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Abstract 

An attempt is made to describe both the o-elastic scattering 
o co on 90ft 

and the (He,a) reaction on Ni, Zr and Pb for energies ranging from 
100 to 283 MeV where the phenomenologlcal a-nucleus potentials adjusted on 
elastic scattering data are unable to reproduce correctly the transfer reaction 
cross-sections. In a first step the real and the imaginary part of the micros
copic «-nucleus potential are renormalized by multiplicative constants by fit
ting the a-elastic scattering.data then used to calculate the (3He,ot) cross 
sections within the DWBA approximation. We show that such a potential leads 
to a satisfactory agreement with experiment in what concerns the shape of the 

2 angular distribution of transfer reaction and gives C S compatible with those 
determined at low energy from (p,d) and (d,t) reactions. In a second step 
we show that adding to the microscopic absorptive potential a quite weak 
surface term is equivalent to the fomier renormalization of the imaginary 
potential in the sense that it 1s sufficient to describe both the a-elastic 
scattering and the transfer reaction but is, physically, more satisfying. 



1. Introduction 

At high energy (i.e. for Incident energies E a above 140 MeVj 
the description of transfer reaction (He,a) in the OWBA approximation has ari-
sed many problems. Contrary to the situation at low energy the o-nucleus 
potentials adjusted to elastic scattering data above 140 MeV fail to reproduce 
the transfer reaction cross sections. This has been shown in particular by 
N.5. Chant et al. [1] and Djaloeis et al. 12] at E, = 132 MeV and 

JHe 
Van de Uiele et al. [3] at E, «205 MeV. The real part of phenomenological 

3He potentials used in a-elastic scattering has a Wood-Saxon form factor or in a 
recent analysis of Van de Wiele [4] has a Wood-Saxon square form factor and 
is characterized by the fact that it is shallow (of the order of 100 MeV at 

3 the origin). To describe the (He,a) reaction at 205 MeV Van de Wiele et al. [3] 
have resorted to an empirical a-nucleus potential relevant for transfer 

3 reaction more specifically which is constructed as the sum of an He-nucleus and 
a. nucleon-nucleus potential. This potential has a deep real part (160 MeV 
at the origin) and leads to a satisfactory reproduction of angular distri
butions of transfer reaction. Nevertheless it reproduces the a-elastic scatte
ring at forward angles only and one 1s left with an unsatisfactory situation 
where simultaneous phenomenological analysis of both elastic scattering and 
transfer reaction seems to be impossible. The motivation of the present work 
is to see if elastic scattering and transfer reaction can be fitted 
simultaneously. We start with a theoretical a-nucleus potential which has 
been shown to reproduce correctly elastic scattering at 104 MeV [S] 
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even though it 1s not identical to phenomenological potentials. 
we have used the microscopic a-nucleus potential derived in 

the model of N. V1nh Nau [6] which;in contrast to earlier works,determines 
both the real and the imaginary potential. As shown in a previous analysis 
for the real a- Ca potential at 104 MeV [5] the a-nucleus potential has 
to be renormalized. We have then introduced a renormalization constant X R 

for the real part of the optical potential as it is done in ref.[5] and 
another one A. for the imaginary potential which is assumed first to be also 
corrected by a multiplicative factor. The renormalized potentials are then 
tested against the transfer reaction experimental data. Nevertheless the 
renormalIzation of the imaginary potential by a multiplicative constant 1s 
certainly not the .most appropriate way to get the best optical potential. 
Indeed X. is designed to simulate processes which are not taken into account 
in the microscopic calculation as the break-up of the a-particle. This 
particular process has been shown to increase with the incident energy and 
to take place essentially at the surface of the nucleus [7]. This has 
suggested to us to add an adjustable surface term to the theoretical absorp
tive potential. This approach has been tested against the previous one in what 
concerns the d-elastic scattering and the transfer reaction. 

In section 2 we recall the construction of the microscopic 
a-nucleus potential following refs.[5,6,8] . In section 3 we examine the 
ability of the microscopic a-nucleus potential to reproduce the elastic 
cross sections and determine a couple of values (XR,Xj) leading to a global 
satisfactory reproduction of the a-nucleus scattering for energies ranging 
from 104 to 218 MeV. These parameters are used to calculate the transfer 
reaction cross sections which are compared in section 4 to the experimental 
data. In section 5 we show that the correction of the imaginary potential 
by a surface term,s1mulat1ng the break-up processes, Is sufficient to reproduce 
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correctly both the ct-e1ast1c scattering and the transfer reaction. Our 
conclusions are presented in section 6. 

2. The microscopic a-nucleus optical potential 

The microscopic a-nucleus Interaction used in this work has 
been calculated within the model of ref.[6] . Assuming that the a-particle 
Is an elementary particle the a-nucleus potential 1s calculated as the 
nucleon-nucleus one where the n-n Interaction In the latter is replaced by 
the a-nucleon potential. Nevertheless by considering the projectile as a 
particle{therefore distinguishable from the nucléons In the target)no exchange 
term arises between target and projectile. Consequently the a-nucleus 
optical potential Is given by the Feshbach formula [9] : 

Y ( 1 ) 

where H and A are respectively the ground state wave function and the mass 
number of the target, V^ and E M the wave function and energy of its excited 
states M, V and S». the wave function and energy of the a-particle in its 
intermediate state <k and E denotes the c m . energy of the projectile. 

Eq.(l) shows clearly, because the a-nucleon potential 1s 
real at least for energies E below 100 HeV [10] , that the first term. 
VMjJ Is real and that the imaginary part of the a-nucleus interaction 
Is generated by the second term &\(ujf alone. On the other hand the 
real part of À Vim gives a correction to the first term vjjj 
Although this correction is expected to be weak [6,8], It has been taken Into ' 
account in the present calculation. 
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The real potential V ^ evaluated starting from different 

a-nucleon interactions derived by M. Lassaut and N. Vinh Mau [10] is studied 

in detail in ref.[5]. The calculation of the second term has been performed 

refining the previous approximations of N. Vinh Nau [6] . We have then worked 

under the following assumptions : 

- the a-particle propagator in eq.(l) is calculated in the eikonal 

approximation accordingly to ref. [11] 

- % is a slater determinant w 

- to simplify the calculation, we suppose that the of-nucléon interaction 

is gaussian 

- the energy E is high enough so that all strongly excited states contribute 

to the sum over H and that their energy E M can be replaced by an average value 

Ë H namely E-E M*E-Ê M. This will be the case In this work as we consider 

a-particle lab energies above 100 HeV. 

It Is then possible to use a closure relation on intermediate 

states of the target nucleus. The derivation of û\rw following refs{6,8] 

where was treated the case C« = 0 MeV is straightforward therefore not repro

duced here. The final expression of hV**t , given in ref . [ 8] involves 

the target ground state density,"the parameters of the gaussian a-nucleon 

interaction and the average energy E u . The target densities used in this 

paper are those derived, by Alkhazov et al. [12] which have been modified 

as explained in ref .[5] . The gaussian a-nucleon interaction is the parame-

trization of the a-n potential derived in ref.[10] from the Bj force of 

Brink and Boeker [13] and ^ has been evaluated as being Ë M = 1 <tîb) MeV 

for a closed shell nucleus. To have a consistent calculation of the optical 

potential we have used the potential V ^ ' derived with the same Bj force. 

This potential is from now on labelled H. • 
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40 However a preliminary test of the real part of a- Ca 
potential [5] against the experimental data at 104 HeV has shown that using 
density dependent n-n interactions (like the G-0 force of Banerjee-Campl-Sprung 
[ 14] or that of Jeukenne, Lejeune and Mahaux (JLM) [ 15] ) Instead of the 
density - Independent Bj force leads to a better reproduction of the a-elastic 
scattering. The fact that, in contrast to the Bj force , the G-0 interaction 
yields an a-nucleon potential unable to be represented by a Gaussian, prevents 
from using it in the calculation of the second term. Nevertheless to 

3 test our optical potential in the study of the (He,a) reaction, we have 
considered two additional potentials that we have labelled MJJ and M m ; 
their-real part are respectively the potentials G-0 R T and the potential 
JLMI constructed as explained in ref.[5] from the G-0 and the JLM forces 
respectively while their Imaginary part is that of potential Mj. 

3. Elastic scattering cross section at 140, 166 and 218 HeV for 5 8 N i , 9 0 Z r 
and 2 U 8 P b " 

A previous analysis of the real part of the potential tested 
40 

with an adjustable imaginary potential of WS2shape against the a- Ca elastic 
scattering data at 104 HeV [5] , has pointed out the necessity of renorma-
lizing the real potential to describe the elastic cross sections.This has 
prompted us to consider the potential : 

(*) 
where V R and Vj are the microscopic real and imaginary potential whllejk-
and^ l are parameters designed to be adjusted on the a-elastic scattering 
data. 



6. s 

3.1 - Determination of X_ and X at fixed enezgg for a given nucleus 

58 90 
As the transfer reaction will be studied for Ni, Zr 

208 
and t u o P b above 100 MeV, we have considered the «-elastic experimental cross 

sections of Goldberg et al. at the incident lab. energy E a = 140 MeV for 

5 8Ni and 2 0 8 P b [ 16] and those of Bimbot et al. at E a = 166 MeV for these 

three nuclei [17] . We have also taken into account in our analysis the 
208 

recent measurement of the o- Pb cross section at 218 MeV acquired by 

N. Marty et al. [ 18]. 

The couple of parameters X R and Xj is varied in a modified version of 

the automatic search code JIB3 [19] to yield a minimum of JC-square per degree of 

freedom £ Z/F. The resulting values of X„ and x. are presented in table I together 

with the volume integral per nucléon pair J and the rms radius of the real and 

imaginary part of potential of eq.2. The elastic cross sections calculated 

with the renormalized potential have been compared to the experimental data 

and are presented in fig.l. For all potentials MJ.MJJ and Mju the agreement 

1s relatively satisfactory for 5 8Ni and 9 0 Z r at 140 and 166 MeV up to 

6 C M = 30-35° but at larger angles the theoretical cross sections are larger 

than the experimental ones. A satisfactory agreement is observed for the 

2 0 8 P b at E a = 140, 166 and 218 MeV. The fig.l shows clearly that the elastic 

cross sections are the best reproduced, in particular the mimina, with 

potential MJJJ and that the overall agreement is better for MJJ than for M,. 

This is confirmed by results of table I which display the best values of 

"X /F for potential M J H and better "X /F for M u than for Mj. 

Examination of table I shows that A R is always lower than } 

unity, excepted for potential Mjjj, the strongest deviation corresponding ] 

to potential MJJ and the weakest to potential M j n .It leads to values of J ( 
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close to the phenomenology for the real part of potentials Mr and M., which 
have an rms radius In excellent agreement with the phenomenologlcal results, 
while J 1s larger by a factor 1.2-1.3 than the phenomenologlcal values for 
potential MJJJ which displays systematically too weak a radius. The s"anorma-
lizatlon constant Aj of the Imaginary potential is always larger than one 
(of the order of 1.5) and leads to volume integral much larger than those 
predicted by the phenomenology while the rms radii are noticeably smaller, in figs. 
2(abcd) we have displayed the real and imaginary part of the a- N1 poten
tial at 140 and 166 MeV renormalized according to table I together with the 
phenomenologlcal potential of refs.[ 16-171. One sees that our potentials 
are close to the phenomenology at the surface but differ In the interior 
mainly for the real part of potential MJJJ (deeper by a factor 2) and the 
imaginary potential five times deeper than the phenomenology. The same trend is 
observed for other nuclei and energies. It seems that the fitting procedure 
determines the renormalization constants from the surface region only disre
garding the interior. This means that correcting the potential and mainly 
the imaginary one by a multiplicative constant at all distances is certainly 
not a reliable way to get the best optical potential. 

3.2 - Determination of X_ and A in all the energy domain 

We have attempted to get an unique couple of parameters A R 

and Aj leading through eq.(2) to a satisfactory overall agreement for all 
energies and if possible all nuclei. The previous analysis displays values 
of A R and Aj much scattered with the energy and the nucleus, mainly for the 
renormalization constant of the imaginary potential. This situation Is inherent 
to the method of determination of the parameters by a minimization procedure : 
indeed we have checked than a rather large change of both parameters A R and A» 
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can produce only small modifications of the A / F . This makes it doubtful 
to extrapolate the unique couple of parameters from the punctual results 
of table I. Therefore we have repeated the analysis developed 1n section 3.1 
in a quite different way. 

In a previous work [5] , we have noticed that the behaviour 
40 with the energy of the volume Integral of the real <x- Ca potential is 

close to phenomenology. This has suggested to us an adjustment of the volume 
integral of the macroscopic real potential on that of the phenomenological 
potential. For incident energies E below 200 NeV we get parameters A R 

very stable with the energy and the target nucleus and we have then extracted an 
unique value, given in table II. Nevertheless the parameters X R vary of 
about 10 % for the a- 2 0 8Pb Mj and M I I ; potentials oetween 165 and 218 KeV 
which could be explained by the fact that the experimental data at 218 NeV 
extend on a very weak angular range, 6 < 20°, generating some uncertainties 
on the phenomenological potential. This has led us to disregard the results 
at 218 MeV and keep the value of X R listed in table II. 

A similar attempt would fail for the imaginary potential 
as the volume integral of the microscopic potential does not vary in the 
same way than the phenomenological one. Consequently starting from the value 
of X R of table II, we have made a search restricted to parameter Xj only. 

58 For Ni the renormalization constants of the imaginary potential are nearly 
constant with the energy. We have reproduced their average value in table II. 
It leads to value of "X /F close to those of table I for 5 8Ni and 9 0 Z r 

vl 208 
but very large A /F as compared to the results of table I for the Pb. 
In this latter case, the search for A t displays values scattered with the 
energy but because of uncertainties due to the existence of discrete ambi
guities at 140 MeV and to the fact that the angular range of experimental 
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points is not extended enough at 218 MeV, we use at all energies the value 
determined by the search code at 166 MeV which is listed in table II. 

4. Study of transfer reaction at high energy with the renormalized 
microscopic potential 

We have calculated the cross sections corresponding to the 
following final states 7/2" at 2.56 WeV of 5 7 N i , 9/2 + ground state of 8 9 Z r and 
13/2* at 1.63 MeV uf Pb and compared our results to the experimental cross 
sections acquired at E- = 132 MeV for 5 8Ni and ^ Z r [2,20], at 205 MeV for 
5 8Ni, 9 02rand 2 0 8 P b [3] and 283 MeV for 9 0 Z r and 2 0 8 P b [21,22]. At. high energy 
the so-called zero range approximation 1s no longer adequate. [23]. Me have then 
performed the calculations in finite range approximation with the microscopic 
range function of ref.[4], by using a modified version of code MARY [241. In 
the incident channel we consider the phenomenological He-nucleus potentials 
•induced from elastic scattering data by N.S. Chant et al. [1] at E 3 • 132 MeV 
lab energy for 5 8Ni and 9 0 Z r and by H. Willis et al. [25] at E 3 - 205 MeV 
for 5 8Ni, 9 0 Z r and 2 0 8 P b . At 283 MeV the 3He-nucleus elastic scattering has 
not yet been measured. We have then extrapolated the3He* Pb potential of . 
N. Willis et al. at 205 MeV by lowering the strength of its real part from 
78 MeV up to 70 MeV taking into account the available phenomenological results 

3 
about the energy dependence of He-nucleus optical potential. The optical 
potential for the 4 -particle are.the potentials Mj, M ^ and Mni renormalized 
with coefficients of table II. 

Some of the resulting angular distributions are presented in fig.3 
(curves a). For all nuclei and energies considered the .shape of the angular 
distribution 1s correctly reproduced. According to a previous analysis of 
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Van de Wiele [41 the sensitivity of the shape of angular distribution to 
the a-nucleus potential is the weakest as the nucleus is heavy. Indeed the 
908 

Pb leads to results very close to each other for potentials Mj, M n and 
MJJJ while for Ni and Zr we observe a better agreement with the experime 
tal points for potentials Mj and MJJ. 2 The spectroscopic factors extracted ( C S) are listed 
in table III and compared to those determined at low energy from (p,d) and 
(d,t) transfer reaction [3] . Our spectroscopic factorsare always lower 
but the agreement is relatively, satisfactory, excepted may be for potential 
Mjjj where the C*S is always smaller by a factor 2 than the previous ones. 
The agreement for the o- Pb M,j, potential is improved if one uses 
Aj = 1 . 9 2 , value arising from the adjustment on the experimental data of 
N. Marty et al. [18]. 

Following M. Sakai f2ll » we have examined the behaviour with 
the energy of the integrated pick-up cross section . The calculated and 
experimental total pick-up cross sections corresponding to the lit?/? 

207 state at 1.63 MeV of Pb are presented for different energies in fig.(4). 
The variation with energy is reasonably reproduce'1 at least above 100 MeV. 

We have shown that our microscopic potentials renormalized 
on the available a-elastic scattering data «re able to reproduce the shape 
of the transfer reaction angular distributions and lead to C 2S compatible 
with results obtained at low energy. Consequently they allow a coherent 
description of both the a-elastic scattering and the ("He.a) reaction at 
high energy contrary to the a-nucleus phenomenological potentials which 
failed to reproduce the transfer reaction angular distributions (as an example 
we display in fig.3 (curve d) the angular distribution of the 2 0 8Pb( 3He,a) 2 0 7Pb 
reaction at 205 MeV given by the potential of ref. 1181'). 
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The calculated cross sections depend on the microscopic 
finite range function and the He-nucleus potential. We have studied the 
influence of this latter potential on the shape of the angular distributions 

203 and the absolute value of the cross sections for Pb at 283 MeV by 
o 208 

shallowing the strength of the real part of the JHe- °Pb potential from 70 
to 55 NeV. These two values can be regarded as the upper and lower limits we 
get by extrapolating the 3He- 2 0 8Pb potential at 205 MeV. The angular distri
bution calculated with the shallowest potential decreases more rapidly and 
leads to a disagreement with the experimental points while the C S are hardly 
changed. This suggests to us that our results could be improved by using 
instead of an 3Ke-nucleus potential adjusted on He-elastic scattering a microscopic 
3He-nucleus potential as it is done for the a-channel. 

5. Simulation of a-particle break-up effects and its influence on o-elastic 
scattering and transfer reaction 

The volume integral of the imaginary part of the renormalized 
potential is too large by a factor two as compared to phenomenology. This 
very large value has two sources. First the microscopic potential is overes
timated in the interior mainly due to the neglect of the imaginary part of 
the local momentum involved in the Green propagator and in the Perey-Saxon 
approximation [26] . Second the way we renormalize the potential by a 
multiplicative factor is not adapted to our potential. Indeed the fitting 
procedure tends to correct the imaginary potential at the surface only where 
it is not absorptive enough Increasing the strength of the potential at all 
distances. 
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The lack of absorption of our imaginary potential at the 
surface would be corrected by taking Into account the a-particle break-up 
In the microscopic calculation. Indeed the a-part1cle break-up cross sections 
increase with the energy [7] and correspond to a reaction essentially 
peripheral. We have attempted to simulate these effects by adding to O I T 
microscopic imaginary potential a term contributing to the potential at the 
surface only. 

This surface term is determined only qualitatively by using 
our previous fitting results. The difference W-^-W-ffor r large enough) 
between the phenomenological potential or equivalent!y . the renormalized 
potential and the tinrenormalized potential 1s peaked at the surface region 
and behaves like an exponential function asymptotically. This has suggested 
to us a parametrlzatlon of the surface term by a derivative of a US : 

W . W $ ft* (3) 

where * a ( r . f"s fi " » ) / « » (4) 

The a-nucleus potential is now 

The real potential is the same as in our previous analysis 
with X R « 0.79 for Mj and 0.67 for HJJ. (We have disregarded the potential 
HJJj as its real parts displays too weak a radius and it does not reproduces 
the transfer reaction so well as Mj and M J J ) . The potential Vj is the micros
copic potential and W 1s given by eq.(3). Its diffusivity and position are 
directly determined from the function W p n - W t h where W h is choosen as the 
phenomenological potential of Goldberg et al. [16] at E - 140 MeV for 5 8Ni 
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and those of Bimbot et al. f171 at 166 MeV for 5 8 N i , 9 0 Z r and 2 0 8 P b , Its 
strength is fitted on the ce-elastic scattering data starting from the poten
tial of eq.(5). We have listed in table IV the values of parameters W g, r $ 

and a for the potential Mj together with the X /F, the volume integral per 
2 nucléon pair and the rms radius of the modified Imaginary potential. The X /F 

are comparable to those obtained by using the parameter Aj of table II 
(X2/F • 91 and 81 for 5 8N1 at 140 and 166 MeV ; 6.07 and 86 for 9 0 Z r and 
2 0 8 P b at 166 MeV) excepted for 2 0 8 P b where the X 2/F has become 1.6 times larger. 
A comparison between tables I and IV indicates that the volume integral 
and the rms radius of the new imaginary potential have Improved as compared 

CO 

to the phenomenological values. Figs.2(e,f) display the microscopic a- Ni 
Imaginary potential and this potential plus W at 140 and 166 MeV both compared 
to phenomenology. At the surface the modified potential Is close to the 
empirical one and to our first renormalized potential. 

The Imaginary potential of eq.(5) Is now used for the calcu-
3 58 

lation of the cross sections of (He,a) reaction on Ni at E 3 * 132 MeV 
and on 5 8 N i , 9 0 Z r and 2 0 8 P b at 205 MeV. At 132 MeV we use the parameters of 
table IV. At 205 MeV we have taken the difference between the microscopic 
potential and the potential àjjj of ref.[3] without any further fit. 

The angular distributions drawn in fig.3 (curves b) can be directly 
compared to those given by the potential of eq.(2). It can be seen that 
the shape of the angular distribution is correctly reproduced even though 
the agreement is slightly less satisfactory than by using the imaginary 
potential renormalized by Aj. However this is, in some measure, not very 
surprising since unlike the constant A, the parameters of w have not been 
determined (excepted the strength of U at 140 MeV) in order to get the best 
fits with a-elastic scattering cross sections. The spectroscopic factors 
given in table V, are either unchanged either-slightly improved. As 



14. 

previously, the best results occur for potential MJJ. 
We have tested the influence of the position and the depth 

58 3 57 of the surface term by repeating the calculation of N1( He,a) Ni reaction 
58 cross section with the term W determined for o - NI elastic scattering at 

166 MeV, located at 5.8 fm instead of 5.4 fm and 4.19 HeV deep instead of 
2.59 MeV. The results are practically unchanged in what concerns the angular dist 
butions (see fig. 3-(curves c))butthe C 2S are improved of 10X (C 2S = 2.3S for 
Mj and 2.55 for M ). 

This new study has pointed out that a modification of the 
microscopic potential at the surface only is enough to get a good agreement 
with experimental data.-This additional surface absorption can be understood 
in terms of a-particle break-up effects which are not included in the theo
retical calculation of the imaginary potential. Such a term,the strength 
of which is quite weak and compatible with the possible contributions of 
break-up channels,is sufficient to assure a correct reproduction of both 
a-elastic scattering and transfer reaction. As in our previous analysis 
we get better results for the MJJ potential derived with a density dependent 
nucleon-nucleon effective interaction. 
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6. Conclusions 

We have shown that the a-nucleus microscopic potential 
3 allows a correct reproduction of both a-elastic scattering and (He,a) transfer 

reaction after renormalizing the real and the imaginary part of the inter
action by a multiplicative constant. Three different microscopic a-optical 
potentials have been used. They all have the same imaginary part calculated with the 
Bl interaction of Brink and. Boeker while their real part corresponds either to the same 
Bl interaction (potential Mi) or to the density-dependent n-n interactions 
G-0 of Banerjee-Campi-Sprung (potential H u ) and JLH of Jeukenne-Lejeune-
Mahaux (potential M J J J ) . It has been shown that the potential M m leads to a 
better agreement with a-elastic scattering data but does not reproduce the 
3 
( He,a) reaction as well as Mj and MJJ. This suggests that the transfer reac
tion is a more sensitive test of the a-particle potential. The potential MJJ 
leads to a satisfactory agreement for elastic scattering and Induces the best 
results for transfer reaction angular distributions and spectroscopic factors. 
For all potentials the shape of the transfer reaction angular distributions 
is generally correctly reproduced (excepted may be for potential MJJJ at 
backward angles) but the C S are always weaker than those extracted at low 
energy from (p,d) and (d,t) reactions. However the multiplicative constant is 
for the imaginary potential too large to be realistic. Because the derivation 
of the imaginary potential neglects a-particle break-up channels which we know 
should lead to a surface absorption, in a second part of this work a surface 
term has been added to the microscopic imaginary term. This weak surface term 
has been shown to be sufficient to reproduce simultaneously the a-elastic 

3 scattering and the ( He,a) transfer reaction. Again the best description of 
A-elastic scattering and (He,a) transfer reaction corresponds to potential 
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MJJ , the real part of which is derived with a density-dependent n-n interaction. 
It shows the Importance, of using density-dependent n-n interactions at high 
energies in agreement with out first analysis of elastic scattering at 104 MeV. 

We are very grateful to Drs. H. Langevin and N. Vinh Mau 
for all suggestions and discussions and their critical reading of the paper. 
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Table Captions 

Table I Renormalization constants, volume integrals per nucléon pair and 
rms radii of renormalized a-nucleus potentials and those of pheno-
menological potentials for different energies and nuclei. The 
"experimental" cross sections at 1C4 MeV are those calculated from 
the phenomenological potential of H. Rebel et al. [27]. 

3 
Table II Parameters X R and Aj used for calculation of ( He.ot) reaction 

cross sections. 

Table III Comparison of spectroscopic factors deduced from DWBA calculations 
with potentials of eq.(2) to reference data (see text). 

Table IV Parameters of the surface term, eq. (3), volume integral per nucléon 
pair and rms radius of Imaginary part of potential of eq.(5) and 
"X./F given by potential of eq.(5). The label a) refers to results 
obtained at E„ - 140 MeV otherwise E„ - 166 MeV. a . a 

Table V Spectroscopic factors deduced from DWBA calculations with potential 
ofeq.(5). 
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Nucleus Energy 
(MeV) Potential Real part Imaginary part X 2/F Ref. 

h JR <-T XI JI <^>f 
58 N i 104 MI 

MII 
MIII 

phenom . 

0.72 
0.68 
1.00 

298 
310 
397 
315 

4.74 
4.76 
4.42 
4.69 

1.62 
1.69 
1.53 

225 
235 
213 
93 

4.63 
4.63 
4.63 
5.27 [271 

58 N i 140 MI 
MII 
M i n 

phenom 

0.74 
0.64 
0.88 

282 
283 
323 
298 

4.75 
4.77 
4.41 
4.76 

1.38 
1.29 
1.16 

180 
168 
151 
95 

4.59 
4.59 
4.59 
5.23 

88 
68 
58 

[16] 
5 8Ni 166 MI 

MII 
MIII 

phenom 

0.71 
0.61 
0.95 

255 
265 
329 
283 

4.76 
4.78 
4.41 
4.72 

1.28 
1.27 
1.31 

1G1 
159 
164 
101 

4.56 
4.56 
4.56 
5.12 

66 
42 
28 

[17] 

9 0 Z r 166 Mj 
M n 

MIII 
phenom 

0.69 
0.59 
0.86 

244 
253 
298 
284 

5.29 
5.30 
4.94 
5.21 

1.11 
1.13 
1.04 

133 
135 
124 
89 

5.17 
5.17 
5.17 
5.78 

4.5 
3.6 
1.7 

[17] 

208 p b 140 MI 
«II 
MIII 

phenom 

0.86 
0.76 
1.17 

304. 
316 
417 
283 

6.36 
6.37 
6.04 
6.58 

2.08 
2.20 
2.07 

239 
253 
238 
81 

6.28 
6.23 
6.28 
7.36 

24 
34 
21 

[16] 
208 p b 166 MI 

MII 
MIII 

phenom 

0.69 
0.59 
0.97 

231 
241 
326 
276 

6.38 
6.39 
6,04 
6.40 

1.46 
1.52 
1.57 

164 
171 
176 
74 

6.28 
6.28 
6.28 
7.28 

23 
35 
32 

[17] 
208 p b 218 Mj 

MII 
MIII 

phenom 

0.75 
0.61 
1.02 

224 
239 
305 
264 

6.40 
6.41 
6.03 
6.60 

1.30 
1.35 
1.90 

138 
143 
201 
68 

6.22 
6.22 
6.22 
7.38 

74 
83 
30 

[18] 

- Table I -
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Potential Nucleus \ h 

MI 
5 8Ni, 9 0Zr 
208 p b 

0.79 
1.52 
1.82 

• MII 
' 5 8Ni, 9 0Zr 

208 p b 
0,67 1.40 

1.83 

MIII 
5 8Ni, 9 0Zr 
208 p b 

0.81 1.05 
1.47 

- Table I I -



i 
Energy 

Nucleus n*j potential 132 MeV 205 MeV 283 MeV [C 2S réf.] 

5 7 N i If 7/2 «I 
"il 
"ill 

2.15 
2. 
1.1 

2.1 
2.3 
1.5 

.3 

8 9 Z r lg 9/2 M I 
"il 
^III 

7.5 
7.4 
4.75 

5.75 
6.2 
3.9 

5.9 
7.85 
3.8 

8 

2 0 7 P b li 13/2 «I 
"il 
"ill 

6.9 
7 
4.7 

8.4 
10.9 
6 

10 

- Table III -
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Nucleus WS rs as V A 1' 3 J/4A < r 2 4 / 2 a?/F 

58 N i 
a) 2.63 x 4 

4.19 x 4 
1.58a> 
1.50 

0.62a) 
0.52 

6.12.a> 
5.81 

144 a) 
142 

4.82 a ) 
4.77 

104 a ) 

92 

9 0Zr 2.57 x 4 1.50 0.60 6.72 129 5.34 6.07 

208 p b 3.09 x 4 1.54 0.78 9.12 125 6.69 86 

- Table IV -



24. 

Nucleus Potential 
132 MeV 

Energy 
205 MeV 

5 7 „• MI 2.4 2.1 
Ni 

MII 2.25 2.3 

8 9 Z r "l 6.1 
6.4 

2 0 7 Pb "l 
«II 

6.9 
7-0 

Table V -
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Figure Captions 

Fig.l ct-elastic cross sections calculated for potentials H j A , and M,,j 
renormalized according to eq.(2) with parameters of table I. 

58 Figs.2 Figs.2a-b : real part of a- Ni potential renormalized following 
eq.(2) with parameters of table! : potentials Mj solid line, 
M T T : dotted U n e and M T T T dashed line •Ij j . UV/kkBU I 1116 CIIIU I ' l j j i 58u Figs.2c-d : Imaginary part of o- N1 potential Mj renormalized 
via eq.(2) with parameters of table I : solid line. 

CO 
Figs.2e-f : Microscopic a- Ni potential : solid Une, this 
potential plus the term of surface dashed Une. In all figures 
the dots refer to phenomenological potentials of ref.[16] for 
E a = 140 MeV and [ 17] for E a » 166 MeV. 

3 Fig.3 Angular distributions of (He,a) reaction calculated with 
potential Mj : dashed line, MJJ : solid line and MJJJ : dotted Une ; 
the curves a) refer to calculations where the Imaginary potential 
1s renormalized by Xj, the curves b) correspond to calculations 
where a surface term is added to the microscopic absorptive potential 
and the curves c) refer to the same calculations than curves b) 
but with another term of surface (see text). The curve dj corresponds 

208 
to a calculation Involving the a- Pb phenomenological potential 
of ref.[18] . The dots represent the experimental data. 

Fig.4 Variation with the incident energy E, of the integrated pick-up 
208 He 

cross section for Pb. Dashed line ? our calculation, dots : 
experimental results at E 3 = 70 MeV [28] , 100 MeV [29] , 
205 MeV [ 3] and 283 MeV "f22] . 
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