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Summary

Using the nuclear-modified Glauber model by taking into account the classical perturbation of Cou-
lomb trajectory due to the nuclear potential, the elastic scattering angular distributions of heavy ions
are examined. This model has been applied satisfactorily to elastic scatterings of the systems ‘Li+*“Ca

and ‘Li+"Zr at E,,, =210 MeV. The near-side and far-side decompositions of elastic cross sections
following the Fuller formalism have been also performed.

Introduction

In recent years, much interest is being focused
on heavy ion elastic scattering. One of the
methods for the analysis of elastic scattering
data is the optical limit to the Glauber theory
(Chauvin et al., 1983: Chauvin et al., 1985:
Vitturi and Zardi, 1987. Charagi and Gupta,
1990: Charagi and Gupta, 1992). This method of
analysis has been quite successful in describing
the heavy ion elastic scattering.

In the simple Glauber approach to heavy ion

elastic scattering (Chauvin et al., 1983; Chauvin
et al., 1985),
attenuation of the elastic channel occurs by

it is assumed that the flux

means of nucleon-nucleon collisions along a
classical straight-line trajectory. Vitturi and Zardi
(1987) modified the standard form of Glauber
model to account for the Coulomb distortion of
the trajectories occurring in the case of heavy ion
scattering and applied it successfully to elastic
scattering for E,,,=1760 MeV “Ar and 390 MeV

C ions on *'Pb target nuclei. Such a model is
known as the Coulomb-modified Glauber model
(CGM).

* A g4 2|43 (Dept. of Physics, Cheju Univ., Cheju-do, 690-756. Korea)
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In the previous papers{Cha and Kim, 1992:
Cha et al., 1993). we have presented a nuclear-
modified Glauber lnodel for describing elastic and
inelastic scattering processes between heavy
ions, This model is included the deflection effects
due to the Coulomb and real nuclear potential, to
first order, in the manner of Brink and Satchler
(1981), in which it has been taken into account
the change in turning point due to nuclear po-
tential by expanding E-V{r) about r=d,.

Another approach to include the deflection
_ effect of heavy-ion trajectory due to nuclear
potential has been found from classical per-
turbation of Coulomb trajectory by Christensen
and Winther (1976). Some years ago, Nadasen et
al. (1989) have observed the elastic scattering
angular distributions for *Li on “Ca and "Zr at
E,p,=210 MeV and have analyzed these data
using the optical model. In this paper, we ana-
lyze the *Li+*“Ca and ‘Li+*Zr elastic scattering
at E,,,=210 MeV based on the nuclear-modified
Glauber model (NGM) by taking into account the
classical perturbation of the Coulomb trajectory
due to relatively weak nuclear potential in addi-
tion to Coulomb field of the Coulomb-modified
In Sec. I, we present the
scattering amplitude in the nuclear-modified

Glauber model.

Glauber model. Results and conclusions are

presented in Sec. I.

Scattering Amplitude in the
NGM

The differential cross section for the elastic
scattering is given by the following equation :

do _ :
a0 If@AI )
where the elastic scattering amplitude f{(6) for

spin-zero particle via Coulomb and short range

central forces can be separated into the Ruther-

ford and nuclear parts by writing (Brink, 1985}

£(0) =15 () +I}?£ (8+4) exp (2ie,)
=0

(s¥ -1P, (cost). @

Here, fz(6) is the usual Rutherford scattering
amplitude, o,=argl(¢+1+i7) are the Coulomb
phase shifts and 7=mZ,Z,e’/(i’k) is the
Sommerfeld parameter.

In the standard Glauber model optical limit, the

nuclear scattering matrix S is expressed as

(Chauvin et al., 1983)

s =exp(%mi— 0,6m ). @

where the scattering amplitude for the nucleon-
nucleon scattering at 8=0°, fyp(0), is related to
the average nucleon-nucleon tolal cross section

opy through

fun @) = "4—“: o (pe+ 1) @

where ayy is the ratio of the real to the imag-
inary part of the forward nucleon-nucleon
scattering amplitude. In determining the value of
opn. it is convenient to use the expressions given
by the Charagi and Gupta(1990). 0, is the
overlap integral of the nuclear densities along a
straight line trajectory characterized by the
impact parameter b= (¢+-4)/k. In the Coulomb-
modified Glauber model, the impact parameter b
is replaced by the distance of closest approach,
de:

-1 2
d= (7t 7+ (g+4))V2), ©)

Assuming a Gaussian distribution of the nuclear
density (Chauvin et al., 1983: Vitturi and Zardi,
1987)

o () =pOexp(-r/al) (=T.P) ©)
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for both target and projectile, 0, is given by

-2
d

aj+a}

3.3
0,=2 0 2 O 3L exp( ¥0)
apar

where a, and g(0) are usually determined from
the experimental RMS radii.

Equation (5) assumes point charges interacting
via the Coulomb field alone. It therefore does not
include the deflection in the trajectory of heavy
ion due to the real nuclear potential. As is shown
Christensen and Winther (1976}, the deflection
effects due to the Coulomb and relatively weak
nuclear potentials are determined by the classical
perturbation theory.

In the first order perturbation theory, one can
find that the distance of closest approach is
given by (Christensen and Winther, 1976)

d=d+A ®
with
A=d 1t e ——V"zg‘" : ©

where ¢, is the eccentricity in the hyperbolic orbit
=0+ (Bt (10)
and Vy(d,) is the nuclear potential in the form

v
Vi (ds) ='1Tea'ﬂ—/. . (11

In the nuclear-modified Glauber model with
classical perturbation of the Coulomb trajectory,
the distance of closest approach d, is replaced by
d given in Eq. (8).

Results and Conclusions

We have applied the nuclear-modified Glauber
model formalism to the elastic scatterings of ‘Li+
“Ca and ‘Li+™Zr at E, ;=210 MeV. Table 1
shows the input values in the NGM and in the
CGM to calculate the differential cross sections.
In Figs. 1(a) and 1(b),
represent the cross sections obtained in the CGM
optical limits and the solid curves denote the
results in our NGM optical limit. It is seen that
the agreement of the our NGM results with the
experimental values(Nadasen et al., 1989) is
remarkably good with respect to the results of
the CGM. We can see in Table ] that values of
x'/N apparently decrease in the NGM compared
with the results in CGM.

In Fig.2, we plot curves of the transmission

the broken curves

function T,=1-|S} |* for the elastic scatterings
of ‘Li+‘“Ca and ‘Li+"Zr at E,, =210 MeV. Solid
in Fig.2, denote the tr-
ansmission functions calculated by NGM and
CGM, respectively. It is noted that the broken
curves are undistinguishable from the solid ones.
As seen in table 1, such facts are reflected in the

and broken curves,

Table 1. Input values and total reaction cross sections (og) in the Coulomb-modified Glauber
model (CGM) and nuclear-modified Glauber model (NGM) for ‘Li+*"Ca and *Li+™Zr at
Eip =210 MeV. The RMS radius are taken from Charagi and Gupta(1990).

Terget ol ay v, o a CGM NGM CGM  NGM
(mb) MeV)  (fm) (fm) og(mb) og(mb) /N 2/N

“Ca 165. 4 0.775 20 1.06 0.26 1889.9  1890.4 24.9 16.9
*Ze 165. 4 0. 751 20 1.10 0.22 2675.7  2676.0 30.3 19.1

* oyy are obtained by using equations(22) and (23) in Charagi and Gupta (1990), instead of

experimental values,
® 10% error bars
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Fig. 1. Elastic scattering angular distributions for systems (a) ‘Li+*Ca and (b) SLi+*Zr at E =
210 MeV. The solid circles denote the observed data taken from Nadasen et al. (1989). Solid
and broken curves ere the calculated results from the nuclear-modified Glauber model and
the Coulomb-modified Glauber model, respectively.
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Fig.2. Trensmission functions for (a) ‘Li+‘“Ca and (b) *Li+*2Zr systems at E,,,=210 MeV plotted
versus the orbital angular momentum. Solid and broken curves are the calculated results
from nuclear-modified Glauber model and Coulomb-modified Glauber model, respectively.
Here the broken curves are undistinguishable from the solid ones.

total reaction cross seclions. In the elastic by NGM are a little larger than ones by CGM.
scatterings of ‘Li+“Ca and *Li+™Zr at E,,,=210  We can see also that transmission functions are

MeV, the total reaction cross sections calculated shifted to the right as the target mass increases,
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in this figure,

The near- and far-side decompositions of the
scattering amplitudes were also performed by
following the Fuller's formalism (Fuller, 1975).
The contributions of the near- and far-side
components to elastic scattering cross sections
for the systems ‘Li+*Ca and °Li+*Zr at E =
210 MeV are shown in Fig. 3 along with the total
differential cross sections. The total differential
cross sections is not just a sum of the near- and
far-side cross sections, but contains the in-
terference between near- and far-side compo-
nents. The oscillations observed on the elastic
angular distributions of *Li+ **Ca and *Li+ »Zr are
both due to the strong interferences between the
near- and far-side components. The magnitudes
of the near— and far-side contributions are about
the same at 6_ , =12.2' for ‘Li+“Ca and atg_

=18.8° for °*Li+™Zr, respectively. However, the
far-side contributions to the cross sections
dominate both at the regions grealer than those
angles.

In this paper,
modified Glauber model for heavy ion elastic
scattering lo take into account the deflection

we have presented a nuclear-

effect in the trajectory due to the relatively weak
nuclear potential in addition to the Coulomb
effect in the Coulomb-modified Glauber model. It
has been applied satisfactorily to the elastic
scatterings of ‘Li+“Ca and ‘Li+™Zr at E,,=210
MeV. We can see that the oscillations observed
on the elastic angluar distributions of °Li+*“Ca
and ‘Li+"™Zr have been understood due to the
strong interferences between the near- and far-
side amplitudes.

105 106 '1]]]]‘]'[7"'[1!"]‘
S
104 [ 6Li + 4°Ca 105;g 6Li + 90Zr
Ejp=210 MeV 3 o4 | E,p=210 MeV
103 - E,
- E 3 "\
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Fig. 3. Differential cross sections (solid curves), near-side contributions (long-dashed curves) and
far-side contributions (short-dashed curves) following the Fuller's formalism (Fuller, 1975)
by using the nuclear-modified Glauber model for the systems (a) *Li+*Ca and (b) *Li+>Zr

at Eld!=210 MeV.
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