation of uncertainties for PACE2 calculations
(see Table I) by varying the level-density parameter a between

FIG. 5. (Color online) Model calculations to disentangle CF from
ICF (8Li → 7Li + n → 7Li fusion + n). Both processes are included
in the operational definition of complete fusion, “CF.”

a = A/7 and a = A/8 (the default value used in PACE2 is
A/7.5). This would account for some change in the available
phase space. The fact that the relative yield of 212At with
respect to the total BPM prediction is well described by PACE2
at the four lowest energies, where shell effects are expected
to be stronger for this channel, may be taken as an indication
that shell effects, if any, are weak here. However, a possible
effect of closed shells at the higher energies where the 211At
evaporation channel opens up cannot be discarded a priori and
thus the above model calculations should be taken with due
reserve. They are meant to show how the possibility of breakup
prior to fusion followed by capture of the 7Li fragment could
affect the interpretation of the data.

V. ADOPTED CF CROSS SECTIONS AND COMPARISON
WITH OTHER DATA

Because 7Li has the same charge as 8Li, both CF and ICF
processes are included in an “operational” or “experimental”
definition of complete fusion [14–16] that we denote as “CF.”
The resulting “CF” cross sections are reported in Table I,
which in addition includes contributions from other, weaker
evaporation channels predicted by PACE2 (column 4). The most
important of these weaker channels is the one corresponding
to α3n evaporation, leading to the 209Bi residue that cannot be
detected in our experiment. Note that the values in the “CF”
column actually are the result of a model fit, so they do not
necessarily coincide exactly with the sum of columns 2–4.
However, the difference is within the reported error bars. The
values for the complete fusion cross sections that are adopted
in the present work are those given in column “CF.” Figure 5
illustrates that the “CF” cross sections are consistent with a
suppression factor of about 0.69 with respect to the BPM
predictions. The uncertainties in this “model” result can be
expressed as SFmod = 0.69+.02

−.03. This is in good agreement with
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FIG. 6. (Color online) Reduced complete fusion cross sections
(“CF”) from the present work compared with data from Ref. [15].
The threshold breakup energies Sx are indicated (in MeV) for each
projectile.

the experimental value reported in Sec. III, SFexp = 0.70 ±
0.02. Notice that SFmod is actually energy independent, a result
that can be obtained only if the experimental definition of “CF”
is adopted.

To compare the present results with those reported for
other Li isotopes [15], the data were scaled by dividing the
experimental cross sections by the factor (Ap

1/3 + At
1/3)2 and

the energies by the factor ZpZt /(A1/3
p + A

1/3
t ) (see Ref. [50]).

The results are presented in Fig. 6. The BPM predictions for
each system fall on top of each other in this plot, a consequence
of the approximate proportionallity between corresponding
barriers that is observed in Fig. 4. The effect of possible
systematic errors in SF due to uncertainties in the barrier
determination would be the same for the three systems as
long as such a linear correlation between barriers holds. One
way to look at this is by using the classical formula, which
should nearly match the BPM in the region above the fusion
barrier, σfus/(πR2) = 1 − Vb/Ec.m.. If we call η the reduced
energy defined in Fig. 6, then Ec.m. = ηξ . For Vb ∼ kξ , with k

being some constant, the right-hand side of the above classical
formula can be written as 1 − k/η, an expression that no
longer depends on the particular system. So our extrapolation
procedure for the fusion barrier does actually allow us to
directly compare the data for the three Li systems in the
reduced plot of Fig. 6, thus effectively eliminating the possible
effects of corresponding systematic errors in SF. The fact that
the points of the present work fall in between those for 6Li and

7Li is in accordance with the observed correlation between
suppression factors and the threshold breakup energies when
heavy targets are used [15,16]. A reported suppression factor of
0.66 for 6Li + 208Pb [18] also is consistent with this conclusion
within experimental uncertainties.

It has been pointed out that the effect of breakup on fusion
is extremely complex to elucidate from a theoretical point
of view [16,26,32,51]. Realistic models should incorporate
variables such as the nuclear structure of the projectile and
target, the various excitation mechanisms, and three-body
tunneling among others. It is surprising that, in spite of this, a
rather simple correlation seems to hold not only for different
projectiles on the same target [19] but also for several Li
isotopes on similar-A targets. The additional neutron-transfer
modes present for 8Li as compared to 6,7Li projectiles, do not
seem to affect the above conclusion as long as the “operational”
definition of complete fusion (“CF”), in which the total charge
of the projectile is absorbed, is adopted.

VI. SUMMARY AND CONCLUSIONS

We have measured fusion-evaporation cross sections for
channels corresponding to complete fusion (“CF”) in the
8Li + 208Pb system, at seven energies above the Coulomb bar-
rier. A comparison with BPM calculations shows a hindrance
of the data, with a suppression factor of 0.70 ± 0.02 (stat.)
±0.04 (syst.). This suppression factor refers to the operational
definition of complete fusion, where the whole charge but not
necessarily the whole mass of the projectile is absorbed. A con-
sideration of possible ICF processes supports the hypothesis
that fusion with a 7Li cluster might be contributing to the data in
the upper half of the measured energy region. A simple model
based on this hypothesis gives a good description of the data
and allows the possible contribution of this particular ICF pro-
cess to be estimated. A possible important contribution of ICF
with a 3H cluster is suggested. The present technique would be
“blind” to this process, which would not, however, be included
in the operational definition of fusion because the entire charge
of the projectile is not absorbed. A comparison with similar
data for the stable isotopes 6,7Li appears to confirm a correla-
tion between the suppression factor and the threshold breakup
energy of the projectile. To complement the present results, a
direct measurement of the different ICF yields is necessary.
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