1998(7) saall (20) alpall Ll aglel) Llades _ Lralal) ygadl g b Jall oy 480 Aaaly Alsa
Tishreen University Journal for Studies and Scientific Research- Basic Science Series Vol (20) No (7) 1998

Interference Effect between the Coulomb and Nuclear
Excitation Contribution to the Inelastic Scattering of °Li
from "°Ge and “Ge at 44 MeV Incident Energy.

Dr.Jabbour Jabbour*
Dr.Laurent Hubert Rosier**

(Accepted 24/2/1998)

0O ABSTRACT [J

We have made an analylical study to differential cross - sections for
elastic and inelastic scattering of 44 McV lithiums beam from "*7’Ge, over the
angular range 6c.m. ~10° to 50°, The measured angular distributions for the 0;
ground state and for the first 2] and 37 inclastic (excited) states obtained for
Ge and "*Ge have been analysed within the framework of the collective model
using the Distorded Waves Born Approximation DWBA, including coulomb
and nuclear excitation. The comparison between the expermintal data (Bg
grazing angle and the experimental angular distributions for the 07, 2} and 37

states) and the results obtained from the analys s give good agreement.
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1. Introduction:

When a projectile undergoes clastic scaltering, the internal energy of the
target is unchanged but the projectile is scattered out of the incident beam in a
manner which depends on the interaction between the projectile and the target.
Since the nuclei is a quantized system it may exist in one of a district spectrum
of excited siates, each one is characterized by a set of quantum numbers, and
the higher states may be excited in the process of inelastic scattering in which
the projectile transfers a definite amount of energy to the nucleus. Alternatively,
the projectile may be captured and a different particle may be cmitted, or the
original particle may reappear accompanied by other particles. In each of these
processes the residual nucleus is felt in a well-defined stafe. Thus the study of
clastic scattering provides information about the nucleus in its normal or ground
state, while the study ofinelastic scattering and reactions provide information
on the existence, location and properties of'its excited states. The strength with
which these states are excited in different reactions i1s related to the mode of
excitation.

The interaction between particles may be listed in order of decreasing
strength as follows: strong or nuclear interaction, electromagnetic interaction,
weak interaction, gravitational interaction[1,2,3,4]. The gravitational
interaction is completely negligible in the context of nuclear reaction. The weak
interaction plays an important role in nuclear physics since it is the cause of the
slow decays such as the B-decay of thie neutron but does not play a significant
role in the processes which are generally classified under the heading of nuclear
reactions. We are here concerned with scattering and reactions initiated by
projectiles which interact with the target nuclei through the strong and / or
clectromagnetic interactions.

Heavy lon scattering and reactions have been studied for some time, it is
only relatively recent that the interference effect between the coulomb and
nuclear excitation contribution to the inelastic scatlering process has been
reported(5,6,7]. This effect depends on the incident energy and atomic numbers
of the projectile and target. The fundamental goal of this work is to examined
this effect in "Ge(°Li.*Li) *"Ge inelastic scattering at 44 MeV incident
energy.

The present work reports on measurement of the differential cross -
sections of the inelastic scattering of “Li ions from the even mass stable >*Ge

isotopes, leaving the target nucleus in the excited (.I” =21‘,3,') states. In

addition a comparison is made between the collective model Distorted-Wave
Born Approximation (DWBA) to explain the results. The experimental
procedures have been reporied in earlier publications[8,9.10, 1 1].
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2. DWBA Formalism for Inelastic Scattering;
In this formalism the initial state i and the final state { of the nuclej are

described by the intrinsic wave functions denoted by ¥, and ‘¥, respectively,

and the transition amplitude [or inelastic scattering from the initial state i to a
definite final state { is given by equation, see references[12,13,14,15], as;

1o (F k)= [y (B )2 1o ) x: (R ) ()
where & and %, are the initial and final momenta of the projectile. X,*(l}'“;)

and X, (/? I ) are the distorted wave function for the projectile before and after

scattering;, these functions are calculated by numeric resolution of the
Shrochinger equation with an appropriate spherical optical potential, the signes
+ and - are related to their asymptotic behaviour. The matrix elements

<‘}’f IV fl‘P,.> connect ‘¥, with W, by the effective interaction ¥, (non-spheric)
which induces the transition; V', is given by the equation:
, V()= 1i(r)+V.(r) (2)
where U(r) and V,(r) are the nuclear and coulomb potential respectively.
In the collective model DWBA, the form factor /4 of the 1 multipolarity
excitation is given by equation, see reference[14], as:

_ dUJ 3 R"'
o= A" (2041)72S [- ¢? 7,7, —— ]
= AT (211 291 +1 1 )

where 7> R (Coulomb radius). For r< R, the factor R™'/r'"" must be
replaced by r'/R'*?. A, is a geometrical factor, Z,, and Z, are the atomic

numbers of the projectile and target respectively.
For a J" = 0" target nucleus (our case) the spin ] values of the collective

excited states are restricted to J =1 (transferred angular momentum) and parity
m= (—)I . For other excited states, applying the direct interaction rules leads to

J=1,1£1 and 7r=(—)l from the DWBA | -value due to S=0 or I transfer

generally permitted in inelastic scattering of nucleons.

3. Analysis of Data:

Nuclear projectiles which are charged, such as proton o-particles, heavy
ions, interact with the nuclei through both the Coulomb and nuclear
interactions. For projectiles whose energies are well above the Coulomb barrier
(the minimal energy given to projectile to touch the target), in the centre - of
mass system, is given by[15,16].
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where 6= 1 Fermi, Ry=1.5 Fermi, (4,,7,),(4,,7,) are the mass numbers and
atomic numbers of the projectile and target, both interactions are effective and
the scattering amplitudes add coherently and interfere. Since the calculation is
made by decomposing the distorled wave functions in partial waves, the
precision of calculation depend on 7,,,, which is the number of partial waves
used. More, the radial integrals 7, are made until aradius X,,,= 50 fm, we
neglect the impact parameters b (the distance between the centre of target and
the centre of projectile during the interaction) above R__ . In the inelastic
scattering of heavy ions, Coulomb excitation plays a dominant role. This is due
to the large 7,7, product, as well as the long range of the interaction causing
the excitation. The Coulomb excitation contribution 1o the inelastic scattering is
included by adding a term proportional to 1/r'*" | to the form factor (see section
2). As can be seen, the form factor of the Coulomb excitation falls offas '
The Coulomb interaction (Coulomb barrier) prevents the projectiles from
penetrating the nucleus and experiencing the nuclear interactions. When the
potential V,(r) contain both nuclear (short-range) and Coulomb (long-range)
terms, we can say there is a competition between the both interactions. The
scattering angle 0 (the angle between the final direction of motion of the
projectile and the direction of the incident beam - see figure 1) depends on the
interactions, in consequence, we define three angular zones delimited by @,
(deflection angle or classical scattering angles) and @, (grazing angle: for
#>0,, the nuclear interaction becomes more important than Coulomb

interaction) (see figure 1). As can be seen in figure (1), the effect of the
Coulomb interaction is more nnportanl than the effect of the nuclear interaction
at small angles.
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Figure 1.
Figure 1. Definition of the 0, grazing angle {or scattering of a classical particle.
0 =0, <0, = Coulomb excitation
0 = 0y > Coulomb excifation - nuclear excitation
0 = 0, > 0, — Coulomb excitation << nuclear excitation

When the Z, increases (7, >2) the Coulomb interaction, impact
parameter, and partial waves increase, while the scattering angle
decreases|15,16]. The angular distribution of the reaction is as a function of the
scattering angle. It is very important to calculate correctly the inelastic
scaltering cross section, this means that we must calculate correctly the term
Coulomb. In other words, for which value of scattering we can say that the
calculation is correct?

For that, investigation were . carried out to examine the convergence of
the cross section by repeating the calculations using different matching radii
(R, integration step size and number of partial waves (L, ) so that 8, be
inferior to smaller angle in the experimental angular range and the Coulomb
amplitude be correctly calculated between 0, and @, .

We nole that the optical potential used in the present study is defined as
the sume of the volume real and volume imaginary nuclear potential and a
Coulomb term, thus[12,13,14,15]:

Vj.(r)r- U(r)+VC(r) (5)
=~V f(r Ry, a,)=iW, f(r, R, ,a,)+V,(r,R.)
where R =r.4,"'(4, is the target mass number, x=R]Ic) and
J(r.)=[1+exp(r- R,)/a;]"I is the- standard Woods-Saxon shape function. V,
represents the Coulomb potential of a uniformly charged sphere of radius R_,
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Z,7,e% I r forr= R,

We used several parameters of the optical potential in this
wark[17.18,19,20], the parameters listed in table 1 are referred to as best
lithium potential of Cook[17], and we used a collective form factor, relation (3),
to describe the interaction between the °Li projectile and the target nucleus. The
form factor is simply related to the derivative of the optical potential used to
generate the disorted waves (see, e.g. reference 14 and 21). The calculations of
the theoretical differential cross sections have been made in the collective
model DWBA[12,13,14,15.21] with the DW4 code[22].

VR R ag \\"", 3] a Ie
MeV) | (fm) | (tm) | (MeV) | (fm) [ (fm) | (fim)
‘Li+"°Ge | 109.5 [ 1326 |0.811 3888 |1534 |0.884 |13

fLi+™"Ge | 109.5 | 1326 | 0811 [3843 | 1534 |0.884 |13
Table 1. Parameters of the optical potential.

In the angular range of our experiment, 10°-50°, calculated cross
sections are almost similar for the integration steps between 0.07 fermi and 0.13
fermi with a well deteriined radius. Therefore, a step of 0.1 fermi has been
chosen for all the calculations. Figure 2a and Figure 2b show the calculated
cross section with the DW4 code[22] for the 2! states of "'Ge as a
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function of R (for /.., constant)and 7. (for R constant) respectively. As can
be seen, the calculations converge for R=40 fermi and /. =90: both values has
been fixed and used in all our calculations. We have chosen the 2} state
because the Coulomb excitation effect is the most important for 1 =2: this
effect reduces as a function of 1 and becomes almost negligble for 1 = 4

[n Figure3 we show seperatly the contrbutions of Coulomb and nuclear
excitation in the calculated cross section of the 2; state of ""Ge. As can be seen,
the cross section of the Coulomb and nuclear excitation have different
comportment and are very oscillatory in particular below of @, that we can

theoretically calculate, in the centre of mass system, by equation[16] as:

Osen By (7)

2 25, -8B,
where B, is the Coulomb bartier given by equation(1), _ is the incident
energy in the centre - of mass system and related to incident energy in
laboratory-system 7, by the relation: 7 =1, A4, /(A +4,). by calculating

8 em forthe (°Li, ‘Lin scattering on ""Ge and "Ge studied at I, =44 Mel we
find 6, .,

(for both isotopes), see figure 3.

We have seen that the importance of Coulomb excitation in the
7U=nGe(GLi,(’Li’)70'7266 inelastic scattering has two immediate consequences:
(1} a large number (90) of partial waves must be included. and (ii) the integrals
of the partial waves must be carried 6ut to large radius (40 fermi). As the effect
of Coulomb excitation on inelastic scattering is most pronounced at small
angles (see figure 1), we examined the estimate of this effect at small angles. To
a rough approximation, if /__ Is the number of partial waves included in the
calculation, then an accurate estimate of the effects of Coulomb excitation is
obtained only for scattering angles greater than the classical angle of deflection
for a projectile of angular momentum 7 __. This angle is given by equation
[13,1521] as: @, ~2nil_, if n<<i__. where n=Z,Z-.e’Wh* in this
Coulomb parameter. the reduced mass p=m;.m,/(m;+m,) where m,; and m, are
the mass of projectile and target respectively. For 1__ =90, for the case of
44MeV °Li incident on "Ge, we find n=5.7 and @, =7,26". Consequently, at
angles greater than 7,26%ur calculations should be accurate.

Figure 4 shows our experimental differential cross sections for the 07,2}

and 3] states together with the best fitting DWBA curves that we have
obtained. As can be seen, the DWBA curves agree very well with our data. In
all these calculations, the Coulomb (,6',‘ ) and the nuclear (,B,’"’) deformation
parameters were adjusted to obtain the fits the data (the square of the
deformation parameter is the ratio between experimental and theoretical
differential cross sections). The solid curves in figure 4 were obtained with
B =pY = p,: the dashed curve for the 3; state of ’"Ge was obtained with
B = 075837 ; this leads only to a slight improvement of the fit. The values of the
deformation parameters are:

sin

~25° (for both isotopes). and experimentally we find O gem =23°
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By = 0,840,028, =017 10,02 for "Ge and S, =0,18+0,02, 4, = 0,14+0,02
for *Ge. We nofe that the values of the deformation parameters are compared
with other values abtained from different works and discussed elsewhere[11].

4. Summary and Conclusions:
. . , . . Op o O~
We have studied the elastic and inclastic scattering of "Li from "Ge and

PG at K, =d4d4Mel’ incident cnergy. In spite of this incident energy
(K. =40Ael) is above the Coulomb barrier (B,, ~14Mel), the Coulomb
effect remains important and this is due o the large Z,Z, product. This effect is
ta king into account by adding a V.(r) Coulomb potential term to the U(r)
nuclear potential in the V effective interaction used in the collective model
DWBA; in other words, the Coulomb excitation contribution to the inelastic
scattering is included by adding a term proportional to 1/#'*' | to the form factor.
[n the present work, this effect is negligeble for 7> 4.

The study of the seperately contributions of Coulomb and nuclear
excilation in the calculated cross sections of the 2; states permitted us to
determine @, ~23" . theoretically, we have found 0, ~25°. As can be
seen, both values are very near.

As the effect of Coulomb excitation on inelastic scattering is most
pronounced at small angles, we cxamined the estimate of this effect at small
“angles, and we found that our calculations should be accuratc for the angles

greater than 7,26°.
Finally, the comparison between our data and the collective model

DWBA curves shows a good agreement.
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