CHAPTER ‘I .

INTRODUCTION



I.1. Introduction

Heavy ion colllslon experlments present a rapldly
developlng fleld of research in- atomic and nuclear phys1cso
"I¢ 1s now possible tq)study qtqmlc‘phy5105’far beyond the
vegion of stable elements. Thi; includes the interesting
electrodynamic phenomena associated with an overcritical
coulomb i’leld1 5 that can effectlvely be obtained when two
heavy ions (atoms) come close enough to form, for a short
while, a quasi molecule., It has been recognised that a
careful study of the posiirohsiemitted from thisg system
should be able to provide useful information regarding
the basic problem of the interaction of an elzciron with
a strong coulomb field. Al though éonvénfional perturba=
tion techniques are not applicabie here, significant
progfess has nevgrtheless been achieved in interpreting
qualitatively tﬂe accumulating data on‘thé over critical
field problem. The interpréfation'of the results is,
however, complicated bécause of the fact that positrons
may be produced through a number of mechanisms, Apaft
- from a spontaneous decay of the ﬂeufrgl vaéuum6'there is’
tLue possibility of dynamically induced transitions bet-
ween adiabatic electronic states,-leading to positron |
 emission} This may occur also for states that are not
overcritical. Positrons produced by thgse procésses, are,
'however, distinguishable. While the positrons produced in

spontaneous vacuum decay should have the energy of the
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bdﬁndxgtgpe resonancg;'the energy spectrum in the induced
decay sﬂdﬁlq be mﬁbh broader., Positrons could also be
produced gsla 'shake=off' of the strong vacuum polariza;
tion cloud7 close to the nuclei. Lastly; positrons could
be produced as a result of nuclear processes. Thus,'one
of the nuclei could be coulomb excited and the high
energy photon emitted éould be intérnally converted., It
is.obvidus that a carefﬁl study of all these processes
should be made.before one can confirm the theqretical
concepts. The strong time-dependence of the collision
ﬁrocess plays an important role in the theoretical for-
, mulatién of the problem, Durihg the collision, the

length of the vector fﬁ connecting the two nucleil
changes in‘time and ﬁ also undergoes a rotation.
Some relief, however, comes through the fact that the
motion 6f the_nuclei can be described to a goond accuracy
from a semiclassical consideration, and in some cases,
éimply‘hy RutherfordlSGattering formula,

Apart from dtomic physics, heavy ion experi-
wients have also oPenéd‘up new fields of study in nuclear
phyéics. The nucleus has now been subjectedlto much more
severe perturbations than wefe'eérlier possible with
lighter projectileé. New reaction processes have become
accessible owing to the availability of higher kinétic
energy and angular'mOmentum. Also, fhe sgafch for
2.cotic phenémena like the pfoductibn of shock waves and

superdense matter with the associated phase transition



is continuing. Although the studies 6f‘proton and pion
spectra and their mﬁltiplicities have not yet given any
signéi for tie occurance of these bhenomena, the possi-
bilities are not yet ruled out.lsome progress hés‘also
‘been made in the study of very neutron rich light nuclei
using heavy ion reactions at 16w energiess;,The study
of-huclear states with high angular iomenta has become
another subject of interest in heavy ion physics. Also,
the possibility of transférring a large number of
partiéles prbvidés a.new technique fo probe into
excited states of nuclé11 These deep ihelastic trans=
fer phenomena have also been studied within the
frame work of étatistical mechanics with remarkable
succéss. It is expected that the studieslon the enﬁire‘
range of heavy'ion-reactions,'elastic, inelastic,
transfer phenomena and fusion will provide us a deep
insight into the propérties of nuclei and the nature
of nuclear rorce in near future. The heavy ion reac-
tions herald the begining of a new area of physicsﬁ
. which will dgvelop, giving rise to many new concepts
" as the-experimentél information and the theoretiéal
interpretation bécome mofeAprécisé. |

The collision of @wo ions or atoms is a
complicéted many body problem and a detéiled analysis
is called for'toxextract the relevant information |
~from the heavy ion data. A crucial role is played by

the elastic scattering cross-section. Attempts have been
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made tokstudy yarious elastic scattering procesées assum=
ing different 6ptica1 modél potentials between the colli=
ding nuclei. It iéigenerally hoped,thquh not confirmed,
that a suitable complex optical potential will sﬁffice

to describe the elastic scattering results. The interac-
tion pofential.may be useful also for solving the equa<
ti&n of motion for heavily damﬁedpcollisibn, because the
&riving force is the gradient of the interaction‘potenf
tial. The concept of scattering from a complex potential
has, therefore, been subjected to considerable scrutiny

in connection with the heavy ion reactions. The data from

.elastic scattering experiments with a variety of projec—.

tiles and targets are now available and some-attempts
have been made to fit these data with potential models,

mostly of the Woods—Saxon type. Although a direct

numerical method of computing the phase shifts and

hence the cross-section still remain the wost depen-

dable way of studyiﬁg the heavy ion scattering, it has

been realised since the early days of heavy ion physics
that semiclassical methods may be quite useful in this

field. The large value of the Sommerfeld parameter

M= BEeel

. . ' . . 4
reduced mass induce a more classical behaviour than wien

and the large value of the

the projectile is a light particle. Naturally, conside-

rable attention was paid to the study of heavy'ion pro-

" cesses in the semiclassical approach. This also helped



in model building because one could follow the interact-
ing ions during the whole reaction time.

While the extensive work on the semiclassical
methods in connection with the heavy ion scattering
brought out many new interestihg features, no semicla-
ssical method has ;o far been found suitable for an
accurate calculation for a realistic heavy'ion sca-
ttering. It appears that further work is needed in this
field to exploit fully the versatility of the seﬁiclassi-

cal approach,

I.2. Aim of the work

The aim of the present work is to study the
accuracy and efficacy of a particular semiclassiéal
&ethod; first suggested by Miller and Good; for appli-
cation to the étudy of heavy ion elastic scatteringo
This we intend to do in steps. The accuracy of the
method is first checked by considering some simple
real as well as complex potentials. The method is

160 - 160 elas-

next applied to a typical case, viz,
tic scattering. The eMphasis.has been on testing the
applicability and thus highlighting the practical
-difficulties, if any, in working with the semic}assi-
cal method, rather than studying the %0 - 18

" scattering process very accurately. Thus, we have

considered the optical model poﬂential obtained by
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Maher et al, although it is known that this potential
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does not fit the experimental -data for energies greater

than 25 Mebo We have considered & simple generalization
of the Miller?Good method suitable for complexitrajec-

tories and the extensive work of Knoll and.Schaeffer
in this.field has been very useful in choosing the ‘

"contributiﬂg trajectories when more than one turning

- points are relevant.

I.3. Summary of the work -

The scheme of presentation is as follows:

(a) In Chapter II, we haveldiscussed.briefly the

Miller-Good semiclassical method and its generalization
for cqmplex frajectories, which we inténd.to apply for

the study of some scattering phenomena, including a

typical heavy ion elaétic scattering process.

(b) In Chapter III, we have applied the Miller-
Good method to two types of potentialst (i) real poten—
‘tials like Ywkawa and Ekponential and its complex

generalization and (ii) a complex potential of the

'typé 5%-— £§; . o The calculated»results for

the real poteﬁtials'weré compared with exacﬁ results
and the accuracy of the method for reél{potentials
were checked. The complex potential (ii) is interest-
ing also because the relevant Schrodinger equation

is exactly solvable énd the exact coumplex phase

shifts can be obtained analytically. The generalized



semiblaébical method is then*applied to this potential.
.The semiclassical phase shifts have been shown t6 be
rairly accurate over a wide range of walues of the

* parameters, and even at fairly. low engrgieé; This
encourages one to apply the méthod to the study‘of
realistic problems, e.g. heavy ion scattering phenomena.

(¢) In Chapter IV, we have first considered the

16 16,

‘effect of the nuclear coulomb field in the ~ 0 -
elastic scattering by applying'the real Miller—-Good
umethod, and treating the absorptive part of the poten-—
tial perturbafively. In calculating heavy ion scatte-
ring cross-section; it has been the usuval practice to

. treat the'coulbmb'effect approximately. Thus the poten-—
tial taken is obtained. either by (a) considering a’
point charge and a éphere of uniform'charge density or
(b) that between two uniformly charged spheres. When

. the nuclei are heavy and have Fermi itype of charge
distributions, the approximation is a good one. But

it is not obvious that the approximation will be valid

for light nuclei like ( ‘2¢, 1©

0 etc.) in the region
where the charges overlap. We have, theréfore, made
semiclassical célculétionstaking two types of
charge distributions: (i) uniform and (ii) modified
harmonic Welltdistributidn, which is the accepted
distribution for p-shell nuclei. It has been seen

that the difference of phase shifts in the two cases

is noticeable at least for some low L valuess,-



Thé cross—sections in general do_notvshow much difference.
However, it has been pointed out that there is some justi-
- fication fbr chooéing the realistic charge distribution
for lighf nuclei like’ 12C, '160 when one tries to fit
an entire range of experimental results of heavy ion
scéttering, like elastic_séattering, tfansfér phehomena,
fusion etc. |

' We have next applied. the complex Miller-Good
method to study d typical 160 - 160 elastic scattering
phenomena at a high energy. The prescription of Knoll
and Schaefier has been'followed in the selection df
importanf trajectories. The perturbative method of
treating complex potential has also been considered for
this problem. The two results have been compared. The
‘difficulties in applying a cdmpiex sémiclassical method
for a quahtitative calculation have been pointed out.

Jur conclusions are also sumiarized.,

I.4.. Computafional work

| We have written down two programs for calcu-
lating (i) the phase shifts by the semiclassical Hiller-
Good method including the fifst order correction term

in ﬁq'fOr some simple potentials and (ii) a program to

| calculate the phase shifts and cross-sections for
_elastic scattering of p-shell nuclei with couiplex tfajec-
tories for cases where there is contribution from only

ne complex turning point. The charge distribution could



be either (i) uniform or (ii) modified harmonic well
type. The phése shifts have been calculated explicitly
upto .L.; 100 and for higher L, the phase shifts have
been assucied to be given by‘those of the coulomb
field. The cross=section has been symmetrized for ‘

identical nuclei and the ratio of the cross—section

to Mott scattering cross—section has also been computed.
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