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Abstract. Recent development of an imaginary potential based onabePaulo potential is briefly presented.
Further developments of the model in order to describe weakly bowsterag €.g. ’Li +2°Sn) are discussed and
compared to experimental data. New preliminary data ort%e'°Pd transitional system are also presented
and apparent similarities to the weakly bound case are commented.

1 Introduction such systems (viZ80+11%Pd) [8] will be presented and
compared to the theoretical predictions.

The predictive power of nuclear models for nuclear reac-

tions is rather limited in many cases. Part of the limitagion

come from the need for specific parameter adjustments to2 The SPP based imaginary potential

the experimental data, which can only be performed af-

ter the data have been taken. The preseNnt work describe§ne g0 Paulo bare potential (SPP), in the local equivalent
the development of models based on tféo $aulo Po- version, is given by:

tential (SPP) [1-3] in an attempt to partly overcome these

difficulties. The SPP is theoretically founded on the Pauli sp )

non-locality, which arises from quantum exchanffecs. Vie(RE)=Ve(Re ¢ 1)

It has been experimentally tested in a wide variety of mass . . :

and energy regions (up to 200 Mgcleon) in combi- whe‘:zeVF(R) is the double folding [9] potential, and the

R)
nation with diferent theoretical approaches. It does not term e‘% is the local velocity {(R)) dependent correc-
contain any adjustable parameter and, combined with cou-tion arising from Pauli non-locality (PNL).
pled channel (CC) calculations, provides a powerful tool As mentioned in the introduction, the SPP used ina CC
for predicting cross sections for quiteldirent systems and  calculation with the relevant couplings provides a good de-
energies around the Coulomb barrier [4]. Recently, a new scription of elastic and quasi-elastic processes neatrahe b
generation of SPEC calculations has been developed [5] rier. The compound nucleus (CN) formation can be appro-
with the aim of describing reactions at energies for which priately taken into account by an internal absorption (I1A)
dissipative processes, such as deep inelastic collisii@y( potential consisting of a Woods-Saxon shape with large
are important. This has been done with the introduction depth and small diuseness parametex £ 0.2 fm). When
of an imaginary potential with the same shape of the SPP,dissipative processes such as deep inelastic collisio@) (D
and the predictions have been confirmed in diverse sys-are important (at higher energies or very large masses), the
tems. This will be briefly described in Sec. 2. In Sec. 3 number of channels becomes very large andiemint ap-
further developments will be described to deal with light proach is necessary. In this case a very good description
weakly bound participant systems (&:6Li+2°Sn) [6, 7] can be done by introducing an imaginary potential which
where the &ect of the coupling to the continuum becomes is proportional to the SPP. The constant of proportional-
important, and in Sec. 4 a similar situation in transitional ity can be estimated considering a relatively simple en-
systems where, apparently, the coupling to an energy re-ergy region (where Pauli blocking and Pauli non-locality
gion of high level density comes about. Some new data onare unimportant) around 200 M@wcleon, where both the
real and imaginary potential are approximately equal and
@ e-mail: zero@if.usp.br proportional to the double folding potential:
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Fig. 1. Excitation functions of80+!1%Pd system (top: inelastic;
V(R) ~ W(R) ~ 0.6VE(R) 2) bottom: 2n transfer to excited states)

For energies below 100 MgNucleon, however, the fold-
ing potential has to be replaced by the SPP. This is dis-
cussed in detalil in [5]. The resulting nuclear potential is -
presented in the following equation: 80 +"%g I

10 4

INELASTIC EXCITATIONS

Us(R) = (1 + 0.6)VE(R) 3)

With this potential a varied number of systems can be
described very well (in CC calculations), such as*{ta,
n+27Al, 160+27Al, 10+°0Ni, %8Ni+!24sSn [5], without the 0a] Ao comemu sssomnon
readjustment of any parameter. For weakly bound cases W=i0SFP ANDV = 0.6SPF POLARIZATION CORRECTIONS
however, a modification of the real potential is necessary. 35 a0 a5 50 55

This is the subject of the next section. E_.s(MeV)
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TWO NEUTRON TRANSFER

3 The weakly bound case ’Li 0414

Sakuragy, Yahiro, and Kamimura [10] have shown, with
the method of coupled discretized continuum channels (CD
that the dynamic polarization potential due to thebreakup 0.01
is strongly repulsive, andfiectively reduces the intensity

of the real double-folding potential (in a single-channel P e e A )
calculation) by a factor of 0.5-0.6. It is interesting to eot E_.(MeV)

that in this case, according to our view, such a reduction
results in a situation similar to that encountered at the 200
MeV/nucleon regionj.e. both real and imaginary poten-
tials approximately equal (see also [6, 7]). We proposeethe
fore, to test if the following nuclear potential would be ap-
propriate also for the weakly bound cases:

o(8)mb

== === =FULL CC INTERNAL ABSORTION}
FULL CC (INTERNAL ABSORTION)+

W=i0.6SPP AND V = 0.6SPP POLARIZATION CORRECTIONS

At somewhat higher energies, however, the experimental
cross sections are relatively enhanced and a better agree-
3 .\ ,SP ment with the data is again accomplished by the use of
U2(R) = (0.6 + 0.6)VE(R) “) the potentiall, as in the’Li case (see fig. 1). This sug-

It has to be noticed, however, that the above proceduregests that again a dynamic polarization potential which
could not be applied to a collision with a very high-Z tar- decreases theffective real potential is in operation. This
get, where the long-range Coulomb-breakup plays an im-could be due to an increased level density, at somewhat
portant role. The inclusion of the Coulomb break-up in the high excitation energies, of the transitional nucleus-¢fd.
calculations is under development.

A good description of théLi + '2°Sn reaction exper- In order to study this system in more detail, a new ex-
beam energy of 19.5 MeV (slightly below the barrier) with gy spectrometer of the University 0&8 Paulo. This spec-
the potentiall; (eq. 3), while at 20.5 (the barrier) and 25 {rometer was configured with a set of collimators in or-
MeV, a consistent description is obtained with the poténtia ger to limit the angular range of the particle detectors [8],
Uz (eq. 4), considering the usual densities obtained from ayhich allowed for the measurement of gamma-particle an-
Dirac Hartree-Fock calculation systematics [3]. This is de gular distributions. Figure 2 presents sample spectra at a
scribed in more detail in [6,7]. There is a characteristic peam energy of 54 MeV obtained in this experiment. Fig-
enhancement of the cross section at large angles (see alsgre 3 presents preliminary results of the measurements at
[11]). two different energies. The theoretical calculations with

the potentialU, have not been performed yet, but it can

be seen that the standard CC calculation (with potential
4 The transitional case '°Pd U,) indeed tends to underestimate the cross sections as

the scattering angle is increased. However, detailed €alcu
The 80+%Pd system was studied in [12]. In that experi- lations of the gamma-particle angular correlation, consid
ment, besides particle singles spectra, measurements werering the nuclear potential, have still to be performed for a
performed with an annular particle detector in coincidence more precise comparison. So far, the Coulomb excitation
with two gamma-ray detectors. The excitation functions angular correlation has been used as a rough approxima-
extracted for the inelastic and transfer to excited states a tion, since the energies studied are not far above the bar-
well described, below and near the barrier, with a cou- rier. Figure 3 presents the results obtained from one of the
pled channels calculation employing the potential of eq. 1. 4 gamma detectors (at 11 the beam direction). Simi-
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Fig. 2. Sample spectra of th#0+11%Pd experiment obtained  tial (SPP) by a factor of 0.6 is necessary for consistency

with the Saci-Perere spectrometer. The target was composed ofVith the experimental results. Further studies, both exper
a 0.84 mgen? thickness*°Pd with a 1.49 mgn? thickness mental and theoretical are under way in order to define the
gold backing. Top-left: Typical plastic scintillatotE — E bi- degree of generality and reliability of this approach.
parametric spectrum &ty = 60°; Bottom: Gamma spectrum at

Olab = 110 !n coincide.nce with the beaml-like' particle§ cut on.the We acknowledge support by the agencies FAPESP - Féadac

Do b ATAeL Sheciu, T L. bean e BAIes de Ampar Pesqsa o Etaco P, CNRq - Conselho

thicEAIJE lastic aner) gated on the‘y?_E o transitioel (374 ke\)) Nacional de Desenvolwr_nento Ciéfinto e Tecnabgico, and CAPES
- Coordenago de Aperfeicoamento de Pessoal dedNSuperior

110, + 3+ iti 97
.Of . Pd, a_nd on th(% — 3 transition (279 keV) of Au,_as (Brazil), and FCT - Fund&@p para a @Gncia e a Tecnologia (Por-
indicated in the figure (the Compton and random coincidences tugal)

related background has been subtracted).
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lar results are obtained from any one of the other 3 gamma
detectors, indicating consistency of the approximation.

5 Conclusions

The description of various low-energy nuclear reactions
can be successfully accomplished with a coupled channels
calculation using an optical model with both real and imag-
inary parts taken as proportional to the SPP. The procedure
is free of parameter adjustments and therefore should have
considerable predictive power. For weakly bound and tran-
sitional nuclei it appears that a reduction of the real poten
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