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Disentangling the transfer and breakup ontributions from the inlusive
8Li+208Pb reationA. M. Moro and R. CrespoDepartamento de Físia, Instituto Superior Ténio, 1049�001 Lisboa, PortugalH. Garía-Martínez, E. F. Aguilera and E. Martínez-QuirozDepartamento del Aelerador, ININ, A.P. 18�1027, C. P. 11801, Méxio, D. F.J. Gómez-CamahoDepartamento de FAMN, Universidad de Sevilla, Apdo. 1065, 41080 Sevilla, SpainF. M. NunesUniversidade Fernando Pessoa, Praça 9 de Abril, 4200, Porto, PortugalAbstratAn analysis of the 8Li+208Pb reation at energies around the Coulomb barrier is presented. The studyis foused on the elasti and one-neutron removal hannels. For the elasti sattering, an optial modelanalysis of the experimental data is performed. The observed 7Li is interpreted as the superposition of theone-neutron transfer reation, 208Pb(8Li,7Li)209Pb, and the breakup reation. The separate ontribution ofeah one of these proesses has been alulated within the DWBA formalism. The sum of both ontributionsexplains adequately the experimental angular distribution of 7Li.Keywords: reations with weakly bound nulei, optial model and DWBA analysis, elasti sattering,transfer and breakup reations.Presentamos un análisis de la reaión 8Li+208Pb a energías en torno a la barrera oulombiana. Elestudio se entra en los anales de seión e�az elástia y de separaión de un neutrón. Para la dispersiónelástia, se ha efetuado un análisis de modelo óptio de los datos experimentales. El 7Li observado ha sidointerpretado omo una superposiión de la reaión de transferenia de un neutrón,208Pb(8Li,7Li)209Pb,y la reaión de fragmentaión. La distribuión de ada uno de estos proesos se ha alulado dentro delformalismo DWBA. La suma de ambas ontribuiones explia adeuadamente la distribuión angular del

7Li medido.Desriptores: reaiones on núleos poo ligados, análisis de modelo óptio y DWBA, dispersión elástia,reaiones de transferenia y ruptura.PACS: 24.10.Eq, 24.50.+g , 25.60.JeI. INTRODUCTIONDuring nearly two deades a onsiderableamount of experimental data of nulear rea- tions with radioative beams has been aumu-1
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lated. These data have onstituted our mainsoure of knowledge of exoti nulei. Due to theexperimental tehniques used in the produtionof these beams, most of these experiments or-respond to medium and high energies (tens orhundreds of MeV per nuleon). At low energies,however, the sare amount of data and the theo-retial di�ulties turn the situation more uner-tain. Many important questions onerning therelevane of the di�erent reation mehanisms orthe e�et of the weakly bound nature of exotinulei on the sattering observables remain unan-swered. For instane, a problem that has beensubjet of exhaustive theoretial and experimen-tal work [? ? ? ? ? ℄ but does not seem tobe fully lari�ed is the possible role of the halonuleon/s on the enhanement or suppression ofthe fusion ross setion in subbarrier reations.Another question that requires further analysesis the apparent absene of the threshold anomalyin weakly bound systems [? ℄. Another strikingresult is the large transfer/breakup ross setionobserved in the 6He+ 209Bi reation at energiesbelow the barrier [? ? ℄.In a reent experiment performed in the RNBfaility at Notre-Dame, the sattering of 8Lion 208Pb at bombarding energies around theCoulomb barrier was measured [? ℄. This ex-periment holds interesting reperussions withinthe ontext of the previoius disussion, sine itinvolves the weakly bound nuleus 8Li. As a dis-tintive feature, this reation displays a promi-nent 7Li group. The large ross setion assoi-

ated with this group is interpreted as an enhane-ment of the one-neutron removal hannel due tothe weak binding of the valene neutron in 8Li.This result resembles the strong 4He group ob-served in the 6He+209Bi reation [? ℄. However,while in the 6He ase a realisti desription ofthe transfer and breakup mehanisms would re-quire a three-luster model, in the ase of the 8Liprojetile a two-luster model (7Li ore plus avalene neutron) may be adequate for this prob-lem. Thus, it is expeted that the analysis of the
8Li+208Pb reation is signi�antly easier and anpermit the extration of useful physial informa-tion about the relevant reation mehanisms.In this work, we present an analysis of the re-ferred experiment, with speial emphasis on theelasti and single-neutron removal hannels. We�rst study the elasti angular distributions, interms of optial potentials. From this analysiswe an onlude on the relevane of non-elastihannels. The obtained optial potentials willalso be used in the analysis of the transfer andbreakup hannels. For these, DWBA alula-tions will be performed.II. ANALYSIS OF ELASTIC SCATTER-ING DATAThe study of the elasti sattering by meansof optial potentials (OP) provides informationon the nature of the interation between the ol-liding nulei and on the importane of non-elastihannels.2
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Figure 1: Comparative study for the elasti satter-ing of 8Li and 7Li on 208Pb. See text and labels fordetails.In previous works [? ? ℄, the similitude be-tween the sattering of 8Li and 7Li has beenmade apparent. In these works, it is shown thatthe same potentials that �t the 7Li sattering on
12C and 58Ni give also a good agreement for the
8Li sattering on the same targets and at similarenergies.We examine this result in the present rea-tion. For this purpose, we ompare in Fig. 1 theexperimental data for 8Li+208Pb at 34.4 MeVwith the data for 7Li+208Pb at Elab=33 MeV,reported in [? ℄. The latter an be auratelydesribed using the OP listed in Table I and rep-resented by the dotted line in Fig. 1 . Using theseparameters we performed an OM alulation for
8Li+208Pb at Elab=34.4 MeV. This alulation,shown by the dashed line in Fig. 1, learly fails toreprodue the data, partiularly at angles aroundthe rainbow. The quality of the �t an be im-

proved by using a more absorptive potential. InFig. 1 we show the result obtained with two dif-ferent optial potentials: the �rst one, labeledas �Pot 1� in Table 1 and plotted with the solidline, was obtained by �tting the depths and theimaginary di�useness to the data. This proe-dure leads to a very deep imaginary potential.Due to the strong absorption, the alulationsare not very sensitive to the real potential. Wefound that keeping the same real part of the in-teration as that for 7Li+208Pb, a good �t to theexperimental data ould also be ahieved using adi�use imaginary potential (�Pot 2� in Table 1).The orresponding elasti angular distribution isgiven by the dotted-dashed line in Fig. 1. Thesealulations suggest a more absorptive nature inthe ase of 8Li, in apparent ontradition withprevious results [? ? ℄. This disrepany mightbe explained by noting that at energies aroundthe barrier the OP depends signi�antly on theenergy and also that the 8Li and 7Li barriers dif-fer by about 4 MeV [? ℄.It is worthwhile to note that the reportedelasti data ontains a ontribution from the 1+exited state of the 8Li nuleus (ǫx=0.98 MeV),whih ould not be separated in the experiment.This inelasti ontribution an be extrated in amodel dependent way by performing a oupledhannels (CC) alulation in whih the groundand exited states are inluded expliitly, andoupled to all orders. For the oupling matrixelements we took the reported values for the ele-tri transition probability, B(E2; 2+ → 1+), and3



Table I: Optial potential parameters used inthe analysis of 7Li+208Pb elasti sattering at
Elab=33 MeV and 8Li+208Pb at Elab=34.4 MeV. Inall ases, r0 = rw=1.3 fm, a0=0.65 fm and rC =

1.25 fm. The last olumn gives the hi square perdata point.
V0 W aw σR χ2(MeV) (MeV) (fm) (mb)

7Li+208Pb 15.4 13.2 0.65 -
8Li+208Pb (Pot 1) 37.1 154 0.57 1231 1.11
8Li+208Pb (Pot 2) 15.4 58.4 0.70 1275 1.51the deformation parameter, β [? ℄. Further de-tails of this alulation are given in [? ℄. Themain onlusion is that there is an importantontribution from inelasti events at large angles.We extended the optial model analysis tolower energies. The extrated optial potentialparameters, given in [? ℄, indiate that very ab-sorptive potentials are also required at energiesdown to Ecm=24.4 MeV.III. THE TRANSFER/BREAKUP REAC-TIONAs observed in previous reations involving

8Li as a projetile, the present experiment showsa large ross setion for the 7Li yield, omingfrom the one-neutron removal hannel. This phe-nomenon is a onsequene of (i) the weak bindingof the valene neutron (ǫ0=2.03 MeV), whih re-sults in a positive Q value, and (ii) the 2+ spin ofthe 8Li ground state, whih allows multiple angu-lar momentum transfers. Aording to Q value

arguments, both the one-neutron and breakuphannels are energetially favoured so, in prini-ple, both proesses an ontribute substantiallyto the measured 7Li yield.One of the objetives of this work is to eval-uate the relative ontributions of both meha-nisms, and to verify that their sum explains thetotal measured yield.A. Single-neutron transferWithin the post form of the Distorted WaveBorn Approximation (DWBA), the one-neutrontransfer amplitude for our reation reads
T = 〈χ[7Li,209Pb]φ[n,208Pb]|Vtrans|χ[8Li,208Pb]φ[n,7Li]〉(1)with the transfer operator Vtrans = V[n,7Li] +

U[7Li,208Pb] − U[7Li,209Pb]. For the interation
V[n,7Li], that binds the neutron to the 7Li ore, wetook the 8B binding potential used in [? ℄, withthe depth modi�ed to reprodue the binding en-ergy. In Eq. (1), χ[8Li,208Pb] and χ[7Li,209Pb] arethe distorted waves desribing the elasti sat-tering in the entrane and exit hannels, respe-tively. The former was generated with the po-tential �Pot 1� of Table I, and the latter with the
7Li+209Pb optial potential, also given in this ta-ble. The funtions φ[n,208Pb] and φ[n,7Li] representthe overlap integrals (209Pb|208Pb) and (8Li|7Li)between internal states . The transfer was al-ulated to all bound states in 209Pb (see Fig. 2).These states were desribed using pure single-partile on�gurations, with the quantum num-4



bers and spetrosopi fators taken from the lit-erature. In the ase of 8Li, we assume a ore plusvalene neutron struture with the omponents
(a)

[

|7Li(3/2−)〉 ⊗ |p3/2〉
]

2+
,

(b)
[

|7Li(3/2−)〉 ⊗ |p1/2〉
]

2+
,

(c)
[

|7Li(1/2−)〉 ⊗ |p3/2〉
]

2+.

(2)Therefore, the relevant spetrosopiamplitudes for the ground state of
8Li are A3/2 = CFP (2+|3/2−, 1p3/2),
A1/2 = CFP (2+|3/2−, 1p1/2), and
B3/2 = CFP (2+|1/2−, 1p3/2), where wehave used the de�nition

CFP (J |J7, nlj) =
〈8Li(J)||a+

nlj ||7Li(J7)〉√
2J + 1

, (3)with the 3j phase onvention of [? ℄.We adopted the values: A3/2 =
√

8/9, A1/2 =
√

2/9 and B3/2 = −
√

2/9, whih are derived inRef. [? ℄ making use of Wigner supermultipletsheme. Note that the omponent () in (2) or-responds to a 8Li on�guration with the 7Li orein the exited state 1/2− at ǫx=0.48 MeV. Sinethe energy resolution of the present experimentdid not permit the separation of both states, thisomponent has to be inluded in the alulationof the 7Li ross setion. The alulated ross se-tions are shown in Fig. 3. The thik dashed linerepresents the so alled elasti transfer, wherethe 7Li is emitted in the ground state. The thindashed line is the inelasti transfer, oming fromthe omponent () in Eq. (2). We see that theelasti transfer aounts for most of the observed
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Figure 2: Coupling sheme used in the DWBA al-ulations for one-neutron transfer and breakup.
7Li, while the inelasti transfer gives a small (butnon negligible) ontribution.B. The breakup reationThe breakup proess an be visualized as atransfer of the valene neutron to the targetontinuum (see Fig.�2): 208Pb(8Li,7Li)n208Pb.Within this approah, the breakup ross setionan be alulated using the expression (1), justby replaing the 209Pb bound state wave fun-tions by n-208Pb sattering funtions. Sine theontinuum spetrum ontains an in�nite set ofstates in both energy and relative angular mo-mentum, a proedure of disretization was per-formed. For this purpose, for eah partial wavethe ontinuum was divided into N = 3 energybins of equal width and up to ǫ = 6 MeV for themaximum relative energy between n and 208Pb.Only the partial waves 0 ≤ ℓ ≤ 6 were retainedin the alulation. Test alulations showed thatthe ontribution from higher partial waves gives5
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Figure 3: Angular distribution for the 7Li yield pro-dued in the 8Li+ 208Pb reation at Elab=34.4 MeV.The dots and squares orrespond to the experimentaldata of Ref. [? ℄. The lines orrespond to our DWBAalulations for the transfer and breakup ontribu-tions, as indiated by the labels.a small ontribution to the breakup. As in thease of the transfer, the �nal 7Li an be produedin the ground or exited state, giving rise to elas-ti and inelasti breakup ontributions, respe-tively.The angular distributions alulated for theelasti and inelasti breakup ross setions arerepresented in Fig. 3 by the thik and thindotted-dashed lines, respetively. Also shown isthe sum of the alulated transfer and breakupontributions, given by the thik solid line. As itan be seen, it gives a fairly good agreement withthe experimental data, reproduing the shape ofthe angular distribution and its normalization.Aording to our alulations, the transfer han-nel aounts for about 80% of the observed 7Liyield. However, it is interesting to note that

for sattering angles above 120 degrees, there isan inversion of the relative importane of bothmehanisms. In this region, the 7Li partiles aremainly produed through the elasti breakup ofthe projetile.IV. SUMMARY AND CONCLUSIONSIn summary, we have analyzed the reentlymeasured reation 8Li+208Pb at energies slightlyabove the Coulomb barrier. Experimentally, thisreation shows, as a remarkable feature, a strongyield of 7Li partiles, whih is attributed to theweak binding of the valene neutron in the 8Linuleus. An optial model analysis of the elas-ti di�erential ross setions re�ets a very ab-sorptive nature for the proess, probably due tothe loss of �ux in the elasti hannel leadingto the prodution of 7Li and 4He. Our DWBAalulations indiate that the transfer ross se-tion is the main mehanism responsible for theone-neutron removal hannel, although there isalso an important ontribution oming from thebreakup hannel, whih is atually the dominantmehanism at bakward angles. The sum of bothontributions aounts quite well for the mea-sured 7Li angular distribution in both shape andabsolute magnitude. Other e�ets, suh as thethe importane of the 1+ exited state on thetransfer ross setion and the e�et of the trans-fer hannels on the elasti ross setions are nowunder study and will be published elsewhere [?℄.6
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