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Quasi-Elastic Barrier Distribution for the 7Li + 144Sm weakly bound system
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Excitation function of quasielastic scattering for the 7Li + 144Sm system have been measured at
backward angles for a range of energies from well below to above the Coulomb barrier. Fur-
thermore, the corresponding barrier distribution was extracted by employing a numerical method
which consists in the first derivate with respect to the energy of the quasielastic excitation func-
tion. The theoretical calculation was done by the CCBA formalism in the CDCC framework. The
channels employed in analyzing the nuclear reaction were the one neutron stripping and sequen-

tial breakup.
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Quasielastic Denilson R. Otomar

1. Introduction

In a previous work[1], we considered the role of the inelastic channels both 7Li and 144Sm
in the quasielastic scattering. Beside, we computed the influence of the 7Li breakup. Now, we
perform a complete calculation for that system by including the one-neutron stripping channel and
the sequential breakup channel. In the case of one-neutron stripping channel, its inclusion in the
CDCC formalism was performed by CRC calculations. The sequential breakup channel consists in
one-neutron stripping followed by 6Li breakup which is assumed to split into alpha and deuterium
particles[2]. The procedure to describe the data was performed within the CDCC formalism con-
sidering a cluster folding for the structure of 6,7Li. As the sequential breakup channel represents
a two-step process, it was not possible to include it directly into the full CDCC calculation. So,
the tricky employed was the CCBA framework, i.e., CC in the entrance channel, CDCC in the exit
one and DWBA for the transfer step. All these calculations were done using the code FRESCO,
and the São Paulo potential as a parameter free bare potential which explains the elastic scattering
data. It is important to emphasize that no parameter search was performed to fit the data, but rather
a comparison between excitation function and its barrier distribution with theoretical predictions.
The quasielastic scattering is defined as

σqel = σ el +σ inel +σ tr

It has an important application because it represents an alternative way to describe the fusion.
The fusion is connected with transmission coefficient (T) through a barrier and the large angle
quasielastic scattering is connected by reflection cofficient (R) through that barrier. Because the
conservation of reaction flux, these two processes may be considered as complementary to each
other. So, due to this complementarity, we have

D f us(E) =− d
dE [

dσqel(E)
dσRuth(E) ],

where the term between the brackets on the right side is the reflection coefficient (R(E)). As the
breakup channel feeds states in the continuum, its role in the elastic and inelastic scattering and
fusion cross section for weakly bound systems is very different from that involving tightly projec-
tiles. Thus, for the defined quasielastic scattering, we must add breakup cross section (σNCBU ). The
breakup formalism is very complex, since after the fragmentation of projectile, different processes
can take place. If we assume a fragmentation into two fragments, we have the following possi-
bilities: NCBU (Non-caputre breakup), the two fragments fly away; SCF (Sequential complete
fusion), the two fragments are captured by the target, consecutively; ICF (Incomplete fusion), only
one of the fragments is captured by the target. Therefore, for the systems involving weakly bound
projectiles quasielastic scattering (NCBU) is complementary to the CF (SCF + ICF). From the ex-
perimental point of view, measuring the fusion is quite difficult because the evaporation residues
have too low energy to be detected by conventional detectors window and, besides, they do not
decay neighter by alpha-emission nor by fission, which could be easier detected. By other hand,
quasi-elastic measurement requires only the use of telescope at backward angles and counting ev-
erything impinging on it (el + inel + tr + NCBU). This is another advantage upon fusion.
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2. Experimental setup

The experiments were performed at the Tandar laboratory. The detection system consisted of
two ∆E-E telescopes, with thicknesses of 15 and 30 µm, respectively, and with 150 mm2 of area.
For more experimental details, see reference [1]. In Figure 1, we have a typical tri-dimensional
spectrum. According to the Figure, the events associated for Z = 1, Z = 2 and Z = 3 can be seen and

                           


qel
=

el


inel


transfer

qel  =  el  +   i nel + t ransfer

Figure 1: The tri-dimensional spectrum. The data was measured at ELab(MeV ) = 27MeV and θLab =−155o

.

separated. Furthermore, for Z = 1, we can distinguish events associated with hydrogen, deterium
and tritium particles. For the Z = 1 and Z = 2 events were not considered in our present analysis
because it was not possible to clearly distinguish the corresponding reaction channels, whether is
a NCBU or transfer or evaporation of the CF an ICF (deuterium, tritium, alpha, etc.)of compound
nuclei. So, Z = 3 events do not correspond to the full quasi-elastic cross section, but rather a lower
limit of it. Then, the contributions associated with NCBU and ICF are not taken into account.

3. Theoretical formalism

3.1 Coupled Reaction Channel

To include the one-neutron transfer channel, finite range approximation, pos-interaction, and
full real remnant have been adopted. As the Q-value is about -0.493 MeV, only transfer to the
ground state of 145Sm was considered. For more details, see reference [1]. Below, we have the
following coupled reaction equations (CRC)

[(E− εα)−Kα −〈α|Vα |α〉]uα(~rα) =
∫

drβ Kαβ (~rα ,~rβ )uβ (~rβ )

[(E− εβ )−Kβ −〈β |Vβ |β 〉]uβ (~rβ ) =
∫

drαKβα(~rβ ,~rα)uβ (~rβ ),

where:
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Vα =Vα(~rα ,~r,ξα) =Vα−target(~rα ,~r,ξα)+Vt−target(~rα ,~r,ξα)

The kernels K include differential operators, namely the operators contained in the Hamilto-
nian for the kinetic energy of relative motion. For the real parts of the 4He + 144Sm and t + 144Sm
optical potentials, a double-folding potential was used. For the matter densities of the 144Sm tar-
get, those of the systematic of the of the São Paulo potential were used. Under these assumption
that the matter density and the charge density have similar distributiions, we have calculated the
matter distribution of the t cluster as the sum of the charge distributions of t and 3He, which were
obtained using the parameters of Ref.[4]. A similar procedure was applied for 4He, for which the
matter distribution was calculated as twice its charge distribution. For the imaginary part, we use
the so-called "IWBC, Ingoing Wave Boundary Conditions".

3.2 CCBA formalism

For the sequential breakup (transfer-breakup)[3], we use the formalism of CCBA which scheme
can be seen in the Figure 2.

                           

7Li

6Li

6Li*

144Sm

145Sm
144Sm*

7Li*

145Sm*

DWBA

DW
BA

CC

Figure 2: CCBA scheme.

In this way, the corresponding coupled equations are

[(E− εα)−Kα −〈α|Vα |α〉]uα(~rα)≈ 0

[(E− εβ )−Kβ −〈β |Vβ |β 〉]uβ (~rβ )≈
∫

drαKβα(~rβ ,~rα)uα(~rα),

where:

Vβ =Vβ (~rβ ,~r,ξβ ) =Vα−target(~rβ ,~r,ξβ )+Vd−target(~rβ ,~r,ξβ )

The diagonal potential used in the optical model (One-channel) calculations was obtained
by single folding the interactions (Coulomb plus nuclear) 4He + 144Sm and d + 144Sm in the α-
deuteron ground-state wave function. For the 4He, d + 144Sm optical potentials, a double-folding
São Paulo potential (SPP) was used. The matter density of the 144Sm target was taken from the
systematic of the São Paulo potential. Assuming that charge and matter densities have similar
distributions, the matter density distribution of the d (deuteron) was obtained multiplying by 2 the
charge distribution reported in ref.[5]. For the matter density of the 4He cluster the same procedure
was applied. In this situation, we use the São Paulo potential both the real part and the imaginary
part of the potential. This is necessary, because of the presence of high-order terms. The model
space used to discretization is given in Figure 3.
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Rbin : 160 fm
εmaximum : 6.80 MeV

                          

240 fm
6.80 MeV

Figure 3: Model space for 6,7Li [6, 7]

4. Results

In Fig. 4, we have a comparision between the calculus with data.
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Figure 4: (a) Corresponding barrier distribution for the (a) Partial quasi-elastic excitation function at θLab =

155o. The thickiest line represents the CCBA calculation and the dotted-dash line represents CRC.

5. Conclusions

In conclusion, the one-neutron stripping is negligible for both the excitation function and the
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corresponding barrier distribution. In the case of sequential breakup, the comparision between
the excitation function with data is reasonable. For the barrier distribution the agreement is ex-
celent, because this quantitiy describes well near-barrier excitation functions. The not so good
agreement with the excitation function at high energies might be explained by the omission, in our
calculations, of other possible transfer channels preceding the breakup, such as the pick-up of one
proton[8]. The inclusion of this channel in the calculations, nevertheless, it is not easy, since it
produces 8Be that later decay into α + α .

The potential used in the sequential breakup is quite different from that used in CRC, because
the presence of the second-order term in the DWBA expansion (a two-step process).
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