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Abstract : 

The effective a-nucleus real and imaginary potentials are 
calculated with several a-nucleon interactions previously determined. 
The folding model potential is shown to be a good approximation for 
the real potential. The imaginary potential is, for energies larger 
than 40-50 Mev, expressed in terms of the local and non local one-

40 body densities. An application to a scattering on Ca is discussed. 
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The folding model i's often used to calculate the real part 
of the alpha-nucleus effective potential. Most calculations are 
carried out by folding into the target nucleus density an alpha-
nucleon effective potential which is either taken from phenomenological 
analysis of nucleon-alpha scattering at low energy or itself 
calculated by folding a nucleon-nucleon interaction into the alpha 
density '. The latter method is equivalent to a double folding 

of the nucleon-nucleon interaction into the target and alpha densi-
(8—9) 

ties and neglects the antisymmetrization between a nucléon in 
the projectile and a nucléon in the target. Only few attempts were 
made to take into account antisymmetry in the double folding model 
The folding of a nucleon-nucleon or nucleon-alpha potential does not, 
for low energy scattering, generate an imaginary potential. Estimates 
of the absorptive nucleus-nucleus potential have been made using the 
forward scattering amplitude approximation . 

In this work, we present an attempt to derive simultaneously 
both the real and the imaginary parts of the optical potential in 
a more general framework in which the folding model is only the lowest 
order approximation. 

We assume the alpha particle to be an elementary particle 
and derive the effective a-nucleus potential by generalizing the micros
copic models describing the effective nucleon-nucleus potential 
In this framework the basic interaction is the alpha-nucleon interac
tion and one does not have to include explicitly antisymmetrization 
terms in the construction of the potential because the alpha particle 
and the nucléons in the target nucleus are considered as different 

!<12) objects. Recently, the a-nucleon potential was calculated by us 
starting from several nucleon-nucleon effective interactions in a 
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model which included exchange terms. By using these a-nucleon poten
tials in the present work we effectively take into account the anti-
symmetrization effects in ct-nucleus potential through the exchange 
terms in the a-nucleon potential. Following references (13) and (14) 
or equivalently using an approximate form of Peshbach's nucleon-
nucleus potential 'we write the «-nucleus potential as : 

V<xN = <*,|E Van(i)|*„> + J ] l i n , / d e « **•!? ^ ' « I V » ' 

(1) 
Fa + in - ca - E M 

In eg.(l), V n(i) is the interaction between the alpha 
particle and the nucléon i of the target, i/»o is the ground state wave 
function of the target, i|/„ and E„ the wave functions and excitation 
energies of its excited states, <p and E are the wave functions and 
energies of the alpha in the intermediate states a and E is the 
center of mass energy of the incident alpha particle. The first term 
of eq. (1), V^= «ii»\T. Va (i)|to>, is the folding model potential an<?. 
is purely real if we consider energies E <: 150 Mev. The second term 
leads to an imaginary part of the a-nucleus potential and is non local. 
It also gives a small t-orrection to the real part. 

In our calculations we assume that : 
1 ) the wave function <p of the alpha particle in the field 

of the nucleus can be approximated by a plane wave with momentum 

k 2 =î  ( e . v < o > 
« J, ? ' a aN ' 

2) the energy E is high enough so that all the large matrix 
elements in eq.(1) correspond to states M with E.. < E . 
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With these assumptions, eq.(1) writes : 

VaN - V â S } + S «"«MB'•«>**'If Van < i )IV <*Ml? ^ n ^ ' ^ O (2) 

2M„ 
where k£„ - _ i (E„ - V^' - EM) (3) Ma » 2 a ON M 

s = r - r ' 
a +a â 

r + r ' 
S =-2 S_ 
o -> 

(4) 

f ( 1 W V " " ̂ T < c o s< kMa s«> + i s i n< kMa V > ~ < 5 ) 

The term -V* is very large, of the order of 250 Mev at 

R a=0, while typical values of E M will be smaller than 30-40 Mev. 

Therefore k defined by eq.(3) is not sensitive to the energy E„ 

and we may replace k M by an average value : 

2M 

Using this average value, eq.(6), we can apply the closure 

approximation in eq. (2) in the summation over intermediate states of 

the nucleus. He get : 

VaN = V a ^ +*<k 0'^l
<*«lj V a n ( i ) * \ n ^ ^ ^ 

~ < * » \ z Van(i)ko><l(»»|ï V a n(j)|*o>J (7) 
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The microscopic potential V„_<i) is non-local. D.F. Jackson 

and R.C. Johnston * ' have shown the equivalence, in the folding 

model, between calculations of v' with the non local a-nucleon 

potential or with the energy dependent local equivalent potential. 

Therefore for simplicity we use the local potentials that we have 

derived in ref.(12). They have been obtained as : 

V a n{r) = -Uod - aE°) e a 

r - r 
a n 

(r) 2 

(8) 

The energy E° is the incident energy in the laboratory 

system. The energy dependence of our potentials v' is then given 

by the same factor (1-aE 0). 

Writting I|I0 as a Slater determinant and using the fact that 

V has a gaussian form factor, we can express our o-nucleus potential 

in terms of the local -p(r)- and non local -p(r,r')- one-body densities 

of the target nucleus. We then get 

V a N = V a £ ) ( V + A V a N < V « a > <9> 

where s and R are defined in egs.(4) and : 

/

_ j i* | 2 
e a p(r)d? (10.a) 

R - r 
â / 2 * 7 

î"-f 

-sin** f -2 |- | -r 
3 ^ t l ' V V ^ V a ' 1 ^ 8 °" / e " 3 p ( ? , d ? 

, s - s R„-R 
- I l _ S |2 - 2 | - S | 2 

e 2 a e a p 2 (R+s/2 ,S-s /2)d5ds] (10.b) 
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The parameters U o / a and a. are given in table 1 for three 

different forces taken from ref.(12). The local density plr) is cal

culated with harmonic oscillator or Hartree-Fock wave functions. The 

non-local density is somewhat tedious to calculate and we have used 

an approximate form. Negele and Vautherin proposed the following 

expansion : 

p(8+s/2,R-s/2) = ptRjj^ks) + i s2js(ks) 
6 

[- V 2 p(R) - T(B) + - k 2 p(R)] (11) 

with the recipe : k(R) = kp(R) = (3ir
2p (R) ) 1 / 3 . In eq.(ll) 

j„(x) = (22+1)! 1j.(x)/x and x(R) is the kinetic energy. Bouyssy and 

( 181 Campi ' have shown that choosing k in such a way that it cancels 

exactly the second term of eq.(ll) leads to an expression which is 

a better approximation of the exact non-local density. Thus, eq.(11) 

reduces to the Slater approximation with a modified momentum : 

1/2 

MR) = [—V- <T<5> " ~ ?2P(R>>1 im 
3p(R) 4 

The potential defined by eqs. (9; and (10) has a local term, 

VaN ' a n d a n o n ~ l ° c a l one, AV„, both energy dependent. Using the 

Perey-Saxon approximation, we determined the local potential equiva

lent to AVau'8™»11™) b y t a * t : ' - l l 9 t n e Fourier transformed of eq.(lO.b), 

namely : 

AV R(r a) + iW(ra) = 4w / jo < V a > Û VaN< W s£ d s a ( 1 3 ) 
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The momentum k is defined in the above eq.<6), AV_(r ) represents 
ci p. u 

the correction to V^' (r a), the folding model potential, and W(ra) 
is the absorptive potential. 

We have studied the potential eqs.(9,10,13) for elastic 40 scattering of alpha particles on Ca for all alpha-nucleon potentials 
calculated in ref.(12). We report in this paper the results obtained 
for the three forces given in table 1 and corresponding to the Bl 
and CI nucleon-nucleon interactions of Brink and Boeker and to the 

40 Soper interaction. The Ca densities have been calculated with 
harmonic oscillator wave functions with bo=2.08 fm. 

In table 2 are presented the potential V J? at zero energy 
and its corrective term AV R corresponding to the force I of table 1. 
For all the alpha nucléon forces used the conclusion is the same : 
the folding model gives a very good approximation to the effective 
real ct-nucleus potential since the corrections are lower than 1%. In 
fig.l are plotted the real and imaginary potentials for E =50 Mev 
calculated with the a-nucleon interactions of table 1. The real poten
tial decreases more rapidly than a Woods-Saxon potential. In fact it 

(5) agrees well with the potential of F. Michel et al. which has the 
form of a Woods-Saxon raised to a power v=2.65. The crosses in the 
figure represent the potential of ref.5. On the other hand the imaginary 
potential has a Woods-Saxon shape. The results seem to indicate that 
real and imaginary potentials have different shapes and that better 
analysis of the experimental data could be obtained if one abandons 
the usual assumption of the proportionnaiity between the two parts of 

(19) the optical potential . When we vary the incident alpha energy, 
the real potential decreases slowly as shown by eq.(10.a), what is in 
agreement with experimental data,but the imaginary potential stays 
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practically constant. In fact its strength at short distances is the 
same between 50 and 150 Mev while the radius decreases slightly. This 
decrease of the radius as a function of E is probably a consequence 
of the assumptions as well as approximations made in our derivation. 
The result of a constant absorption from 50 Mev to higher energies is 
compatible with the phenomenological potentials as reported for example 
in ref.20. Also the volume integral of our potentials are in good 

(20-211 agreement with phenomenological ones ', with a better agreement 
for the potentials calculated with the Bl or Soper nuclebn-nucleon 
interactions. 

Because of the closure approximation made we are not able to 
calculate the imaginary potential at an energy lower than the threshold 
energy defined as the one at which all important inelastic channels 
start to contribute to the sum in eg.(l). This threshold will depend 
upon the target nucleus and is expected to be higher for closed shell 
nuclei than for open-shell neighbouring nuclei. Above this closed-shell 
threshold, about 40 or 50 Mev, the imaginary potential will vary very 
slowly from nucleus to nucleus since it is expressed in terms of 
ground state nuclear densities only. Below these energies one has to 
sum only over intermediate states for which E M < E a in eq.(1). There
fore w depends upon the density of low lying levels which is much lar
ger for open shell nuclei than for closed shell nuclei. Consequently 
at low energy, W depends strongly on the target nucleus and will be 
weaker for closed shell nuclei. This feature is consistent with the 
fact that for low energy scattering, the anomalous enhancement of the 

40 42 
backward angle cross section is large in Ca, much weaker in Ca and 
completely absent in Ca < 4' 2 2»' 2 3). A t higher energies, this anomaly 
disappears and the cross sections are very similar for all three nuclei, 
in agreement with our calculations. 
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' V 
j an 

Uo (Mev) a(fm) atMev"1) 

I 47.3 2 0.003 

II 55.9 1.7 0.0026 

III 48.7 1.9 0.0016 

Table 1 : Parameters of the a-nucleon interactions 

used in this work. The interactions I, II and III 

correspond to the nucleon-nucleon interactions Bl . 

and CI of Brink and Boeker and to the Soper interac

tion respectively. 

(12) 

r(fro, 

aN -265 -254 -216 -162 -102 -52 -21 -7 

*£* <»> -213 -203 -173 -129 - 78 -37 -13 -3 

V<°> («I, -242 -230 -196 -146 - 91 -45 -17 -5 

AVoN(II) -1.2 -1.2 -1 -0.7 -0.4 -0.3 -0.2 -0.1 

40 Table 2 : The real o- Ca potentials s the folding model 

potentials (V^5 at E =0) corresponding to the a-nucleon 

potentials of table 1 and its correction, Û V

ai](
r) given at 

E =50 Mev for interaction I. The potentials are expressed in 

Mev. 
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Figure Caption 

Figure 1 The real (v' '(r)) and imaginary (W(r)) potentials 
calculated with the a-nucleon interactions I ( 
II (- -) and III (- -) for E„ 50 Me v. The 
crosses reproduce the real potential of reference (5), 
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