
Measurements of 17F s
attering by 208Pb witha new type of large solid angle dete
tor arrayM. Romoli,� E. Varda
i, M. Di Pietro, A. De Fran
es
o, A. De Rosa,G. Inglima, M. La Commara, B. Martin, D. Pierroutsakou, and M. SandoliDepartment of Physi
al S
ien
e and INFN, Complesso Universitario di Monte S.Angelo, via Cinthia, I-80125 Napoli, ItalyM. Mazzo

o, T. Glodariu,y P. S
opel, and C. SignoriniDepartment of Physi
s and INFN, via Marzolo 8, I-35131 Padova, ItalyR. Bonetti and A. GuglielmettiInstitute of General Physi
s and INFN, Milano, via Celoria 16, I-20133, Milano, ItalyF. SoramelDepartment of Physi
s and INFN, Udine, via delle S
ienze 208, I-33100, Udine, ItalyL. StroeyINFN Laboratori Nazionali di Legnaro, viale dell'Universit�a 2, I-35020 Legnaro (Padova), ItalyJ. Greene, A. Heinz, D. Henderson, C. L. Jiang, E. F. Moore, R. C. Pardo, K. E. Rehm, and A. WuosmaaPhysi
s Division, Argonne National Laboratory, Argonne, Illinois 60439, USAJ. F. LiangPhysi
s Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA(Dated: February 12, 2004)A new pixel-stru
ture dete
tor array with a large solid angle 
overage has been used for the �rsttime to study the elasti
 s
attering of exoti
 17F nu
lei from a 208Pb target at 90.4 MeV. Theexperimental data have been analyzed in the framework of the opti
al model potential and the realand imaginary strong absorption radii have been evaluated. These quantities have been 
omparedwith those obtained for the system 19F + 208Pb at the same energy in the 
enter of mass frame.The 17F + 208Pb rea
tion 
ross se
tion is more similar to those of the systems 16;17O + 208Pb ratherthan to the one of the system 19F + 208Pb at similar energies: this indi
ates that in the energyrange around the Coulomb barrier the breakup 
hannel is still weak. The ex
lusive breakup 
rossse
tion 17F ! 16O + p has been measured for the �rst time at energy below the Coulomb barrier.PACS numbers: 25.70.B
, 25.70.Mn, 24.10.EqI. INTRODUCTIONOver the last de
ade, there has been a growing interestin the study of the nu
lear rea
tions indu
ed by lightweakly bound Radioa
tive Ion Beams (RIBs). Be
auseof halo/skin stru
ture and the small binding energy ofthe last nu
leon(s), these nu
lei are expe
ted to behavedi�erently from stable, well-bound nu
lei, in rea
tions(elasti
 s
attering, fusion, breakup, transfer) taking pla
eat Coulomb barrier energies.On a simple ground, loosely-bound nu
lei are expe
tedto have a larger 
ux into non-elasti
 
hannels than stablenu
lei. This behaviour was predi
ted for example forthe 11Be + 197Au [1℄ system and, up to now, severalexperiments have been performed to study the s
attering�Ele
troni
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of loosely-bound nu
lei from heavy targets: 6He + 209Bi[2℄ (S2n = 0.945 MeV), 9Be + 209Bi [3℄ (Sn = 1.573 MeV)and 6Li + 208Pb [4, 5℄ (Sd = 1.475 MeV). For the �rstsystem a very large rea
tion 
ross se
tion was dedu
ed,while in the others both real and imaginary potentialsshowed \threshold anomaly" e�e
ts around the Coulombbarrier. In addition, in all the systems (6He [2℄, 9Be[6℄ and 6Li [7℄) strong breakup 
ross se
tions have beenmeasured.Our interests for the physi
s exploited by RIBs havemotivated the study of the 17F elasti
 s
attering froma 208Pb target around the Coulomb barrier. The studyof this nu
leus is quite interesting for three reasons: (i)its binding energy is 601 keV, (ii) it has only one boundstate below the breakup threshold and (iii) its �rst ex-
ited state has a halo stru
ture [8, 9℄.For the experiment we used the 17F beam delivered bythe ATLAS fa
ility at the ANL Physi
s Division [10℄.Su
h a beam belongs to the �rst generation of RIBs,whi
h are produ
ed with very low intensities (at leasta fa
tor 104 lower than stable beams) and poor energy
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FIG. 1: Photo of two dete
tors of an EXODET teles
opebefore their assembling.resolution. For these reasons the study of RIBs exoti
features requires the design of dete
tor arrays with largesolid angle 
overage and an energy and position resolu-tion good enough to guarantee the 
omplete kinemati
re
onstru
tion of the events.These requirements have brought us to design and de-velop a new dete
tor array named EXODET (EXOti
DETe
tor) brie
y presented in the next se
tion.The present paper is organized as follows. In Se
. II wewill introdu
e the new dete
tor array EXODET; Se
tionIII will brie
y des
ribe the 17F se
ondary beam produ
-tion and the experimental pro
edure adopted in the dataanalysis both for elasti
 s
attering and ex
lusive breakup
ross se
tions. Se
tion IV will present the performed op-ti
al model analysis of the experimental data and thedis
ussion about the 
omparison with similar systems inthe same energy range. In Se
. V 
on
lusive 
ommentswill be drawn.II. DETECTOR ARRAY DESCRIPTIONThe EXODET array 
onsists of 16 solid state sili
ondete
tors arranged in 8 two-stage teles
opes to allow theZ identi�
ation of the parti
les passing through the �rstlayer, by means of the usual �E-E te
hnique. The thi
k-nesses of the �rst and the se
ond layer are, 60 �m and500 �m, respe
tively. The teles
opes are pla
ed aroundthe target, in the forward and ba
kward dire
tion, and
an 
over a total solid angle up to 70% of 4� sr.Ea
h dete
tor has an a
tive area of 50 � 50 mm2 andis segmented, on the front side, in 100 strips with a pit
hsize of 0.5 mm and a separation of 50 �m. The ba
k-plane is a unique plaque. The strips of the �E layer aremounted orthogonally to the beam dire
tion and per-pendi
ularly to the strips of the E layer. In this way it ispossible to determine the position of the parti
les passingthrough the �E dete
tor with an a

ura
y of 0.5 mm �0.5 mm.The whole array readout system has to 
onsider 16

FIG. 2: S
hemati
 of the ele
troni
 
ir
uit for one of the EX-ODET dete
tors.
hannels for the pro
essing of the energy signals fromthe ba
kplane of the dete
tors, and 1600 
hannels forthe position information gathered from the segmentedsides. For the energy 
hannels standard ele
troni
 
hainhas been used, whereas the position information was ob-tained through the use of an ASIC 
hipset. Su
h a de-vi
e, originally developed for high-energy parti
le physi
sexperiments [11℄, was found to be suitable with an appro-priate design of the readout ele
troni
s. A proper signalamplitude attenuator was built in order to rea
h the re-quired dynami
 range together with a pit
h size adapterfor 
onne
ting the dete
tor strips to the input pads of the
hip. The 
hip and the related ele
troni
s are pla
ed on asupport board near the dete
tor, to ensure the maximumnoise redu
tion. Fig. 1 shows a photo of both �E andE dete
tor boards with the readout 
hips.Fig. 2 shows a s
hemati
 diagram of the ele
troni
readout 
hain. The board 
ontaining the sili
on dete
-tor and the 
hip is interfa
ed to the VME bus throughthe AVI (ASIC to VME Interfa
e) board. There is oneAVI board per 
hip. The TSI board (Trigger SupervisorInterfa
e) is the trigger supervisor of the whole front-end. When the a
quisition is running and the TSI boardasserts a valid trigger signal, the AVI sends the trigger
ommand to the 
hip and makes available to the VMEbus the data stream 
oming from the 
hip. The TSIboard uses a logi
al 
ombination (OR/AND) of all of theinput 
hannels to assert a valid trigger.
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h 
hip gives as output a data stream with the 
hipidenti�
ation number, the trigger number and, for ea
hstrip hit, the identi�
ation number, the signal ToT (TimeOver Threshold) and the JT (Jitter Time). The JT givesinformation about the time interval between the stripsignal and the trigger assertion, while the ToT is roughlyproportional to the energy released by the parti
le in thestrip. This information is very useful to disentangle anevent when two parti
les with di�erent energy ranges hittwo strips of the same dete
tor.The VME bus is, in the present set-up, 
onne
ted toa PC via a 
ommer
ial VME-PCI bridge. All of thepro
esses 
on
erning the data a
quisition (module setup,run 
ontrol, data readout, storing and histogramming)run on a single PC using Linux as the operating system.The data analysis has been performed with the pa
kageVISM. III. EXPERIMENTA. 17F se
ondary beamThe 17F exoti
 beam is produ
ed at the Argonne Na-tional Laboratory (ANL) through the inverse rea
tionp(17O,17F)n [10℄ with an intensity of about 106 pps. Ahigh intensity 17O primary beam, delivered by the AT-LAS super
ondu
ting linear a

elerator, impinges on agas 
ell, �lled with hydrogen. Be
ause of the inversekinemati
s of the rea
tion, the 17F ions are emitted in anarrow 
one (� 2-4Æ) in the forward dire
tion. Duringthe experiment the energy of the out
oming 17F beam,measured with an Enge split pole magneti
 spe
trometer,was 90.4 MeV, with a FWHM of 1.4 MeV (
orrespondingto a resolution of about 1.5%). The beam diameter was� 5 mm at the target position. The main 
ontaminantin the se
ondary beam was 17O, with the same magneti
rigidity as 17F, but with an energy � (8/9)2 � E(17F).From Fig. 3a one 
an 
learly see that the intensities ofthe two beams were 
omparable.B. Experimental set-upIn this �rst experiment only a se
tion of the wholeEXODET array was used. A two-stage teles
ope waspla
ed in the ba
kward dire
tion to 
over the polar anglesranging from 98Æ up to 154Æ; another one was pla
ed atforward angles to 
over the polar angles form 26Æ to 82Æ.The teles
ope at the forward angles was used for datanormalization sin
e the 
ross se
tion at forward anglesis expe
ted to be purely Rutherford in the energy rangeof the experiment. The target was a self supporting 1mg/
m2 thi
k 208Pb foil.During the experiment, the data a
quisition systemwas triggered by the logi
al \OR" of all the energy sig-nals. The 
olle
ted data were: the energy signals 
omingfrom the not-segmented sides of the �E and E dete
tors,

and the positional information pro
essed by the ASIC
hip: hit strip number, Jitter Time (JT) and Time OverThreshold (ToT).The JT represents the time interval, measured in unitsof 
lo
k 
y
les, between the assertion of the trigger andthe arrival of the parti
le signal. The best time resolutiona
hievable with the 
hip used was 67 ns.The ToT is the time, measured in units of 
lo
k 
y
les,spent by any signal, after its ampli�
ation and shaping,over an externally settable threshold in the ASIC 
hip.Sin
e only 4 bits are available for the ToT 
ounter, thisspe
trum is distributed only over 16 
hannels. Due tothe non-linear 
orresponden
e between the ToT and thesignal amplitude, the ToT only gives a rough informationabout the energy lost by a parti
le in the strip.Regardless of the limited time and energy resolution,the ToT range is suÆ
ient to separate two parti
les withdi�erent energy domains hitting two di�erent strips ofthe same �E dete
tor. This feature is parti
ularly help-ful for the sele
tion of breakup events 17F! 16O + p. Infa
t, the 17F breakup 
hannel produ
es two parti
les, aproton and a 16O ion, whi
h 
an hit the same �E dete
-tor of a teles
ope. Their expe
ted energies are su
h thatthe 16O ion is stopped in the �E stage and the protonin the se
ond stage. From the kinemati
s of the pro
essthe proton will deposit in one strip a mu
h smaller en-ergy signal than the 16O would deposit in another strip.Consequently, using the ToT information, it is possible todistinguish whi
h of the two strips was hit by the protonand whi
h one was hit by the 16O ion.From the data we determined the 17F s
attering an-gular distribution at ba
kward angles and we performeda �rst dire
t measurement of the 17F ! 16O + p (Sp =0.601 MeV) ex
lusive breakup 
ross se
tion at energiesbelow the Coulomb barrier, with the only limitation ofthe statisti
al a

ura
y.C. Experimental resultsFig. 3a shows a typi
al �E spe
trum 
olle
ted fromthe ba
kward teles
ope. It is possible to distinguish threebroad stru
tures. On the high energy side there are twowide bumps: the one at higher energy arises from 17Fs
attering and the other, at lower energy, 
omes fromthe elasti
 s
attering of the 17O 
ontaminant, whose en-ergy is around (8/9)2 � E(17F). Their broad stru
turesare mainly due to the large solid angle 
overed by thedete
tor and to the energy lost in the target. The over-all energy resolution of � 18% (see Fig. 3b) essentiallyoriginates from the large kinemati
 spread (� = 98Æ to� =154Æ). However, an energy resolution of 3-4% isa
hieved by sele
ting a limited number of strips. In Fig.3a at low energies, one 
an see a third peak originatingfrom light parti
les as explained in the following se
tion.Considering the JT and the ToT spe
tra of all the �Eevents, it is possible to disentangle the 
omponents of thespe
trum in Fig. 3a. Fig. 4a shows the JT spe
trum of
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FIG. 3: a) �E spe
trum 
olle
ted from the ba
kward dete
torof the EXODET apparatus; b) �E spe
trum gated by JT =10 and ToT = 6; 
) �E spe
trum gated by JT = 10 and ToTranging from 2 to 4. See text for more details on JT and ToT.the events hitting the �E dete
tor. The presen
e of avery sharp peak indi
ates the time 
orrelation of all there
orded events. This is useful to avoid spurious and/orun
orrelated events. For this reason only the events withJT around 10 will be 
onsidered in the following analysis.Fig. 4 also shows two ToT spe
tra of �E events: theupper one (b) for the s
attered 17F ions energy rangeand the lower one (
) for the light parti
le energy range.We 
learly see that the 17F s
attering events have a ToTsharply peaked around 400 ns (6 � 67 ns), whereas, forlight parti
les, this parameter is smaller than 266 ns (4� 67 ns).Fig. 3b shows the �E spe
trum gated by the 10th
hannel of the JT spe
trum and the 6th 
hannel of theToT: pra
ti
ally only the 17F elasti
 peak survives thesegates. Fig. 3
 shows the same �E spe
trum, but gatedby the lower ToT 
hannels (from 2 to 4) and the 10thJT 
hannel. In this 
ase only low energy events popu-late the resulting spe
trum. This is a 
lear indi
ation ofthe 
apabilities given by the analysis of the informationpro
essed by the ASIC 
hip.1. 17F s
attering event analysisFor the analysis of the 17F s
attering from a 208Pbtarget the events in the Fluorine peak and with JT =
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FIG. 4: a) Jitter Time (JT) spe
trum of the ba
kward �Edete
tor. Lower panel: Time over Threshold (ToT) spe
traof the events 
olle
ted by the �E dete
tor at ba
kward an-gles with: b) JT = 10 and energy loss greater than 59 MeV(
orresponding to the 17F peak), 
) JT = 10 and energy losssmaller than 10 MeV (light parti
le range).10 and ToT = 6 were 
onsidered. At 90.4 MeV beamenergy all 17F nu
lei were stopped in the �E dete
tor,making a �E-E pixel analysis impossible. Our experi-mental energy resolution did not allow to separate the
ontributions 
oming from the �rst ex
ited states bothin 17F (at 0.4953 keV) and in 208Pb (at 2.614 MeV).However, from DWBA 
al
ulations, as we will see in thedis
ussion, these 
ontributions were predi
ted to be verysmall in 
omparison with the pure elasti
 
ross se
tion.Due to the geometry of the dete
tors, ea
h strip 
oversa wide range of polar angles �. For this reason, a Monte-Carlo simulation of the dete
tor geometry was under-taken in order to 
al
ulate the polar angles �, the solidangles �
s subtended by ea
h �E strip, the solid an-gles �
s;� 
overed by any polar angle � inside any �Estrip and the dete
tor solid angles �
� 
overed by anypolar angle �. In this way it is possible to re
onstru
tthe 17F s
attering angular distribution in the laboratoryframe dire
tly from the 
ounts of ea
h strip (ns), usingthe formula:d�d
(�) = Ps ns ��
s��
s ��
� � P�F �d�Rd
 (�F )��
�FnF (1)In the �rst fa
tor we added the strip 
ount numbers
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FIG. 5: 17F(19F) + 208Pb quasi elasti
 s
attering angulardistributions at 90.4(91) and 98 MeV beam energy. The 
on-tinuous lines are the results of the opti
al model best �ts forthe 17F system. The parameters used at 90.4 MeV for the sys-tem 17F + 208Pb are listed in table II, while for the data at98 MeV we used the same sets, but the imaginary depth (W0= 12.8 MeV), in order to minimize the �2. The quoted errorsfor the data at 90.4 MeV are statisti
al, whereas those at 98MeV in
lude both statisti
al and systemati
al un
ertainty.ns, weighted by the ratio �
s��
s , over all the strips s 
on-taining the polar angle �. The se
ond ratio is the normal-ization fa
tor, obtained by adding the Rutherford 
rossse
tion d�R(�F )d
 at forward angles �F , weighted by thedete
tor solid angle �
�F subtended by ea
h polar an-gle �F , and dividing by the total number nF of events
olle
ted in the �E forward dete
tor. The un
ertaintyin solid angle Monte-Carlo 
al
ulations was estimated tobe smaller than 1%.Fig. 5 presents the evaluated 17F s
attering di�erential
ross se
tion, after geometri
al 
orre
tion. Be
ause of thetarget thi
kness and the target frame s
reening, only theexperimental points above 115Æ 
ould be evaluated; onlythe statisti
al errors have been plotted in the �gure. Thedi�erential 
ross se
tion is 
at up to � 130Æ followed bya slight de
rease.For 
omparison, in the same �gure, we have also in-
luded the elasti
 s
attering angular distributions mea-sured for the same system at 98 MeV (taken from [12℄)and for the system 19F +208Pb at 91 and 98 MeV beamenergy [13℄. 2. Breakup event analysisWe have also performed an ex
lusive analysis to sear
hfor breakup events 17F! 16O + p (Sp = 0.601 MeV). Inthis rea
tion 
hannel the 16O stops in the �E layer whilethe proton stops in the E layer. This is the 
ase where

the 
apabilities of EXODET teles
ope are parti
ularlyimportant. We have imposed the following 
onditions:a) two strips of the �E dete
tor and only one of the Eshould be hit; b) the JT of all the strips should be inthe 
orrelation peak; 
) the ToT of one strip of the �Eshould be in the Fluorine-Oxygen range while the ToT ofthe other should be lower; d) the total energy released inthe �E dete
tor should be, for kinemati
s reasons, in thespe
trum region of the 17F and 17O elasti
 peaks (totalenergy of 16O added to the proton energy lost).From kinemati
al 
al
ulations the relative angle be-tween the proton and the 16O velo
ity ve
tors has amaximum value of 25Æ at 1 MeV 17F ex
itation energyabove the breakup threshold. Therefore, one single tele-s
ope has enough solid angle to 
over the whole kine-mati
al range. Monte-Carlo simulation 
on�rm that theeÆ
ien
y of the EXODET apparatus for the dete
tion ofthe 17F breakup events is above 90% up to 1.25 MeV ex-
itation energy above the threshold. To extra
t the 
rossse
tion we have evaluated the dete
tion eÆ
ien
y of pro-tons and 16O ions (intrinsi
 eÆ
ien
y) and we have esti-mated the solid angle 
overage of ea
h strip by a Monte-Carlo simulation (geometri
al eÆ
ien
y). The 
ross se
-tion is obtained by normalizing the obtained yield to theRutherford 
ross se
tion. The error takes into a

ountboth the statisti
al error and the un
ertainties in theabove eÆ
ien
ies. The di�erential 
ross se
tion dedu
edfor the breakup pro
ess 17F ! 16O + p has an averagevalue of 2.6 � 1.2 mb/sr.IV. THEORETICAL ANALYSIS ANDDISCUSSIONA. Opti
al Model analysisThe experimental data were �tted in the frameworkof the opti
al model using the �tting subroutines of the
ode FRESCO [14℄. The aims of the analysis are man-ifold: (i) to investigate the in
uen
e of the low bindingenergy onto the potential, (ii) to get 
onsistent opti
almodel parameter sets, (iii) to de�ne the potential aroundthe strong absorption radius and (iv) to 
ompare theseresults with those obtained for similar mass systems, par-ti
ularly with those involving stable well-bound isotopes.It is known that in this energy range the analysis of
omplex ion elasti
 s
attering will lead to non unique setsof parameters. However the potential values at the strongabsorption radius are usually well de�ned and rather in-dependent from all the �tting ambiguities. This 
orre-sponds to a surfa
e intera
tion of the 
olliding nu
lei.In this paper we followed the pro
edure adopted in [13℄for the 19F + 208Pb rea
tion. We 
hose a Woods-Saxonwell for the real and the imaginary potential, �xing theradii (r0v = r0w = r0) and the di�usenesses (av = aw= a0) and varying the depths (V0 and W0). In orderto 
he
k the in
uen
e of ea
h potential parameter, weperformed di�erent �ts. We sele
ted two grids: one with
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FIG. 6: Behaviour of real and imaginary potential �tting the17F elasti
 s
attering data at 90.4 MeV for the di�erent valuesof di�useness and radius listed in Table I.TABLE I: Upper (lower) panel: opti
al model parameters ob-tained from the best �ts of the 17F elasti
 s
attering data,�xing r0 = 1.20 (1.24) fm and varying the di�useness.r0 = 1.20 fma0 (fm) V0 (MeV) W0 (MeV) �2=pt0.43 242.3 � 41.6 43.6 � 14.8 0.5090.48 156.1 � 22.4 20.6 � 6.8 0.5060.53 111.6 � 13.1 10.7 � 3.4 0.5030.58 86.0 � 8.4 5.9 � 1.9 0.500r0 = 1.24 fma0 (fm) V0 (MeV) W0 (MeV) �2=pt0.43 111.1 � 18.8 20.1 � 6.7 0.5080.48 78.4 � 10.6 10.3 � 3.2 0.5050.53 60.5 � 6.2 5.7 � 1.8 0.5010.58 49.3 � 2.5 3.4 � 0.8 0.496a �xed radius parameter (r0 = 1.20 and 1.24 fm) andthe other with four values for the di�useness parameter(a0 = 0.43, 0.48, 0.53 and 0.58 fm). For ea
h set we
al
ulated the best V0 and W0 minimizing the �2. TableI summarizes the results of the analysis and Fig. 6 showsthe behaviour of both real and imaginary part of thepotential near the strong absorption radii.The �ts were performed assuming that the 
olle
teddata originated only from pure elasti
 s
attering, sin
e,as already mentioned, our energy resolution did not allowto solve possible ex
itations to the only 17F ex
ited statebelow the breakup threshold (Ex = 0.4953 MeV) and tothe �rst 208Pb ex
ited level (Ex = 2.614 MeV). We veri-�ed our assumption a posteriori, running fres
o withintheDWBA approa
h, using the potential parameters ob-tained from the previous best-�t analysis and in
luding

the possibility to ex
ite the �rst 17F ex
ited state, withthe experimental transition probability B(E2)" = 21.64e2fm4 [15℄. It was seen that, in this energy range, the
ontribution of this 
hannel to the quasi-elasti
 
ross se
-tion was at maximum � 2% and for this reason, it 
ouldbe negle
ted in �rst approximation. We also 
he
ked thepossible ex
itation to the �rst 208Pb ex
ited state (3�, Ex= 2.614 MeV) and saw that this 
ontribution was lowerthan 1% at all angles with respe
t to the quasi-elasti

ross se
tion.B. Strong absorption radiiFrom the performed analysis, both real and imaginarystrong absorption radii were dedu
ed: RSV = 11:97 �0:14 fm and RSW = 13:53 � 0:19 fm. The potentialsat these points are Vsa = 3:84 � 0:51 MeV and Wsa =0:020� 0:002 MeV, respe
tively. These values are quitedi�erent from ea
h other with the imaginary part of thepotential well outside the nu
leus 
ore. This s
enario is
ompletely di�erent for the stable isotope 19F. In fa
t forthe system 19F + 208Pb at 91 MeV beam energy, the realand imaginary strong absorption radii, reported in [13℄are very similar (RSV = 12:32 fm and RSW = 12:12 fm).Within the same framework we have also �tted theelasti
 s
attering data for the 17F + 208Pb rea
tion at 98MeV beam energy. In this 
ase we adopted two pro
e-dures, with the same r0 and a0 grids used previously: a)we �xed the real part of the potential at the value ob-tained from our previous data analysis at 90.4 MeV beamenergy and varied only W0 in order to minimize the �2;b) we varied both V0 and W0, using the previously 
al-
ulated values as starting points.The two pro
edures gave slightly di�erent results, butleading to the same 
on
lusions. From the �rst approa
h,we 
ould estimate an imaginary strong absorption radiusRSW = 13:08� 0:03 fm and the 
orresponding potentialWsa = 0:102� 0:007 MeV. From the se
ond analysis, weobtained RSV = 12:20 � 0:08 fm for the real part andRSW = 12:67 � 0:18 fm for the imaginary part. Thevalues of the two potentials at these points were Vsa =2:23�0:09MeV andWsa = 0:27�0:03 MeV, respe
tively.We 
an 
ompare these radii with the ones obtainedfor the system 19F + 208Pb at 98 MeV beam energy:RSV = 12:62 fm and RSW = 12:75 fm [13℄. Also atthis energy the 17F imaginary (absorptive) potential ex-tends well outside the 
ore, whi
h is not the 
ase for 19F(RSV � RSW ). This e�e
t might be 
aused by the lowbinding energy of the last proton in 17F.C. Rea
tion 
ross se
tionsIn Fig. 7 we 
ompare our elasti
 s
attering angulardistributions with the opti
al model analysis of the ex-perimental data for four systems: 16O + 208Pb (Sp =12.127 MeV) [16℄, 17O + 208Pb (Sn = 4.143 MeV) [17℄



7TABLE II: Opti
al model potential parameters obtained from the best �t of four di�erent rea
tions. The data for 
uorineisotopes arise from our analysis, while the data for oxygen isotopes are taken from [16℄ and [17℄, respe
tively.rea
tion Elab (MeV) E
m/V
 V0 (MeV) r0v (fm) av (fm) W0 (MeV) r0w (fm) aw (fm) �2/pt �R (mb)17F + 208Pb 90.4 0.96 60.5 � 6.2 1.24 0.53 5.7 � 1.8 1.24 0.53 0.501 7719F + 208Pb 91 0.96 107.6 � 6.1 1.24 0.53 20.1 � 3.0 1.24 0.53 1.111 26916O + 208Pb 78 0.93 78.28 1.215 0.65 17.11 1.162 0.623 0.99 4717O + 208Pb 78 0.93 82.81 1.226 0.65 9.93 1.226 0.60 1.25 91
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state inelastic scattering best fit
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O+

208
Pb optical model best−fit

17
O+

208
Pb optical model best−fitFIG. 7: Comparison of the opti
al model analysis of the ex-perimental elasti
 s
attering angular distributions for 4 di�er-ent systems: 16;17O + 208Pb at 78 MeV, 17F + 208Pb at 90.4MeV and 19F + 208Pb at 91 MeV beam energy. The potentialparameters used are indi
ated in Table II. For the rea
tion in-volving 19F, we adopted the standard Woods-Saxon alreadyused for 17F, adding the ex
itation to the se
ond ex
ited stateat Ex = 0.197 MeV from a DWBA 
al
ulation (the �rst levelat Ex = 0.110 MeV was not in
luded, sin
e its 
oupling tothe ground state is very weak). The 
urve labelled \elasti
+ 2nd state inelasti
 s
attering best �t" is the result of this
al
ulation. From this analysis, it was also possible to extra
tthe pure elasti
 data (the 
urve labelled \opti
al model elasti
s
attering analysis"). Experimental data for the 17F + 208Pbsystem studied in this paper are also shown for 
ompleteness.at 78 MeV, 17F + 208Pb (Sp = 0.601 MeV) at 90.4 MeVand 19F + 208Pb (Sp = 7.994 MeV) [13℄ at 91 MeV beamenergy. At these energies, the ratios E
m/V
 are verysimilar for all the systems, as reported in Table II. We
learly see that the 17F 
ross se
tion is mu
h more similarto that of the Oxygen isotopes rather than to both theelasti
 and quasi-elasti
 19F 
ross se
tions. This fa
t wasquite surprising, sin
e the radioa
tive and very weaklybound 17F was expe
ted to behave di�erently from thewell-bound 16O and 17O.Table II summarizes the parameters used to �t thefour systems and in the last 
olumn we also list the val-ues of the dedu
ed rea
tion 
ross se
tions. The 19F data

were reanalyzed using the same pro
edure as for 17F andthe results are slightly di�erent with respe
t to the pub-lished data [13℄; Table II reports the values obtained fromour analysis. The rea
tion 
ross se
tions for the 16;17Oand 17F proje
tiles are similar and they are quite smaller(about a fa
tor 3) in 
omparison to the 19F 
ase. Thislarge di�eren
e 
ould originate from the 
olle
tive stru
-ture of 19F, sin
e its ground state (J� = 12+) is verystrongly 
oupled to the ex
ited state at Ex = 0:197 MeV,(J� = 52+), belonging to the same rotational band [18℄.To 
he
k this point, we have performed DWBA 
al
ula-tions for the ex
itations to this (
olle
tive) ex
ited statein 19F as well as to the 17F �rst (single-parti
le) ex
itedlevel. For 19F (17F), the 
ontribution of the 
al
ulatedinelasti
 s
attering 
ross se
tion to the elasti
 s
atteringangular distribution is fairly large (small) [� 20% (2%)℄.Therefore, we 
an 
on
lude that at Coulomb barrier en-ergies, it seems to be easier to ex
ite 
olle
tive stru
tures(even in a well-bound nu
leus like 19F) than to breakupa very loosely-bound nu
leus, as 17F. We have to bear inmind that in the 19F 
ase the low ex
itation energy aswell as the strong transition probability B(E2) enhan
esthis pro
ess. D. Breakup 
ross se
tionThe average value for the di�erential 
ross se
tion ofthe breakup pro
ess 17F ! 16O + p is 2.6 � 1.2 mb/sr.The 
ross se
tion of the \two-body" breakup pro
ess(with both 16O and p in the exit 
hannel) is rather small,if the behaviour at forward angles is the same as atba
kward angles. Similar results for this system havealready been observed at 170 MeV bombarding energy,well above the Coulomb barrier, where the 
ross se
tionfor the \two-body" breakup [19℄ was found to be mu
hsmaller than the \one-body" breakup [20℄ (only 16O inthe exit 
hannel). These results are in good agreementwith the predi
tions of Esbensen [21℄.Therefore, we 
an 
on
lude that at energies around theCoulomb barrier the \one-body" breakup is the strongestbreakup pro
ess. A similar result has already been ob-served for the system 6Li + 208Pb at Coulomb barrierenergies: the 
ross se
tion of the one-body (in
lusive)breakup was found to to be � 5 times larger than thatof the two-body (ex
lusive) breakup [7, 22℄.



8V. CONCLUSIONSIn the present paper the 17F s
attering from a 208Pbtarget has been studied at energies around the Coulombbarrier with the large solid angle dete
tor array EX-ODET.The 17F angular distribution was measured in the po-lar angle � range from 115Æ to 155Æ and an opti
al modelanalysis was performed in order to get the best �t po-tential parameters. The values of the real and imaginarystrong absorption radii were 
al
ulated and both poten-tials at these radial points determined. The results at90.4 and 98 MeV were 
ompared with those obtained forthe system 19F + 208Pb at about the same E
m/V
 val-ues. Contrary to 19F, the strong absorption radii of theimaginary potential are systemati
ally� 10% larger thanthose of the real potential. This e�e
t might be due to

the very small 17F binding energy.The elasti
 s
attering angular distributions of thesetwo isotopes are quite di�erent; the 17F 
ross se
tionsare very similar to those of the well-bound nu
lei 16;17O,while the 19F rea
tion 
ross se
tion turns out to be afa
tor 3 larger. From this observation we 
on
lude thatin our 
ase 
olle
tive modes in 19F are stronger than thebreakup probability in 17F.We have also performed a �rst dire
t measurement ofthe breakup pro
ess 17F !16O + p 
ross se
tion belowthe Coulomb barrier. The rather small 
ross se
tion valueis not in 
ontradi
tion to the large breakup probability,under the hypothesis that the strongest breakup 
hannelhas only one outgoing fragment (16O), while the otherfragment (p) is 
aptured by the target. This behaviour isin agreement with what found in the system 6Li + 208Pb[22℄.[1℄ M. A. Nagarajan, J. Phys. G 23, 1479 (1997).[2℄ E. F. Aguilera et al., Phys. Rev. Lett. 84, 5058 (2000).[3℄ C. Signorini et al., Phys. Rev. C 61, 061603(R) (2000).[4℄ N. Keeley et al., Nu
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ienti�
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