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Abstract 

Elastic and inelastic scattering of polarized 7Li from 2°sPb at 33 MeV is investigated by means 
of the continuum-discretized coupled channel method, using diagonal and coupling potentials 
derived from empirical a, t-target optical model potentials. The effects of the projectile breakup 
into a + t as well as target excitation and one-neutron transfer reaction are studied. A good 
description of the experimental data is obtained. The scattering of 7Li from 2°sPb at 33 MeV is 
found to be of similar nature to the scattering of 6Li from the same target and at the same energy. 

PACS: 25.70.Bc; 25.70.Hi 
Keywords: NUCLEAR REACTIONS 2°8pb(polarized 7Li,7Li)z°8pb, Ex = 0.0, 0.478, 2.615 MeV, 
2°8pb(polarized 7Li,6Li)2°9pb, Ela b = 33 MeV; CDCC and CRC analysis 

1. In t roduc t ion  

Effects of  the strong coupling of  the elastic to the inelastic and transfer channels are 

known to be very important at energies close to the Coulomb barrier. Optical Model 

(OM) calculations for the 160+2°8pb elastic scattering [1] ,  with the bare potential 

obtained from folding nucleon-nucleon interactions of  M3Y type with the projectile 

and target nucleon densities, overestimated the cross section data to large extent. An 

extensive coupled reaction channel (CRC) study of  this scattering, which included 
projectile and target excitations as well as transfer reactions, led to a good description 

of  the experimental elastic scattering data. The effective polarization potential derived 

from the CRC calculations was attractive and energy dependent. 
Analyses of  elastic scattering of  weakly bound nuclei like 6,7Li or 9Be led to the 

conclusion that the polarization potential associated with the projectile breakup in the 
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field of the target nucleus is repulsive [2-4].  OM analyses of 7Li scattering on many 
target nuclei [2,5-8] with the diagonal potentials obtained from a double folding (DF) 
model have shown that the experimental data could be reproduced with a reduced 
strength of the real folding potential. Analyses of 7Li scattering, by coupled channel 
calculations (CC) which included 7Li --~ a + t sequential breakup via the resonant 

7 / 2 -  state at 4.63 MeV and the 5 / 2 -  state at 6.68 MeV, partly accounted for this 
reduction [2,5-7]. The role of the 7Li direct breakup via its nonresonant continuum 
was also investigated by means of the continuum-discretized coupled channel method 
(CDCC) and the effect of coupling to the nonresonant states was found to be of the 
same nature as for the sequential breakup [2,9]. 

Recently [ 10], data on the elastic scattering of 6Li and 7Li by 2°8Pb were taken 
to investigate the scattering behaviour of these projectiles near the Coulomb barrier. 
Analyses of the data by means of OM with DF potentials indicated that the polarization 
potential for 6Li remains repulsive for all energies, while for 7Li the potential changes 
sign and is attractive, as for 160, at near barrier energies. This change affects both the 
central and tensor parts of the potential, and is consistent with dispersion relations [ 11 ]. 
This finding suggested that some processes other than projectile breakup may dominate 
at the barrier. One-neutron transfer was among the most obvious candidates. However, 
a detailed study using polarized 7Li beam and analysis of the data by means of CRC 
method [12] could not explain this anomaly. In the analysis projectile excitation to 
its low-lying resonant states as well as one-neutron transfer channels were included. 
Although the inclusion of the transfer channels induced an effect equivalent to the 
attractive polarization potential, the final results of the calculations still overestimated 
by far the values of the differential cross section for 7Li+2°spb elastic scattering. 

The current paper is devoted to a more comprehensive study of the anomalous 
7Li+2°8pb elastic scattering in the vicinity of the Coulomb barrier. The existing set 
of experimental data at an incident energy of 33 MeV for elastic scattering, excitation 
of the projectile to its first excited state at 0.48 MeV, excitation of the target to the 3-  
vibrational state at 2.165 MeV and one-neutron transfer data, are reanalyzed by means 
of CDCC and CRC calculations. The effects of the 7Li ~ ce ÷ t sequential and direct 
breakup on the elastic scattering channel are studied. Although 7Li scattering was inves- 
tigated by CDCC calculations [2,9], effects of transfer channels on such calculations 
were never investigated. The inelastic scattering data corresponding to the target exci- 
tation are presented here for the first time. The calculations are performed with a bare 
potential obtained from folding c~+2°8pb and t+2°spb phenomenological optical model 
potentials using 7Li cluster wave functions. This semi-empirical approach is compared 

with the results of the previous analysis [ 12] performed using DF potentials. 

2. The calculations 

The calculations were performed using the CRC code Fresco (version FRXP) [13]. 
The coupled equations were integrated up to 40 fm, with step size 0.1 fm, and up to 
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65 partial waves were used. Couplings were included between 7Li= a + t cluster states: 

the ground state, the excited state at excitation energy of  0.48 MeV, the resonant states 

at excitation energies of  4.63 MeV and 6.68 MeV and nonresonant continuum states. 

The nonresonant continuum states were treated in line with the model of  Sakuragi 

et al. [2,9] .  The ce + t continuum over the breakup threshold was discretized into 

momentum bins with respect to the momentum hk of the ce - t relative motion. The 

width of  a bin was set to Ak = 0.25 fm - l  . The cluster wave functions for each bin were 

averaged over the bin width and the resulting wave function was normalized to unity. 

Each bin was then treated as an excited state of  7Li with excitation energy corresponding 

to the mean bin energy. The spin of  the state I was found from the vector sum over the 

tr - t relative angular momentum L and triton spin s. The 7Li+2°spb scattering wave 

functions were calculated at the mean bin energy and assumed to be energy independent 

within the bin. 

The CDCC analysis of  7Li breakup, into an a particle plus triton by a 12°Sn target, 

brought an important finding [ 14]. The contribution of  the L = 0 bin to the breakup 

cross section was large, but the coupling to this bin did not affect the elastic scattering 

channel. Test calculations for 7Li+2°spb confirmed this finding. Although the calculated 

total breakup cross section was dominated by the L = 0, 0.0 < k < 0.25 fm -1 bin, the 

influence of  this bin on the elastic scattering was negligible. Odd parity L = 1,3 bins 

at higher excitation energies affected the elastic channel more seriously. This is because 

the breakup via the L = 0, 0.0 < k _< 0.25 fm -1 bin dominates at scattering angles 

where the elastic scattering cross section is large and therefore less sensitive to couplings 

to breakup channels. At  backward scattering angles, where the elastic scattering cross 

section is small, the L = 0 bin contributes to the breakup cross section much less than 

the odd parity bins. Therefore its influence on the elastic channel is very small. This 

is illustrated in Fig. 1 where results of  two-channel (2ch) calculations which included 

ground and first excited states of  7Li are compared with results of  CDCC calculations 

where an additional nonresonant continuum state was included. Inclusion of  the L = 0, 

1 = 1/2 + bin located at an excitation energy of  0.38 MeV above the breakup threshold 

affected the elastic scattering cross section much less than the inclusion of  L = 1, 

1 = 3 / 2 -  bin at Ex = 1.9 MeV. In the lower part of  Fig. 1 the calculated angular 

distributions of  the differential breakup cross section for these bins are shown. Note that 

the cross section for the L = 0 bin shown by the dotted curve is much larger than that 

for the L = 1 bin. 

The L = 2 continuum showed a similar behaviour to the L = 0 component in that its 

effect on the breakup was significant although coupling to it had little impact on the 

description of  the elastic scattering data. Since the emphasis of  the present analysis is 

on the elastic scattering channel, the values of  the a - t relative angular momentum 

were limited to L = 1,3. 

A number of  test calculations were carried out in order to determine the truncation 

of  the ce + t continuum. It was found that the continuum states can be limited to 0.25 

< k < 0.75 fm -1 for the present purpose. Detailed calculations which included all L = 1 

and L = 3 states have shown that the effect of  the 0.0 < k < 0.25 fm - l  bin as well as 
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Fig. 1. Influence of  the L = 0, 1 bins on the elastic scattering channel is shown in the upper part of the figure. 
The solid curve shows results of CC calculations which included the ground and the first excited states of  
7 Li. The dotted curve shows an effect of  the L = 0, I = 1/2 + bin located at an excitation energy of  0.38 MeV 
above the breakup threshold while the dashed curve shows an effect of the L = l, I = 3 / 2 -  bin at 1.90 MeV. 
In the lower part of  the figure the 7Li---+ o~ + t breakup cross sections for the L = 0 and L = 1 bins are plotted. 

0.75 < k < 1.0 fm -I bin on the elastic scattering channel is negligible. Thus, in order 
to limit number of channels involved in the analysis, those bins were neglected in the 
calculations. The excited states of 7Li used in the analysis are listed in Table 1. 

2.1. Cluster-folding potentials 

The diagonal and coupling potentials were calculated from phenomenological a-2°8pb 
(V,~) and t-2°spb (Vt) OM potentials using the cluster-folding (CF) method, 

Vif( e) = (q" f(r)lVt(IR + 4r I) + V~(IR- 3rl) t~i(r)  ) , (1) 

where R is the 7Li-target separation and r is the separation between the clusters. The 
3 and 4 input t, a-target OM potentials should be taken at 7 7 of the incident 7Li energy, 

respectively. In the analysis an a+2°8pb OM potential [ 15], found in a near Coulomb 
barrier study, and a global t+2°8pb potential [ 16], describing triton scattering at energies 
15-20 MeV, were used. The parameters of these potentials are listed in Table 2. 

The real part of the diagonal CF potential for 7Li+2°spb is represented by the solid 
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Table 1 
Model space for 7Li. The energies Emi n and Emax are limits of a continuum bin and Ex is its mean energy, 
relative to the 7Li ~ o~ + t breakup threshold. In the last column the calculated cross section is listed. 

L l ~" Ex [ MeV ] Ernin [ MeV I Emax [ MeV ] Cr [ mb ] 

1 3 / 2 -  -2.47 - - 721.9 a 
1 3 / 2 -  1.90 0.76 3.04 3.0 
1 3 / 2 - 4.94 3.04 6.84 0.5 
1 1 /2-  - 1.99 - - 35.8 
1 1 /2-  1.90 0.76 3.04 1.6 
1 1 /2-  4.94 3.04 6.84 0.2 
3 7 / 2 -  2.16 - - 1.6 
3 7 / 2 -  4.94 3.04 6.84 0.5 
3 5 / 2 -  4.21 1.71 6.71 0.2 

a Total reaction cross section. 

Table 2 
Parameters of the optical model potentials 

V ro ao W ri ai rc  
(MeV) (fm) (fro) (MeV) (fm) (fm) (fm) 

a+208 pb a 35.0 1.547 0.570 9.0 1.547 0.570 1.547 
t+208 pb h 161.24 1.20 0.720 18.06 1.40 0.84 1.30 
n+6Li c BE f 1.25 0.65 
n+2O8pb d BE f 1.25 0.65 
6Li+2o9pb e 109.5 1.326 0.811 22.39 1.534 0.884 1.30 

a Ref. 115]. 
h Ref. [16]. 
c Ref. [17]. 
0 Ref. 118]. 
e Ref. [ 19]. 
f The depth of the potential was adjusted in order to obtain the correct binding energy of a particular state. 

cu rve  in Fig.  2. T h e  po ten t i a l  is very s imi la r  to the  C F  po ten t i a l  used in ana lys i s  o f  

6L i+2°8pb  sca t t e r ing  at the  same  inc iden t  energy  o f  33 M e V  [20 ]  ( d a s h e d  curve  in 

Fig. 2 ) .  N o t e  tha t  the  D F  po ten t i a l  used in O M  ana lys i s  o f  7 L i + 2 ° s p b  elast ic  scat ter-  

ing [ 10] is tw ice  as deep  as the  C F  one.  However ,  in the  surface  reg ion  the  C F  po ten t i a l  

is s t ronge r  than  tha t  o f  the  D F  model .  

2.2.  C l u s t e r  w a v e  f u n c t i o n s  

Clus t e r  wave  func t i ons  o f  7Li, recen t ly  used in a s tudy o f  7Li b r eakup  in to  an a 

par t ic le  and  a t r i ton  on  a 12°Sn target  [ 14] ,  were  adop ted  in the  p resen t  analysis .  They  

were  ca lcu la ted  in a W o o d s - S a x o n  ( W S )  po ten t i a l  wel l  h a v i n g  geomet ry  pa rame te r s  

R = 2 .20  fm and  a = 0 .70  fm (Tab le  3) .  T he  wave  func t ions  were  tes ted  in C C  

ca l cu l a t i ons  for  po la r i zed  7Li+12°Sn sca t te r ing  at  44  M e V  and  po la r ized  7Li+SSNi 

sca t t e r ing  at 20.3 MeV.  In  these  ca lcu la t ions  c o u p l i n g s  to the  first exci ted  and  two  

r e s o n a n t  s ta tes  o f  7Li were  involved .  T he  pa rame te r s  o f  the  inpu t  po ten t i a l s  were  the  
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Fig. 2. Real parts of the central potentials for 6'7Li + 2°spb scattering at 33 MeV. The CF potential for 7Li 
shown by solid curve is used in this paper, the DF potential shown by the dotted curve was used in the 
analysis presented in Ref. [ 10] while the CF potential for 6Li was used in Ref. [20]. 

Table 3 
Reduced transition probabilities and spectroscopic quadrupole moment of 7Li calculated for different geome- 
tries of the a - t binding potential together with the experimental values 

Qs B ( E 2 ; 3 / 2 - - + I / 2 - )  B ( E 2 ; 3 / 2 - - ~ 7 / 2 - )  B ( E 2 ; 3 / 2 - - - ~ 5 / 2 - )  
(e.fm 2) e2fm 4 e2fm 4 e2fm 4 

R = 2.20 fm -3.71 7.29 10.44 0.47 
R = 2.05 fm -3.58 6.81 9.48 1.19 
R = 1.80 fm -3.39 6.11 8.14 2.35 
B-M --3.83 7.75 11.75 1.09 
exp. -4,00 a 7.27 a 17.5 h 3.4 h 

a Ref. [23]. 
b Ref. 124]. 

same as in Refs.  [6 ,21,22] .  The final results o f  the calculat ions were very close to those 

obta ined in the previous  studies [6 ,21,22] .  

The  results o f  the C D C C  calculat ions for 7Li+2°8pb depend on the geomet ry  o f  

the potent ial  b ind ing  the a and t clusters into 7Li. Test calculat ions were  performed,  

inc luding  7Li bound,  resonant  and nonresonant  cont inuum states as listed in Table 1, in 

order  to s tudy this dependence.  Several c o m m o n l y  used a - t b inding potentials  were  

tested. The  results for elastic scattering are plot ted in Fig. 3. 

Us ing  the geomet ry  parameters  R = 2.20 fm and a = 0 .70 fm the correct  value o f  

the reduced transi t ion probabi l i ty  between the ground and the first exci ted state can be 

obta ined (Table  3) .  C D C C  calculat ions  with this b inding potential  are shown by the 

sol id curves  in Fig.  3. 

The  ca lcula t ions  using a b inding potential  with a WS shape with a = 0.7 fm and 



118 K. Rusek et al./Nuclear Physics A 614 (1997) 112-128 

I 0 °' 

o / o  R 

1 0  - 1  ' 

o 

T2o 0.6. 

0.4' 

0.2' 

0.0' 

-0.2 

2°apb(7Li,TLi) at 

_ _  R=2.20 fm ~ t  

R=2.05 fm " ~  

R=l.80 frn N ~  Jt  l 
_ B-M ~ 

' I , I t I 

50 1 O0 150 

/ - -  

/ 4  

100 150 

0cm (deg) 

Fig. 3. Results of the CDCC calculations for the elastic channel using different a - t binding potentials (see 
text). The calculations included the elastic channel, 7Li excitation to its first excited state, two resonances at 
excitation energies of 4.63 and 6.68 MeV relative to the ground state and five continuum bins as listed in 
Table 1. The experimental data are from Refs. [ 10,11 ]. 

R = 2.05 fm, as proposed by Kubo and Hirata [25] and extensively used in the analyses 

of polarized 7Li scattering [21,22,26], are displayed by the dotted curves. The calculated 

values of the spectroscopic quadrupole moment (Qs) and B(E2;3/2- ~ 1 /2 - )  are 

smaller than the experimental ones [23]. 

CDCC calculations using a WS geometry with R = 1.8 fm and a = 0.7 fm [27,28] 

for the binding potential produced very large values for the second rank tensor analyzing 

power (TAP) T20 as shown by dashed curve in Fig. 3. Calculated values of the Qs and 
of the reduced transition probabilities are too small. 

The last tested ce - t binding potential was that of Buck and Merchant [29], which 

had a Gaussian shape. Values of the differential cross section and TAP for the elastic 

channel obtained with this potential (dot-dashed curves in Fig. 3) are very close to 

the results with the geometry R = 2.05 fm, a = 0.7 fm. The value of the spectroscopic 

quadrupole moment corresponding to this potential is closest to the experimental value 

but the reduced transition probability B (E2; 3//2 - --+ 1 /2 - )  is somewhat overestimated. 

Results discussed in the next chapter were obtained with the geometry R = 2.20 fm 

and a = 0.70 fm. 
Simple one-channel calculations, with 7Li ground state reorientation, showed that the 

value of T20 scaled with the value predicted for Qs. This relation was lost by inclusion 
of more coupled channels. CC calculations which included couplings to the resonant 
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Table 4 
Calculated values of the elastic scattering T2o(170 °) for different numbers of coupled channels and for 
different a - t binding potentials 

Qs (e "fm2) lch 4ch 9ch 

B-M -3.83 0.543 0.504 0.414 
R = 2.20 fm -3.71 0.535 0.479 0.357 
R = 2.05 fm -3.58 0.525 0.475 0.402 
R = 1.80 fm -3.39 0.508 0.482 0.564 

and nonresonant projectile states generated the largest values of T20 with the binding 

potential having geometry R = 1.8 fm, a = 0.7 fm (see Fig. 3). This potential, however, 

gave the lowest value of the Qs. Calculated values of the second rank TAP, 7"20, at a 
scattering angle of 170 ° are listed in Table 4 for different numbers of coupled channels 

and different binding potentials. One-channel calculations included reorientation of the 

7Li ground state, four-channel calculations included couplings to the first excited and 
two resonant states while nine-channel calculations included couplings to all the states 

listed in Table 1. Generally, reorientation of the 7Li ground state produced large values 

of the T20 which were reduced by inclusion of projectile excitations to its resonant 
and nonresonant states. One exception from this rule occurred for the potential having 
parameters R = 1.80 fm, a = 0.70 fm, for which couplings to the projectile nonresonant 
excited states increased calculated values of T20. 

3. Results 

Simple OM calculations with a CF potential significantly underestimated the differ- 
ential cross section for the 7Li÷2°8pb elastic scattering and were unable to generate 

nonzero second rank TAP. In order to achieve a good description of the differential 
cross section data, the real CF potential had to be multiplied by a reduction factor of 
0.56. The OM results are compared to the experimental data in Fig. 4. Previous OM 
calculations [ 12] with the real part of the diagonal potential obtained from DF model 
overestimated the experimental data to large extent. 

This disagreement can be explained by comparison of the real parts of the two 
potentials used - CF and DF as shown in Fig. 2. The DF potential for 7Li+2°8pb 

at 33 MeV is much deeper than the CF one, but at the radius of strong absorption, 
12.51 fm [10] for this system, the CF potential is almost twice as attractive as the 
DF one (see the inset to Fig. 2). Multiplying the strength of the real part of the DF 
potential by the ratio of the CF to DF potential values taken at 12.51 fm, which is 

1.89, and performing OM calculations with such artificially changed DF potential we 
obtained result close to that calculated with the CF potential. A comparison of the OM 
calculations with the CF, DF and DF multiplied by the factor 1.89 potentials is presented 
in Fig. 5. 
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K. Rusek et al./Nuclear Physics A 614 (1997) 112-128 

3.1. Projectile excitation 
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When the projectile excitations to the bound and two resonant states were included, 
the calculated values of the differential cross section and T20 became much closer to the 
data, as shown by dotted curves in Fig. 4. The calculations also correctly reproduced the 

angular distributions of the differential cross section and TAP for the inelastic scattering, 
leading to the 1 /2 -  excited state (Fig. 6). Inclusion of the nonresonant continuum, using 

truncation and discretization of the model space as shown in Table 1, farther improved 
the description of the data in the elastic channel (solid curves in Fig. 4). 

Generally, the effect of projectile excitation including 7Li ~ ce + t sequential breakup 
via resonant states as well as direct breakup via nonresonant continuum states had a 

large impact on the 7Li+z°spb elastic scattering. It increased the calculated values of the 

differential cross section for this system and generated TAPs. Similar conclusions could 
be drawn from the CC calculations with the DF potential performed previously [ 12]. 

In order to check if the projectile excitation effect could be compared to an effect 
of a repulsive polarization potential, as discussed for 6Li+2°spb scattering [3], OM 

calculations were performed with independently varied renormalizations for the real and 
imaginary parts of the central CF potential. An angular distribution of the differential 
cross section which was very close to that emerging from the CC calculations, shown 

by the solid curve in Fig. 4, was obtained with the renormalization parameters Nr = 0.6 

for the real part and Ni = 1.2 for the imaginary part of the central potential. Thus, 
this indicates that the projectile excitation effect can be simulated by a repulsive real 

polarization potential. However, a correction of the imaginary part of the central potential 

is also required. The OM calculations with the renormalized central potential, however, 
do not generate any TAPs. 

3.2. Comparison with the rotational model approximation 

In some of the previous analyses of 7Li scattering by means of CC calculations the 

quadrupole coupling formfactors were calculated assuming a simple rotational model for 
7Li. The ground and the first excited states of 7Li, including resonances at 4.63 MeV 
and 6.68 MeV of excitation energy, were assumed to be members of K = 1/2 ground 
state rotational band [7,12]. Since one of the motivations of the present calculations 

was a comparison not only with the data but also with the previous analysis [12], 
it was of interest to check how these results were influenced by the rotational model 
approximation. 

In order to do this, CC calculations were performed, which included couplings to the 
first excited and two resonant states of 7Li. The coupling formfactors were calculated 
from the CF diagonal potential using rotational model wave functions as described 
in [ 12]. The reduced matrix element for the Coulomb excitation was set to 6.03 e.fm 2, 
the value used previously [ 12]. The deformation length, equal for the real and imaginary 
parts of the coupling formfactors, was found from the fit to the absolute values of the 
differential cross section in the inelastic channel. As a result, the value of the deformation 
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two resonant states of  7Li with formfactors calculated using the rotational model for this nucleus. 

length used in the calculations was 1.70 fm, significantly larger than the 1.12 fm used 
previously [ 12]. 

The results of the CC calculations with the rotational model formfactors described 
the experimental data for 7Li+2°spb inelastic scattering only slightly worse than the 
calculations with the CF formfactors, as shown in Fig. 6 by the dashed and dotted curves, 
respectively. However, the effect of the projectile excitation on the elastic scattering cross 
section (taken with respect to the OM calculation), emerging from the CC calculation 
with the rotational model formfactors, was much larger than the effect estimated by the 

calculation with the CF formfactors. This difference is much less pronounced for the 
second rank TAP. The comparison between these two calculations is presented in Fig. 7. 

Summarizing, the test calculations suggest that the use of the rotational model form- 
factors may lead to an overestimation of the effect of 7Li ~ a + t sequential breakup 
on the elastic scattering cross section at backward scattering angles. 

3.3. Target excitation 

A set of the experimental data for 2°8pb excitation to its 3-  first excited state at 
excitation energy of 2.615 MeV was obtained simultaneously with the 7Li÷2°8pb elastic 
scattering data [ 11 ] but not published yet. The data are plotted in Fig. 8. The cross 
section for this process is smaller than for the 7Li excitation to its first excited state 
and the values of the second rank TAP are of opposite sign to those for the projectile 
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Fig. 7. Results of the four-channel calculations, which included couplings to the first excited and two resonant 
states of 7Li, with coupling formfactors obtained from CF (dotted curves) and rotational (solid curves) 
models. The OM results are also shown for reference (dashed curve). 

excitation. In fact, they are quite similar to those for the elastic data. 
The optical a-target and t-target potentials, used to derive the CF 7Li-target potential, 

were complex and accounted for the effects due to o~ and t internal structures as well 
as for the internal structure of the target nucleus. Thus, there is a danger that including 
target excitation in the 7Li+2°spb scattering analysis, one may account twice for the 

same effect. On the other hand, it is interesting to see if the effect of the target excitation 
is of the similar nature as the projectile excitation effect. 

In the present calculations the target excitation was included in a very approximate 
way. The 2°sPb excited state was treated as a collective state and the coupling formfactor 

to this state was chosen to be a derivative of the CF diagonal potential [30]. The 

deformation lengths for the real and imaginary parts were set to be equal, Sr = ~ i  = ~ = 

0.7 fm. The value of ~ was derived from the known experimental value of the reduced 
transition probability B(E3; 0 + --~ 3 - )  = 0.621 e2b 3 [31] using the expressions given 

in Ref. [30]. It is in good agreement with that previously used [ 1,31]. The Coulomb 
coupling potential had a standard form [ 12] with the reduced matrix element calculated 
from the experimental value of the reduced transition probability. 

In the calculations any effects due to a mutual excitation of both the projectile and 
the target were not included. 

The CC calculations which included ground, first excited and two resonant states of 
7Li underestimated the differential cross section for the 2°8pb(7Li,TLi) 2°8pb* inelastic 
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scattering at backward angles and overestimated the values of T20 as shown by dotted 
curves in Fig. 8. Full CDCC calculations improved the description for both observables 
(solid curves) but still the data at backward angles were not well reproduced. 

The effect of the inelastic scattering on the elastic cross section was found to be of the 
same nature as the effect of the projectile excitation. Inclusion of the target first excited 
state improved the description of the elastic scattering experimental data (dotted curves 

in Fig. 9). This effect is, however, much weaker than that of the projectile excitation. 

3.4. Transfer channels 

An effect of the one-neutron transfer reaction leading to a few low-lying states in 2°9pb 

on the 7Li+2°8pb elastic scattering was found previously to be very important [ 12]. The 

strongest effect was associated with the transfers to the ground and 5/2 +, 1.567 MeV, 
excited states of 2°9pb. In order to see if the effect of a transfer channel on the elastic 
scattering is of the same nature as reported previously [ 12], coupling to the one-neutron 
transfer reaction leading to the 2°9pb ground state was included in the present analysis. 

Just as in the case of target excitation, there is a possibility that some part of the total 
transfer effect was already included in the imaginary part of the CF 7Li+2°spb central 

potential. Thus, the quantitative results of the present calculations may not be accurate. 
Nevertheless, they should exhibit the nature of the influence that transfer will have on 
the elastic channel. 

In the calculations only one-neutron transfer from the 7Li ground state to the 2°gPb 
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on the elastic scattering. The solid curves correspond to the results shown in Fig. 4. 

ground state was included. This was limited by computer capacity. 

The parameters of  the potentials binding the neutron to the 6Li and 2°8pb cores 

as well as those describing the 6Li+2°9pb exit channel were taken from the previous 

analysis [12] and are listed in Table 2. The spectroscopic factors for 7Li = 6Li + n 

were adopted from the shell model predictions of  Cohen and Kurath [32],  while the 
spectroscopic factor for 2°9pb = 2°8pb + n was set to unity as previously described [ 12]. 

The results of  the calculations for the transfer reaction data are plotted in Fig. I0. In 

the calculations all the resonant and nonresonant excited states of  the projectile as listed 

in Table 1 were included in the entrance channel, but excitation of  the target nucleus 

was omitted. As shown in Fig. 10, the calculations reproduced very well the angular 

distribution of  the second rank TAP and slightly underestimated the differential cross 

section values, which is very similar to the results of  the CRC calculations performed 
previously [ 12]. 

The estimated effect of  the one-neutron transfer reaction on the elastic scattering 

is shown by dashed curves in Fig. 9. Inclusion of  this reaction channel reduced the 
differential cross section for the elastic scattering and increased the values of  the 7"20 at 

backward angles. The observed effect is similar in its nature to the one found in the 
previous analysis [ 12]. 
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4. Conclusions 

A large amount of  experimental data was analyzed in a consistent way by CC calcula- 

tions with CF potentials. The most pronounced outgoing channels observed experimen- 

tally for the 7Li+2°8pb interaction at 33 MeV were taken into account. The calculations 

reproduced all the experimental data without any adjustable parameters. All the param- 

eters used as an input into the calculations, such as parameters of  the OM potentials, 

spectroscopic factors, deformation lengths or reduced matrix elements, were adopted 

from relevant studies. 

Special attention was paid to the projectile excitation process. It was found to play 
the most important role in the 7Li+2°spb interaction. Both types of  excitations, the 

excitation to the bound excited state of  7Li including ground state reorientation as well 

as excitation to the unbound resonant and nonresonant continuum states, affected the 

differential cross section for the elastic scattering in the same way. They increased the 
calculated values of  the cross section. For the second rank TAP the common rule like for 

the cross section was not observed. The reorientation of  the 7Li ground state generated 

large values of  the/'20 which were next reduced by inclusion of  couplings to the bound, 

resonant and nonresonant continuum states of  the projectile. 

The effect of  the target excitation on the elastic scattering cross section was found to 
be of  the same nature as that of  projectile excitation. Inclusion of  the 2°8pb excitation 

to its first excited state increased the differential cross section for the elastic scattering. 

The values of  7"20 were also slightly increased. 

One-neutron transfer reaction had an opposite effect on the elastic scattering channel 
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to that o f  projecti le  excitation. Its inclusion reduced the values of  the elastic scattering 

differential cross section and increased values of  the TAP. A similar effect was found 

previously [ 12]. 

The massive CC calculations were not able to produce as good a description of  the 

elastic scattering cross section data as the OM calculations with the real CF potential 

mult ipl ied by a factor of  0.56, A reduction of  the real part of  the diagonal and coupling 

potentials by 10 percent and the imaginary part by 30 percent would result in a still 

better description of  the differential cross section for the elastic channel. This could be 

interpreted as being due to the l imited number of  the nonresonant continuum states of  

the projecti le  taken into account in the calculations as well as an approximate treatment 

of  the target excitation and the one-neutron transfer reaction. 

Summarizing,  the present analysis confirmed many of  the observations made previ- 

ously [ 12] like an "attractive nature" of  the transfer reactions or a "repulsive nature" 

of  the projecti le  excitation. The present calculations described the elastic scattering data 

much better without any renormalization of  the CF potentials than the calculations per- 

formed with DF potentials.  A need for a strong reduction of  the CF central potential 

found in OM fit to the elastic scattering cross section data could be understood in terms 

of  couplings to the inelastic and transfer channels. 

CF  and DF analyses are complementary to understand 7Li scattering. CF is more 

successful than DF in giving parameter-free fits of  the cross sections, and so it provides 

the relevant reaction mechanisms, at a given energy. However, CF potentials have to be 

obtained phenomenological ly  for each energy, while DF potentials are basically energy 

independent. Thus, DF analysis is more adequate to study the energy dependence of  the 

reaction mechanisms [33].  
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