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I. INTRODUCTION

In fect what is required to calculate the absorp-
tive part of the nucleus-nucleus optical model potential
is a religble yet simple model which erables us not only
to determine the various rarameters of this potential
but algo to study systematicelly their behaviour as a

function c¢f energy and nuclei.

In the ztsence of a self-ccnsistent dynamic
description of hegvy ion reactions one feels justified
to follow the forwerd scattering amplitude approximation

[ l] (FPSAA) to estimate the absorptive part of nucleus-
nucleus optical potential. In the nucleus-nucleus case,
the absoiptive potential depencs on the product of the
two form factors which is more forward peaked thdm each
one of them individually, thus inducing the scattering
to take place in an even more forward direction.

In gection II, the FSAA and impulse approximation
ir the frazework of Kerman-lc.anus-Thalecr (KiT) formalism,
generalized to include the cace of nucleusenucleus
scattering [;,3] , is used to derive an analytical
expreszion for the & - nucleus absorptive potential.
Azplication to o(-ﬂf_ znd K-'bﬂ scattering is made
in section III. Section IV containg a discussion and

conelugione.,
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II. THE MODEL

It has been shown [3,4] that the impulse apgproxi-
=ation in the framework of a generalized version of KMT
formalism leads to the fo¥lowing expression for the

& - nucleus optical in momentum space

U@Q-- B fof AR

where I(ﬂ) is the average over the spin~ and isospin-
indepencent parts of the two-nucleon free scattering
amplitude, f'((Q) and £ A (§) are the nuclear form factors
of the colliding nuclei and Mo m/2 .

The optical in configuration space can them be
obtained ty taking the Fourier transform of Eg. (2-1)
to be

nh?
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with p=4gA

To derive the imaginary part of of ~ nucleus optical
potential from Eq. (2-2), one may use the FSAA. ‘Mith this

approximation the imaginary part of the K -nucleus optical
potential reads :

W, (R)= ~ 15" A i
AR = " e Zm AG@) F(R) (2-3)

where

FR)= [ 1@ ) exp( 7 7) (2-4)

Using the ortical theorem, the imaginary part of the
forward scattering amplituce reads

Im Z(O) = 545_;,? (2-;‘)
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Where x 1is the wave rumter of the projectiie (target)
inside the cozpouné systewm ané £0) is the totel nucleon-
nucleon cross zection averageld over tne »2lative moxment

of the irnteracting rnucleus.

Combining Eq. (2-3) and (2-5) yieids the follewings
excression for the ©® -nucleus abtsorptive potential.

/J

"N S a2 (2-7)

anc

9c5(k)= 9CS ’C..'S(k) "'(;173 F(R) (2-8)

4
The guantity 9CS(R) is interpretas the nuclear matter
denzity distribution of the compound system with the

following ncrmalization concitions

/d? $s(R) = N (2-9)

Tnerefore, it is assumed that once the two collidling mweles shiv/
To over/ap s d new , ) i
¢ nuciear matter conditions are cstablished. Such conditions
are descrived ty Zcs. (2-8) and (2-9). Thern, the ¥=-nucleus
abzorptive notential will be considered to be equivadent to
she absgorsiive potential of a nucleon moving in nuclear
nedium with uniform cersity distribution @ S(R);multi-

c picture will enatl

2 +he nuclezr matter theory.
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&)= 1735¢ 7. 2-:0 KR)F(ESR). =L (2-10) ]

96&) ‘

irere tne Pauli function

92
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(143x%)- 2x[2(/+x')]%( !
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§=2 KWeln) = 2,
with kF(K)z [/‘J 7t %s(k)]ll’j beirg the local

Ferni mczentum. For the expression (2-11), the limits are v

)y b= w ¢/ |
a=[§=_/]n ’ ‘-1: ’ ! 5
T im f"’ §)// . f

(2-12)

Inc:rting expression (2-10) in Eq. (2~6) yields the 5‘

following formule for the o&-nucleus absorptive potential.

1{-,. (EsR) =~ 23-35¢F ¥ K(E,R) BUER) (243) L

Yhere E 1is the centre of mass energy. ]
It is evident from the last equation that the
determination ¢f o~ nucleus zbsorptive potential is
nov reduced to the prctlem of calculating K(R). In
the fremework of the trevious picture this be performed
by uging the local density approximation together with
an extenced version of Cugnen's local separation enerzy
assumziion [C] . Accordingly, the momentum distric-

ation ¢f the nucleon witnin tne nucleus is given vy

2

k'(m)= e +[5'7' 9(47{7 + 2 56) 214

R e e



a 6';.C being c-m energy per nucleon. In Cugnon's

arprcach ( C-approach hereafter). The sepesration energy

nas veen assuned to be linear furnction of

5(9)= 5, 9(/9(®) (2-15)

wrere Sw’z /LMeV/. Thus the expression for K reads;

2/3
KYR)= 0412 €t €292 B, o337 £ (2-18)
Using Hugenholtz - Van Hove condition [7.] for the
irnfinite nuclear matter at equilibrium, namely,
=- £ (2-17)
J=-£g

two further approaches will te introduced., The firet is
d orn the semiemprical formula proposed bty Brueck-
. In this approach (L-approach hereafter), the

mrmber of -the nucleon within the compounc system

KR)=0-0P92 €, + 1-4/17 ?C;/ 43447 @
~4%6/2 4/3 . 573 (2-18)
262 94+ 26999 9°

In the secord , the wave numher K 1ig calculated by
acing the energy functional derived by Vautherin anc
Brink (91 for the Skyrme interaction. This leads to
the fellowing expression for K C4] (V-B apprcach
hereafter).

KUR) = 00482 €0 + 2.4/ £+ 294149 Ses
- 42.2¢/9 ?c: - 77901 yc;"” (2-19)
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III. Application of the Model :

For the sake of simplicity, the model 172 used
to calculate the absorptive potential for o - £ and
(] -"/_'j systems.

Using the Gaussian form factor for the & -particle
[10] ané choosing the form factors for €-and (J-nucleus

to be consistent with an oscillator shell-model [11}

+2ad to the following expression of the nuclear matter

density distribution ? (R) of the compound system.
¢S

gCS(RJ = ?:3 [;1(. % k? g,y)(_kz/.xz) ,
o o (#t4)

S (TW)E(145€) (2-20)
1 L 3

€= 43’ /(9N -6 )

Having determined 9“ (R) , the absorptive potential
cen be determined from Eqs. (2-11), (2-13), (2-16),
(2-18) and (2-19). The results are shown in Pigs. (1)
and (2).

J74
In Pig. (3) the present potentials for w - (

scattering at E* = 166 MeV are compared with that of
Tatischeff and Brissud [12].

The energy depencence of the volume integral per
nucleon pair Jw and the rootr means square radius of
the present potentials are shown in Figs. (4) ané (5).
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IV. DISCUSSION AND COKRCLUSIONS:

It is clear from Pig. (4) +that J, , although

incressing with energy at first, tends to decrease
slowly for high energies. Such bekaviour is expected

since in evaluating (u‘) » the cross section has been
assumed to vary essentially as B"’ even at high erergies.
However, this result differs from that obtained from the
phenomenological analysis which assumes linear energy

depencence [13']. It can also be seen from Fig. (5) that
the root mean square radius Rr.m.s , While decreases
rapidly with energy at first, tends to saturate to ccnstant
value for high ensrgies. A similar result has been otbtained
by Vinh {au [14] for of -"Ca system. Purthermor, the

discregpancy between the values of J ,and Ryr.m.s.obtained

w
for the three different approaches at lower Cisappeers at

higher ones.

In conclusion, while the present model for o{-nucleus

ebsorptive potential is free from any adjustable parameters,
we regard it in view of the assumptions made only as a step

towards a more exact microscopic description.
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Fig. 2 - The a-'%0 imaginary potential
{the nwmber on the curves denote the
ineident energy per nucleon)

Fig. 1 - The a-'2C imaginary potential
(the mumbers on the curves denote the
tneident energy per nucleon).
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Pig. 3 - The TB equivalent WS potential (solid) compared with those of the

present model.
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Fig. 4 -~ Dependence on the incident ener-
gy per nucleon of the volume integral per

Rp ;. 0l fm)

Fig. 5 - Energy dependence of the root
mean equare radius of the present imagi-

nucleon pair of the present imaginary po- nary potential (—C approach, ---B

tential (==C approach,.-.=-B approach,
===~V approach).

approach, .~.=V-B approach).
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