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Near-barrier fusion of °S+°%9°%r: The effect of the strong octupole vibration of *zr
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Fusion-evaporation cross sections have been measurédSer*°%Zr to high accuracy near the Coulomb
barrier. The sub-barrier cross sections 68+ °6Zr are much larger compared S+ °°Zr. The extracted
fusion barrier distributions have different shapes, with essentially one pealSer°Zr, and a wider and
more complex structure fot°S+%Zr. Coupled-channels calculations explain the larger sub-barrier enhance-
ment for 365+ %Z7r as due mainly to the strong octupole vibration®Zr. However, the calculations do not
reproduce well the barrier distribution for this system. The comparison @+ °*°%Zr suggests that cou-
plings to nucleon transfer channels may play a role in the large enhancement of sub-barrier fuéf@afor
+967r,

PACS numbse(s): 25.70.Jj, 24.10.Eq, 27.60]

. INTRODUCTION the analogous calculations f6fCa+ °6Zr failed completely.
This was interpreted as an indication that neutron transfer
The dynamics of heavy-ion fusion in the energy rangemay be important to enhance sub-barrier fusion“fica

near and below the Coulomb barrier has been the object of %zr.
considerable interest and of many experimental and theoret- Therefore, it is important to assess experimentally the ef-
ical studies in recent years. Following the early suggestion ofect of the strong octupole vibration 6fZr on fusion. That
Rowley et al. [1], a representation of the fusion barrier dis- is surely a concurring reason for the relative enhancement of
tribution arising from couplings to reaction channels, may be*’Cat°°Zr compared td*°Ca+ *Zr, since, qualitatively, one
obtained, within some approximations, from the second deexpects that the octupole shape strongly favors sub-barrier
rivative of the excitation function with respect to the energy.fusion. The case of°S+ %Zr appears to be interesting, since
That procedure has indeed allowed a deep insight on thée 3~ state is relatively low and very strong, and, on the
fusion dynamics for several heavy-ion systems, which would’ther hand, all neutron transf€rvalues are large and nega-
not have been possible from the simple analysis of excitatioffYe: Hence, if those transfer channels are important in

. . . . . 96 36 96 i i
functions and from their comparison with theoretical models  Cat ™ Zr, we expect for>S+™Zr less sub-barrier fusion,
(recent reviews in this field can be found in Ref2,3)). and a different barrier distribution with, possibly, separated

A detailed study of the two system¥Ca+%0%zr was Peaks; the effect of octupole coupling may be unambigu-
performed recently4]. Since the projectilé®Ca is a magic  Ously identified.
nucleus, its influence on fusion was expected to be easil% We report herSe; abgéJt the rrégas%gement of near- and sub-
calculated: moreover, both target&%Zr have aZ=40 sub- arrier fusion of °°S+°"Zr and °°S+ “°Zr, done with small

shell closure. But a main difference between those two reaccNergy steps and good statistical accuracy, so as to extract
tions is in the neutron transfé values which are very posi- the barrier distribution from the second derivative of the ex-

tive, in the case of%Zr only, up to the pickup of eight citation functions. The fusion cross sections E8+%%Zr

neutrons. Furthermore, the low-lying quadrupole vibrationsVere meas4tgred as well; this system has very similar charac-
of 997r and %Zr are found at similar excitation energies and teristics to™Ca+ 9Zr, hence one expects a similar behavior

are only moderately collective, b§fzr has a strong octu- in the sub-barrier fusion. These two systems should consti-
pole vibration, much stronger and lower in energy than thdut® & common basis “on top of which” the enhancements
corresponding one i°zr. and particular effects due to neutron transfer and/or to octu-

A very large relative enhancement was observed foPCl€ vibrations are built up.
49Ca+ %7r low-energy fusion compared t8°Ca+%°Zr: in This paper is organized as follows: S(_ac. Il presents the
addition, the barrier distribution fof®Zr is flat and almost ~S€tup and the measurements, together with the experimental
structureless, and extends to very low energies. It is qualitad@!@; Sec. Il reports about the analysis of the data within the
tively different from the distribution for®Zr which shows ~coupled-channel model;in Soec. I\;ngu" comparison is done
well-defined peaks. The barrier distribution and fusion exci-W!th the previous data for'®Cat***Zr, and conclusions
tation function of*°Ca+2Zr could be explained in terms of Will P& drawn in Sec. V.

couplings to the low-lying inelastic excitations 8fZr, but
Il. EXPERIMENTAL

*On leave from the China Institute of Atomic Energy, 102413 The experiments have been performed at the XTU Tan-
Beijing, China. dem accelerator of the Laboratori Nazionali di Legnaro of
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from the highest energy 123 MeV. Apart from the carbon
—~ 300 i backings, the beam energy losses in the whole thickness of
the %0%Zr targets were=600-900 keV, depending on the

E energy and on the isotope. Therefore, the measured cross
Q 2o0 sections are averaged over that energy range which is sub-
~ stantially larger, anyway, than the maximum uncertainty in
% the absolute beam energy=(030 keV at 100 MeVY[7].

g 1oe ER angular distributions were measured for both targets at

Ej.,=107.6 and 118.1 MeV in the range6°® to +4° in steps
of 1°. As in previous experiments on near-barrier fusisee
. Tog 5o Soo [4] and references thergimo significant energy dependence
E (cha.) of the width and shape of the angular distributions has been
observed. The angular distributions are nicely symmetrical

FIG. 1. Two-dimensional ploE-TOF of the events, following  around the nominal 0° and drop by a facted00 at 6°. The
beam separation, taken Bj,=111.1 MeV and at 0°, for thé’S  tota] fusion-evaporation cross sectidffission-fission is neg-
+9Zr reaction. Two groups of ioribeam-like particle$BLP) and |igiple) have been derived by integrating those distributions
evaporation re&due(ER)] are |nd|caFed. A few events are also SeeNand by a simple intéextrapolation procedure for all other
between the Awo main groups, which come from a slight contaminergies. Overall, the absolute cross section scale is accurate
nation of the™Zr target. within =15%; contributions to the systematic errors come

from the geometrical solid angle uncertainties, from the an-
INFN. The %S beam was produced by a sputter ion sourcedular distribution integrations and, mainly, from the trans-
where a AgS sample was introduced, with Sulphur enrichednission of the electrostatic deflector, which was determined
to around 50% in mass 36. The accelerated beam®®f 0 be 0.56-0.06 for both systems®S+°**Zr by Monte-
had energies in the range 99.2-123.0 MeV, and the targef@'lo simulations(see[8] for more details The cross sec-
were evaporations of°ZrO, (60 ug/cn?) and %Zr,0, (90 tions measured |n.th|s work are !|sted in Tablte_ | and F|_g.. 2
wglen?) on carbon layers 2@ug/cn? and 15ug/cn? thick, shows both experlmer_ltal gé(Clt%gon functions in a modified
respectively; the carbon backings faced the beam. Typica?ner_gy scalsee caption *S+™Zr has sub-ba_lrner Cross
beam intensities ranged between 10 and 20 pnA. The targggctmns;ﬁgrgggzby at least one order of magnitude with re-
isotopic enrichments were 99.36% and 95.63% Y& and Spect to™S+ 2.
%zr, respectively; these values were used, together with the
target compositions, to introduce small corrections to the
measured cross sections.

An electrostatic deflectd5] separated the forward recoil- A first step in the data analysis has been the extraction of
ing evaporation residuég&R) from the transmitted beam and the fusion barrier distributions as the second energy deriva-
beamlike particles. A beam rejection factor at 0° routinelytives of the excitation functions. The usual three-point differ-
around 18 was achieved. The ER were then identified by aence formula has been applipél, and the best compromise
time-of-flight (TOP)-energy(E) telescope consisting of a mi- between accuracy and sensitivity was found with an energy
crochannel plate detector adi0 cm downstreainof a 300  step AE=1.5 MeV. The corresponding distributions are
mn? silicon surface-barrier detector; the geometrical soligshown in the lower panels of Figs. 3 and 4; the plotted quan-
angle of the telescope was0.025 msr. Figure 1 is an tities D¢, s are the second energy derivatives of the excitation
E-TOF two-dimensional spectrum where the ER events andunctions, divided bywRg, whereR, is the barrier radius
the beamlike particle6BLP) are clearly separated. obtained from the standard AkgtWinther potential9]. A

Four monitor detectors were placedét 17°, symmetri- complex broad structure is seen s+ %67r extending in
cally around the beam direction; this allowed us to establishihe range=72-79 MeV. One single peak is observed for
for each run, the beam direction very accuratdty within ~ >°S+°°Zr at E.,=77 MeV, with, possibly, a second struc-
0.1°9 and small deviations from the nominal 0° were takenture at~80 MeV.
into account in the data reduction. The position of the beam Table Il contains the relevant information on the low-
spot (p=1.5 mm) on the target affects as well the relative lying states of*®S, %%zr, and °Zr included in the coupled-
counts of the monitors and the corresponding correction ishannels calculations described below. Th8 inelastic ex-
possible; a quartz viewer, allowing one to appreciate beangitations lie at rather high excitation energies; the<tate is
shifts as small as 0.3 mm, was used at the beginning and at 3.291 MeV, and the lowest 3state is at 4.192 MeV. The
the end of each run to check that positicmormally very  quadrupole vibration is relatively weal3€E 0.16), whereas
stable. the octupole strength is not known experimentlly]. As

Special care was devoted to the beam quatise[6] for  far as the two isotope$®°Zr are concernedi11-13, the
a more complete discussion about this ppitih order to  quadrupole vibrations are weak and do not differ much in the
minimize hysteresis effects in the energy-defining magnetiwo Zr isotopes, but we notice in particular the strong octu-
both 0° excitation functions were measured in a single sepole vibration of °Zr, where a deformation parameter even
guence of runs with energy stepE,,,=700 keV, starting larger (8;=0.295) has been recently reportgi#l]. In this

III. DATA ANALYSIS
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TABLE I. Fusion cross sections fo¥S+ 90-97r measured in this work. The energigsare in the center-
of-mass system; quoted errors are pure statistical uncertainties.

3654907 3654967

73.7 0.09¢:0.021 81.2 176.53.4 71.1 0.06%0.011 79.7 220483.8
74.2 0.18-0.05 81.7 207.54.1 71.6 0.220.05 80.2 249.64.3
74.7 0.88:0.07 82.2 223.14.2 72.1 0.2#0.05 80.8 273.724.8
75.2 2.28-0.16 82.7 251.54.8 72.6 1.450.10 81.3 300.44.9
75.7 4.85-0.27 83.2 273.45.3 73.1 3.880.16 81.8 326.25.6
76.2 9.12-0.30 83.7 299.65.5 73.6 9.650.31 82.3 344.%6.1

76.7 17.4:0.77 84.2 317.64.8 74.2 16.6:0.44 82.8 368.26.2
77.2 27.3:0.70 84.7 357.45.4 74.7 26.£0.65 83.3 387.x7.1
7.7 42.5-1.0 85.1 367.64.7 75.2 35.30.80 83.8 400.6:6.5
78.2 61.9-1.2 85.7 392.25.2 75.7 47.41.0 84.3 434.67.3
78.7 80.8-1.6 86.2 411.55.8 76.2 67.4£14 84.8 453.56.6
79.2 97.5-1.9 86.7 425.%6.4 76.7 82.81.8 85.4 482.46.2
79.7 117.6:2.2 87.2 469.%5.0 77.2 95.91.7 85.9 504.46.8
80.2 140.2-3.8 7.7 122.62.4 86.4 543.£7.5
80.7 161.5-3.0 78.2 147.52.1 86.7 545.85.7

78.7 176.:3.1 87.4 586.26.6

79.2 200.x2.5

paper we use the original paramef®y=0.27, since it gives and it uses the incoming-wave boundary condition inside the
a better fit to the data. barrier. It takes account of the finite excitation energies of
It is expected that nucleon transfer channels do not playhe coupled modes and it includes the effects of inelastic
any important role for the dynamics of sub-barrier fusion,nonlinear couplings to all orders. It is actually kno\W6—
since, for both3¢S+%r and %S+ %y, all ground-stateQ 18] that linear couplings and the adiabatic approximation are
values are large and negative, in a close analogy to the cageadequate to the description of heavy-ion sub-barrier fusion,
of *°Cat+%zr. For *¢S+°Zr only, positive Q values are in particular for heavy systems. Vibrational couplings, like
found for proton pickup channels. The larger sub-barrier futhe case of the heavy-ion systems studied in the present
sion cross sections measured f88+ %°Zr (Fig. 2) are prob-  work, are treated bgcruLL in the harmonic-oscillator limit.
ably due to the strong 3 state of °¢Zr. The Akylz-Winther (bare potential parameters are re-
The theoretical analysis has been performed within theorted in Table I, together with those of the modified ion-
coupled-channel§CC) approach, using the codecruLL ion potential that we have used for the CC calculations. As
[15]. This program employs the isocentrifugal approximationfar as the diffuseness is concerned, the valae).9 fm has
in order to reduce the number of coupled-channels equationbeen used like in other cases studied recdudt|y9]; it seems
actually a systematic trend that large values of the diffusivity
1000 . . . . . —3 are needed to fit the high-energy part of the fusion excitation
O.(;go-o'o'ob'”"" functions, and this fact is still awaiting a full explanation.
. The following observations are also important in this con-
o* o ] text: the peak in the barrier distribution fot*S+°%Zr is
* e ] rather sharp, with a full width at half maximum2.4 MeV;
« © ] this means, taking into account the smoothing introduced by
8 . the finite-difference formula, that the curvature of the barrier
should bef w~3.35 MeV. This is smaller than what is ob-
S 4207 tained by the standard AkgeWinther potential # w=3.70
01 3 E . . . .
E MeV), thus indicating that a diffuseness larger than
=0.67 fm should be used. The rather steep slopes of the
O e 72 74 76 78 80 82 84 g6 excitation functions at very low energies also point in this
E (MeV) direction.
c.m. The potential well has been chosen to be deép=200
FIG. 2. The excitation functions measured in this work; the dataM€V) in order to avoid oscillations in the trasmission coef-
for 385+ %7y has been shifted to lower energies by 1.1 MeV, to ficients of high partial waves, especially at energies above
take approximate account of the difference in the nominal Coulomhe Coulomb barrier. Accordingly, the radius parametgr
barrier with respect to°S+%6Zr. The error bars are statistical un- has been reduced, so as to reproduce the high-energy part of
certainties only. the excitation functions. We have useg=1.01 (0.99 fm
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FIG. 3. Excitation functiorfupper panegland barrier distribution FIG. 4. Excitation function and barrier distribution fo’S
(lower panel for %5+ %Zr, in comparison with coupled-channels +°Zr, in comparison with coupled-channels calculations per-
calculations performed with the coderuLL [15]; see text for de- formed with the codeccruLL; see text for details. The reported
tails. The reported errors derive from statistical uncertainties onlyerrors derive from statistical uncertainties only. The energy scale is
The energy scale is expanded in the lower panel. expanded in the lower panel.

for 365+ %6(%01Zr: the difference between the two systems hasquadrupole vibration. The dashed lines show what one ob-

no particular meaning, since it may easily be due to the untains by considering one-phonon vibrations only, for each of

certainty in our absolute cross section scdl=e preceding these modes, and by including thé 3~ excitation of the

section. target nucleus as weltcFuLL also takes account automati-
We point out that the lowest 3state of*°S has an exci- cally of the mutual target-projectile excitationghe solid

tation energy(4.192 MeV} substantially higher thak w; lines are the results of the further calculation where, in addi-

hence its effect on the dynamics is a simple renormalizationion, the octupole double phonon (B state of °°Zr was

of the bare potential, leaving untouched the structure of théncluded, together with its combined excitation with the

barrier distribution, by an amount which is unknowarpri- quadrupole vibrations. The effects of two-phonon quadru-

ori, since the coupling strength of that level to the groundpole couplings have been checked to be very small.

state is not known. Also in view of this, we preferred notto  Both lines give a reasonably good account of the experi-

use the Akya-Winther potential for the CC calculations, but

the modified one described above, which already includes TABLE Il. Excitation energiesE,, spin and parities\”, and

the effect of the 3 state of3°S. deformation parameterg, of the states included in the coupled-
The fusion barriers produced by the AkMinther po-  channels calculationsee text

tential are shown in the lower panel of Table lll, as are the

corresponding values from the potential used for the CC cal-  Nucleus Ex(MeV) AT B
culations. 36
. S 3.291 2 0.16
The results of thescruLL calculations for®6s+%zr are
. . . L . 4.192 3
shown in Fig. 3; the no-coupling limit, calculated with the 90
.. . . - Zr 2.186 2" 0.09
Akyuz-Winther potential, is shown as well. The coupled 2748 T 0.22
modes are the 2 state of3®S, and the 2 and 3~ states of 5 a1 )
%Zr, with the deformation parameters listed above. The rela- (2.319 ; 0.12
tively strong 5 state of°%Zr at 2.319 MeV was includeths zr 1;2; 5 8'23

in Ref.[4]) by adding in quadrature its strength to that of the
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TABLE IIl. The upper panels show, for the two studied systems, the parameters of the-Nkyther
potential and of the modified potential used for the CC calculatises text In the lower panels the
resulting fusion barriergheight, radius, and curvatyrare reported.

Potential 365+ 907y 3654967
V, (MeV) ro (fm) a (fm) V, (MeV) ro (fm) a (fm)
Akylz-Winther 69.76 1.177 0.668 69.74 1.177 0.670
CC-potential 200.0 0.99 0.90 200.0 1.01 0.90
Vp (MeV) rp (fm) fiw (MeV) V, (MeV) ry (fm) hw (MeV)
Akylz-Winther 79.8 10.76 3.72 78.9 10.90 3.65
CC-potential 79.0 10.64 3.32 77.2 10.92 3.22

mental results; the comparison with the data does not help itb what has been found recently fHO-+2°%Pb[22] where a
deciding whether the second octupole phonon is really nedull coupled-channels analysis of improved fusion data could
essary, since this brings a better agreement of the calcul@ot give any satisfactory and simultaneous description of the
tions with the sub-barrier cross sections, but it worsens the fibw_energy cross sections and of the barrier distribution
of the barrier distribution to some extent. shape.

The situation is different fofZr, as shown in Fig. 4;the  As a summary of this section, we notice that the coupled-
dotted, dashed and solid lines show theruLL calculations  channels model gives a good account of the experimental
with no couplings, one- and two-phonon couplings, respecdata for 3¢S+ °%Zr; the same theory fits well the excitation
tively, as described above fot’Zr. Here again, the only function of 365+ 9%zr, and here the role of the one- and two-
two-phonon excitation with a significant effect on both crossphonon octupole vibration is dominant. However, the fusion
sections and barrier distribution is the (& state of *Zr,  parrier distribution oS+ %Zr is only approximately repro-
and in this case it is essential for a good fit of the excitationduced by the same calculations, and this point needs further
function; this is due to the lower excitation energy and to thegonsideration.
larger strength of the octupole vibration $fZr, whose effect
is clearly identified.

Nevertheless, the calculations give only a marginal fit of IV. COMPARING WITH  “Ca+9Zr
the barrier distribution shape; reproducing the low-energy the interest for a comparison 3fS+ %9y fusion with
part with the correct intensity comp_ared to t.he main “§t-ruc-the previous data fof°Ca+ %%Zr was stressed in the Intro-
ture” at E=77.5 MeV, would require coupling to positive q,ction, and was actually one main motivation for the
Q-value transfer channels with significant strength, wh|chpresent measurements with tB8S beam. A full intercom-

. ot
are not available, and/or to a quadrupole vibration™&r 4 ison of the cross sections is shown by Fig. 5 which is the
with 8,~0.3, much stronger than the adopted valié] for ;5| reduced plot of the excitation functions for all four

the lowest 2 state. The solid line in Fig. 4two-phonon systems. Barrier heights and radii are derived from the stan-
calculation reproduces correctly the overall width of the bar- 474 Akyiz-Winther potential; the data fof°Ca+ %-96zr
rier distribution, but only qualitatively its shape. The one-paye peen slightly further renormalized to obtain a better

phonon calculation does a worse job, anyway. No other ingera|| agreement at the highest energies. This is anyway
elastic excitations with significant strength are known in

9%Zr, hence the disagreement is at present unexplained. We .

have tried, also, to vary the potential parametdifuseness b
. . L . 229

and radius, essentia)lybut no significant improvement of L

the barrier distribution fit has been found, while the good fit o1 . £

of the excitation function is rapidly destroyed, as expected, “g":;?“

when the variations produce a different average fusion bar- > oot | o &

rier. = R @VB o 365 96,
One might argue that the disagreement {&#r is due to b% sy o 365, 905

the approximations of the CC code, i.e., the isocentrifugal 0.001 |- ,' ¢ g v 40 96 E

approximation and the treatment of the inelastic excitations . v 4 oca Y OZI

as pure harmonic oscillations. Actually, Hagieo al. [21] o L E 3 Ca+”Zr |

have recently shown that anharmonicities, like those existing ' s v . .

in most vibrational nuclei, cause non-negligible effects in the 09 0.95 1 1.05 11

calculated cross sections and barrier distributions. In that pa- E/V

per, a significant analysis of the data f§© +14%Sm[19] is

done, by discussing the arlharmonic properties of the quad- FIG. 5. Reduced plot of the excitation functions for the four
rupole and octupole vibrations dfesm. systems®0S+°09zr (open and full circles and °Cat °0°%r [4]
The present situation fot®S+ %Zr appears to be similar (open and full triangles
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FIG. 6. Barrier distributions extracted f8PCa+ °-%7r [4] and for 25+ °0-%7r, in an energy scale relative to the Coulomb bartase
text).

within the uncertainty of the absolute cross section scale fogata having large error bars. Going to t¥&r targets(lower
our setup, and the observed systematics neither depends ganels, both distributions get wider, as a consequence of the

this renormalization, nor does it change when using the popctupole strength in that nucleus. Furthermore, the distribu-
tential parameters used for the CC calculations described ifgn for 4%Ca+ 97y is much flatter and extends to lower en-

the text.

One notices thatl) the two cases with thé®Zr target
essentially fall on top of each othdg) the sub-barrier cross
sections of*°S+°67Zr are larger by more than a factor of 10;

]ESZ %é(;vl Q%Q?rv%f;sz ];,UJE:E;JEEeeigi?:t?ocﬁraenrltti:;S@Bbizerve CFULL are essentially identical with the full CC calculations

significantly less steep than the other three cases which aPé Ref'([;l]’f"ﬁ" Eve_r y gdqoc(_rt))oo_o fIth‘IOE?e %)égtagg; func-
very similar to each other in this respect. tion and of the barrier distribution for-Ca+™Zr (*Zr).

The four barrier distributions are reported in Fig. 6 in the Ve are led to the following considerations: the octupole

energy scale relative to the AkgaWinther barriers/, . The ~ Vibration in %7r has a strong effect on sub-barrier fusion, as
energy step used for extracting the-2r distributions is the predicted by the CC calculations descrl_bed in Sec. I!I for_ the
same as in the original papBt], i.e., AE=1.75 MeV (AE  St+Zr systems. For*®Ca+°7Zr the previous conclusion in
=2.1 MeV for E=1.02V,). The error bars are smaller for Ref.[4] was that it is reasonable to suppose that the differ-
the two Ca+ Zr cases, especially at high energies, dueences from*°Ca+°Zr come about from the large probabili-
(mainly) to the smaller statistical uncertainties of the crossties for few- and multinucleon transf¢20]. In view of the
section data, and to the slightly larger energy step comparecbmparison with the new experimental findings fé&iS
to S+Zr (AE=1.50 MeV). +90.9r we observe that the strong 3vibration of °6Zr

We notice that the two system®S, 4%Ca+ %%Zr (upper  brings a strong contribution to the cross section enhancement
panel$, which have almost coincident excitation functions, and accounts for the excitation function 5+ %Zr. Nev-
display similar barrier distributions as well, although the ex-ertheless, its effect is not strong enough to produce sub-
istence of a second peak Bt=V,, for %S+ %Zr (predicted  barrier cross sections as large as measured*doe+ *¢zr,
by the calculations, see Fig) & not at all clear from the nor does it produce a barrier distribution as wide as that

ergies, compared t8°S+ °67r.
The calculations of Refl4] for 4°Ca+ °°%Zr have been
repeated withcCFuLL, in order to check the overall consis-
ncy of the analysis for all four systems. The results of
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extracted for this system. Far below the barrier, couplings to The comparison with the previous data &Ca+°%°%Zr
neutron transfer channels may actually be the dominant facshows that the excitation functions ofS,*Ca+%°zr are

tor in the fusion dynamics fof°Ca+ %7r. very similar in the whole energy range and the two barrier
distributions have similar overall shapes. The cross sections
V. SUMMARY for 355+ 967r are enhanced by a facter10 below the bar-

rier; a further large enhancement is found fCa+ °6zr.

We have presented here the results of thg,;) Qweasuremenltﬁese relative enhancements are mirrored in the fusion bar-
of fusion-evaporation cross sections fofS+*°Zr at a _yigr distributions that become wider and flatter, surely as a
number of energies near and below the Coulomb barrier. Th@onsequence of the octupole vibration %2r. Its effect is
relative accuracy of the experimental points has allowed Ug|ear and strong, but seems to be not sufficient to explain the
to extract the “fusion barrier distributions” as the second very large cross sections found féfCa+ %zr, where cou-
energy derivatives of the excitation functions. The data haV‘E)Iings to nucleon transfer channels may actually play a role
been analyzed, within the coupled-channels model, by thg; very low energies.
code ccruLL which treats the excitation energies of the However, a full comprehension of the fusion dynamics
coupled modes correctly with full-order couplings. Good \ear the barrier for medium-heavy systems it not yet at hand;
agreement is found, b(gth ‘;%r the cross sections and for thgyis js shown, for the systems studied in the present work, by
barrier distribution, fc_)r3 S+°Zr, by considering the 2 ex- o inability of coupled-channels calculations to fit the shape
citation of the*’S projectile and the lowest2and 3 states  of the barrier distribution off®S+9Zr well. This situation
of the target nucleus; going to two-phonon excitations doegeems to be analogous to the results of recent CC analyses of
not improve the fit to the data. In the case $8+°Zr the  f;sion data for’0+ 20%Pb [22].
two-phonon excitation of the strong octupole vibration in
97r is found to be essential for reproducing the fusion ex-
citation function; nevertheless, the barrier distribution, which
is wider than for 265+ °9Zr, is only marginally fit by the Grateful thanks are due to the XTU Tandem staff for care-
calculations. Other important inelastic excitations do not exful and patient work during the experiments, and to G. Ma-
ist and the possible effect of nucleon transfer channels isente for professionally preparing targets of excellent qual-
ruled out byQ-value considerations; changing the potentiality. We are also grateful to G. Pollarolo for many discussions
parameters destroys the good fit of the excitation function. and for a critical reading of the manuscript.
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