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ABSTRACT — The semi-classical theory is used to describe the different
oscillatory behaviours observed in the elastic and inelastic heavy ion scattering
cross-sections at incident energies near and above the Coulomb barrier. The
theory predicts two different phases rules which are well observed in the analyzed
data: elastic and inelastic scattering cross-sections of 1B on 208Pb at EL=722MeV
and of 12C on #7A] at EL. = 46.5 Me V.

1 — INTRODUCTION

In heavy ion reactions, the structure of the elastic and inelastic
scattering cross-sections strongly depends on the scattering angle region
and on the incident energy. At energies below or just near the
Coulomb barrier, the nuclear potential can be treated as a small per-
turbation to the Coulomb one and the classical deflection function is
nearly of Coulomb form. The agreement of semi-classical theory to
describe such process is well known [11-15] [17]
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At higher energies [*1-[%] (above the Coulomb barrier), there exist
a scattering angle 9, close to the angle of grazing collision for which
the deflection function is stationary. On one side 8> 6, the elastic
and inelastic scattering cross-sections drop rapidly to very low values,
on the other side 8 <6, they present «out of phase» oscillations
irrespective of the parity of the transition ('] [1%],

In the lit region 6 < 6, the observed phase rule results from the
quantal interference effect between two classical trajectories which
contribute to the cross-sections at each scattering angle, and to the
fact that the one, with high impact parameter is mainly described by
the Coulomb forces whereas the other, with low impact parameter is
mainly described by the nuclear forces. The contribution of the nega-
tive branch of the deflection function can be neglected (Section 2. 2).

In the dark region 6 >0, the scattering is essentially described
by the rainbow process and drops exponentially to very low values.
When the incident energy increases ', the elastic and inelastic cross-
sections present in the lit region the previously mentioned «out of
phase» oscillations structure. On the dark side of 6,, the fall-off is
corrected by oscillations. This oscillations structure observed for 6>,
can be interpreted as the interference between the rainbow scattering
(decreasing fastly) and that defined by the negative branch of the
classical deflection function whose relative contribution increases with
the incident energy (Section 2. 3). In the inelastic cross-sections, the
theory predicts oscillations which are «in phase», or «out of phase»
with the elastic one according as the transition is even or odd. This
result his exactly the inverse of the well-known Blair phase rule (*].

The forms of the ion-ion potentials and the resulting classical
deflection functions are discussed in Section 3. The theory outlined in
Section 2 is used to describe:

— the elastic scattering and inelastic 37 (2.61 MeV), 5 (3.20 MeV),
27 (4.10 MeV) and 47 (4.31 MeV) transitions in 208Pb in the
collision with "B at laboratory incident energy of 72.2 MeV

— the elastic scattering and inelastic 27 (4.43 MeV) transition in

12C in the collision of '2C on 27Al at laboratory energy of
46.5 MeV.

The experimental data ("] '] and the theoretical results are presented
in Section 4.
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2 — INELASTIC SCATTERING
2.1. Qulline of the theory

The semi-classical formulation of the inelastic cross-section is
developed by use of mathematical approximations analogous to those
defined in the description of the elastic scattering ['"1-[13],

In order to discuss correctly the approach to the classical limit,
it is most expedient to start from the scattering amplitude in the form
usually defined in quantum theory for a central interaction [,

[ . * ‘) c 2
dc‘—‘ﬂ’—ﬁiﬂza(!,l,‘,]j-) | Brm | @2 1)

dQ  2=he k 21 +1 9L 41

LM

Bn=@A=2 Y N N TN () Y (— )

5 ‘{,- my I’;‘ mg

exp (¢ (ny, +mp)) < lLimilpmy [ LM > <liolpo|Lo >

ﬂ‘ ff 5 oys ’ 9 9
Tyt Mty @2
where
1 - .
17y = drwg (kir)u, (ker)FL(r). 2. 3)
! ki ky J[l /

For the incoming waves wuy, ;.(kr), we assume the form defined
outside the nuclear region

w;(kr)=cos 3; Fi(kr)+ sind; Gj(kr) 2. 4)

where F;, G; are the regular and irregular Coulomb wave functions
and ¢, is the nuclear phase shift of the /-partial wave.

In (2. 2) and (2. 3), L. defines the multipolarity of the transition,
Ai and Fi are respectively the spectroscopic factor and the form
factor of the Coulomb or nuclear excitation forces used to describe the
interaction of the ions. Their explicit forms are defined in the frame-
work of a collective model (vibrational or rotational) of the target
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nucleus (1 091 In (2. 1), (2. 2), (2. 3), pir, kir, 0y are respectively
the reduced masses, the wave numbers and the total (Coulomb 4
nuclear) phase shifts in the incomming (7) and outgoing (/) channels.

In near classical conditions, many partial waves contribute to the
sum in (2. 2) and we may introduce some approximations. We take
the variables (L ,M) fixed and let the angular momentum I;, If
become infinite with the difference p==1,—1, finite. The classical
limit of the radial integrals (2. 3) have already been discussed (7]

- oo
I, 1,(L) ~ #acos (3 — 5{,)1 dwexp (& (esinhw + w))

(e 4+ cos hw 1 sin hw (2 — 1)42)"
(scoshw + 1)* !

—I'(l,u,L). 2. 5)

FL(r ()

The use of the variable «»» is the usual parametrization defined for
the radial variable in serni-classical Coulomb theory

r—a(ecoshw+1) (2. 6)

where a=1»¢/k for the Coulomb trajectory.
n¢ is the Sommerfeld number and

(2 (4 1 /22
£ = 7 / : 2.7

In order to improve the semi-classical results, we use some average
values between the initial and final ones for «, & and /:

o = (o w P = (ks kP z=—3'2;"i 2. 8)

el

To proceed further, we replace the sums ,E 2 by ‘EJ LL d! and
L

we require the asymptotic forms for the spherical harmonics, the

total phase shift and the Wigner coefficients (18]

1 g 1 oy T
You(8,9) ~—em® W cos (U +1/2) 0 + (m—1/2) E)
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valid for
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The classical expression of the scattering coefficient (2. 2) is:

. S
3 —4 - Y O d - 2
=43, ; 9L +1 (sin0)e ”‘(- ) REioh
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where

1 *_-:‘—? 1_:\1.

12 9
Lw=15° f‘*”’(L,p DItemuzw (2, 1)
To obtain an accurate evaluation of the semi-classical expression (2. 10)
we must examinate the various approximations available to evaluate
Lps (2.11). The classical deflection functions @ (/) we

consider to describe heavy ions collision will be explicitly defined in
Section 3.

the integrals I

2.2, Analysis in the lit region of 9,

In the lit region 6 < 6,, the most important contributions to the
scattering come from Coulomb and nuclear surface trajectories defined

by 8=+40(). So, in (2,10}, we only retain the Iy, terms. In
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order to calculate the amplitude integrai (2. 11), let us define the new

variable (121

X LAG) (2. 12)

:

et)=2n(l)—18=E@)x+

such that

i p,—“-’_m THL i
1 2 \d)- X s - i : d b
e ] il (.\",:u————(—)l (L,p,a(x) e COFB g (2 13)
V2. dx
Only the stationary points regions at x = 7£'”(9) are considered to
contribute to the integral, and we stipulate the correspondence to be

S S - SR
I=h # it (2. 14)
l=l——x=+41E"(8)

When alternatively inserted in (2. 12), these relations yield the values
of A(6) and £(6). For 6<6,, I, and /, are real values and £ (6)
will be real and negative: £(8)=—|%(8)|. In order to evaluate (2. 13)
we introduce the serie:

d (x) r

M) B T L @)= X (2RO (P H ). (219)

m=0

The stationary phase approximation in (2. 13) defined for £ (6)+4x2=0,
corresponds to the lowest order =0 approximation (2. 13). Using
the relations (2. 14), py and ¢y are defined by

1 .. ; 1 : ;
Pn='§(f1 + 1g) ‘?u:w(*‘e-“l) (2. 16)
with
- 12 iR
it 85T 2.17
=4 o] e o

In these expressions (2. 17) the derivative is supposed to be negative
for I=1I, and positive for =1/, (Fig. 1-2). By inserting (2. 15)-

102 Portgal. Phys.— Vol. 9, _asc. 3, pp. 97-116, 1975 — Lisboa



SILVEIRA, R. DA and LECLERCQ-WILLAIN, CH. — Inlerference effects in heavy...

(2. 17) into (2.13) and integrating, the inelastic scattering integral is
approximated by :
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It we describe the excitation of a vibrational even-even nucleus from
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with
u=[ 0] @ 20

oy and 9(8) are respectively the classical elastic cross-section and
the phase difference [10]-[13]

_ l;+-1/2
© Ksing |/ ()|,

%
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li(6)
a(e)=f”‘ @) (D —8|dl=2n()—L6—2n{y) +-16. (2. 22
()
AE, 1 (At + Ap)
Ar-Eo
the use of the symmetrized form (2. 8) for the impulse parameter %.

The inelastic amplitudes aor,u(l;) have been explicitly defined in
references [1] [16],

Far from 0,(6<<9,),|E(8)| is large; the Airy functions and
their derivatives may be replaced by their asymptotic expressions [1]
d ool

and (2. 19) reduces to the form
2 1Sy (F o)
a‘Q '.:‘n‘(]—-“l.‘) §| Lm(g,t)

!”(Cl) lagr,u (31) i t“"2.2) Laor, (o) 2
+ sind (3 5(9)"2 [aor, u (1y) agr, p (L) + adr, () ao1, . (I3)]

— 1¢0s 3 (a(1yo2)"2 [@o1, » (1)) abr, u (lg) — @by w (1) @01, n (1))} . (2. 23)

The coefficient (1 —1)12 where == results from

This expression is exactly the form deduced when evaluating the
inelastic integral (2. 11) by the method of stationary phase [14] [16],

At each scattering angle, the contributions of the two branchs of
the deflection function (Figs. 1-2) are required; branch (1) is essen-
tially defined by the Coulomb interaction, branch (2) by the nuclear
one. The inelastic amplitudes being of opposite signs on these two
branchs, the interference terms in the expressions of the elastic (16)
and inelastic scattering cross-sections (2. 23) have opposite signs.
So, these expressions reproduce quite well the out of phase rule
observed for 6 < 6, in the experimental results (Section 4) and its
independence on the parity of the transition.

2. 3. Analysis of the dark region of 0,

In the dark side of 6,, the structure of the elastic and inelastic
scattering cross-sections strongly depends on the incident energy.
In experiments performed at energies about 1.5 times the Coulomb
barrier (*)-1%], the elastic and inelastic scattering drop rapidly to very
low values 1°1-[13]. The scattering cross-section is derived from the
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same formulation (2. 19) with complex conjugate values of /;, / and
of (1), ®(ly). Near 6,, /; and /, are both nearly real and equal
to the rainbow [ value /.. So, using this value and the cubic
approximation of (/) near /=100, (2.11) reduces to the Airy
approximation :

—iMg i iem)-el)

+ry 12
II‘FS-—@ e e Varl)

g AP O —6)) I (L) (2. 24)

The rainbow scattering being the main process, the rapid fall-off of
the elastic and inelastic cross-sections in the dark region is described
by the behaviour of the Airy function for 6 > 8,. The inelastic cross-
section for 8 > 6, can be defined by the expression:

dolirlr a?(l-—o 21,41 o 2. ;
_ ST 9l g A (g1 (8 —0,)
40 sin @ oL 41 g ™ )

>

I&

AT

2.25
2L+1 ( )

Yiw (5:0) [ @)

At higher incident energies ("] — about 2.7 times the Coulomb
barrier —, one observes well defined oscillations in the elastic and
inelastic cross-sections. In this case, the contribution of the negative
branch of the deflection function (Fig. 2) is no more negligibly small
in front of the rainbow amplitude. So, in (2. 10) we have:

1
ILP-x + Il.y.s

= ]t:: + 1, .. (s) (2. 26)

where Ii'i:) is the rainbow amplitude defined in (2. 24) and I (J5),

defined with the stationary phase approximation, is

L

s

(t=e"" %e_f% _"’"3__]”20 i(2m+ ot 7)
10" ()|,

Pl e ). (2. 27)
With the scattering integrals (2. 26) and the approximations (2. 24) and
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(2. 27), the explicit expression of the scattering amplitude (2. 10) is:
P P g amp

T s 3%
IR WL B (L B
: 2L 41 (singy2

inz . :
E*w(* 0)“;_u(§)"’ (et — () ase™) (2 2)

-

where we define :

ar=2rlPq PAi(gPO—0))Lu()

Qxly 2,
ag=| ——| ILu(l
| e

3=2un(l,)— 0l ——
4
=2a(ls)+0h——. 2. 29)

In this case, the inelastic cross-section for 8 > 6, will be given by the
approximated form :

do"  a2(1—ape r)1,+1
aQ - sin f EJ(I ]If)

2

Yip (%a”) ‘ 27l g P A%i(gP(O0—6,)) | TLp ()2

P‘
I
ey e
—2(— 27hl R s B g,
2 (—)* cos (3, )[IB’fJI:sJ Ai(g"P0—0,))
Apw(ls) I () (2. 30)

For 8> 8,, the oscillations observed in the elastic and inelastic
scattering cross-sections can be described by the quantal interference
effects of the rainbow scattering at each angle 8 with the semi-

106 Portgal. Phys. — Vol. 9, fasc. 3, pp. 97-116, 1975 — Lisboa



T T

SILVEIRA, R. DA and LECLERCQ-WILLAIN, CH. — /nterference effects in heavy...

classical scattering defined for ©(/)=—28. From the (—)“ phase
factor of the interference term in the expression (2. 30) it results that
the inelastic scattering cross-sections of even and odd parity transitions
present oscillations that are out of phase. If we now compare the
inelastic expression (2. 20) to the elastic one:

do T S——
,*:; 0> 0) =127 1g W A2 (PO —8,) (2.31)
l 2mlyly |2 .

oot b= g | resiere—s)

we conclude that they predict oscillations which are in phase or out
of phase according as the inelastic transition is even or odd. This
phase rule between the elastic and inelastic cross-sections is just the
inverse of the well known Blair phase rule (%] which applies in high
energy diffractional like scattering. A typical example of the Blair
phase rule in heavy ion is given by the scattering of 12C on 100 at
168 MeV [21],

3 — SCATERING POTENTIAL AND DEFLECTION
FUNCTION

To describe heavy ion scattering, we use a central potential
defined as the Coulomb potential superposed to a Saxon-Woods
shape nuclear one

Z ?-T @ ¥,
r— Ro

14 exp

v(r)= (3. 1)

T

The deflection function is obtained by numerical evaluation of
the integral :

(14+1/2)%

9(!):11__9.{09 12 T Lg 9)
[2 By T P ]"2 ‘

12
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the parameters V,,Ry=1, (Al + A% and o of the nuclear poten-
tial being defined by a best fit of the elastic scatermg cross-section.
The calculations being greatly simplified by using for ©(/) an ana-
Iytic expression, we fit the deflection function obtained numerically
with the parametrization form proposed by Ford and Wheeler (10]

O ()=, —o 2 n;'—_’ﬂ 3. 3)

r a

with o=gq(l,—1,)2 where

1 [d20) _
q=§|: dl? ]:,. oY

defines the curvature of O (1) at /=1, .

In Fig. 1, we give the exact (3.2) and parametrized forms of
the deflection function ©(/) used for B on 28Pb scattering at
Elnb =722 MeV.

g0t ' ' '
B"+Pb208  E-722 MeV
70 |
Bp_615 [VO - -45
G0FE T, {r.=125
0
. /(CI =0.25
= sof- g
T ok \ e -
\ T
F \glq =355 1
sl I~ =395
(9r=615
1ol q =64 107
ol
| | | |
%0 ) 60 70

Fig. 1 — Classical deflection function used in the description of the elastic and
inelastic scattering of 1B on 8Pb at EL = 72.2 MeV. Full curve: numerical
evaluation (3.2); parametrized form (3.3).
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For I > 1., the decrease of the parametrized form is much too
rapid with respect to the one defined by pure Coulomb field.
To palliate this defect, we use in the expressions of elastic
and inelastic scattering cross-sections, the Coulomb classical result

o
4 k2sint8/2
the deflection function.

The deflection function used to describe the scattering of C
on Al is defined on Fig. 2.

Q'R=

for 1>1, i. e. on the right branch (branch 1) of

C2. A7 |
EL- 465 MeV

8()
4ok

20

=201

- 401

-60

Fig. 2 — Classical deflection function used in the description of the elastic and
inelastic scattering of 12C on 27A] at E] = 46.5 MeV.

In such a case, the contribution from the negative branch
O (l)=—0 is no more negligeable against the contributions from the
positive branch © (/)= 46, especially in the dark region, owing to
the decrease for 8 > 6, of the contributions from © (/)= 6.
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4 —RESULTS

The theory outlined in Section 2 is applied to describe some
experimental results in elastic and inelastic scattering of heavy ions at
incident energies above the Coulomb barrier [9]—[15].

The analyzed data are:

— the elastic scattering and inelastic 37 (2.61 MeV), 5~ (3.20 MeV),
27 (4.10 MeV) and 4+(4.31 MeV) excitations of **Pb in the
collision with B at laboratory incident energy of 72.2 MeV

—the elastic scattering and inelastic 2" (4.43 MeV) transition in
2C in the collision of C on *'Al at laboratory energy of
46.5 MeV.

The inelastic scattering cross-sections of "B on *%Pb at 72.2 MeV
laboratory energy reported on Figs. 3-4 are obtained in absolute scale
with formulation (2.19); the elastic cross-sections reported are deduced
from the associated expression ((2.20) in ref. *1). The «out of phase»
oscillations defined for 8 < 8. in the elastic and inelastic scattering
cross-sections are well reproduced. The observed phase rule does not
depend on the parity of the inelastic transition.

The elastic and inelastic (L.=2) scattering cross sections of 2C
on *Al at 46.5 MeV laboratory energy ((2.7) times the Coulomb
barrier) (Fig. b) are obtained in absolute scale with the formulation
(2.30) and (2.31) respectively. The «in phase» oscilations observed are
quite well reproduced. In this case, the analysis has not been done
for 8 < 6,; the behaviour of the Airy approximation used in (2.30)
and (2.31) failing, badly in the lit region even when (6 —9,) is only a
few degrees.

Choice of parameters

The nuclear potential parameters (Vy,7q,5) and the parameters
(8-, 1-,1a,9) of the parametrized deflection function ©(/) are obtained
by best fit of the elastic cross-sections. Table I gives the values used
in the present analysis. The parameter R.=1r.A"® defines the
spherical distribution of charges chosen as equilibrium state for the
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"B +2%°Ppb E =72.2 MeV

5
D

[lll

11y
R U 1

[ |

37 261 MeV

1 1 | 1
20 30 40 80 60 g

Fig. 8 — Cross-sections of the elastic and inelastic 27 (4.10 MeV) and 3-(2.61 MeV)

excitation of 28Pb in scattering of HB on 208Ph at EL = 72.2 MeV. Potentials (1)

and (2) give similar fits to the data; potential (3) gives a better agreement with

the experimental results [9] for the 3~ excitation. The uniform approximation (b)

for the elastic and inelastic 2% cross-sections are compared to the asymptotic
expressions (a)

Portgal. Phys. — Vol, 9, fasc. 3, pp. 97-116, 1975 — Lisboa 111



SILVEIRA, R. DA and LECLERCQ-WILLAIN, CH. — Inferference effects in heavy. ..

target ion. (a) is the distance of closest approach of the ions on their
trajectories '] . As it is well known, a variation of the potential shape
does not really affect the elastic scattering results but introduces
sensitive perturbations in the inelastic one, the form factor being
proportional to the derivative of the nuclear potential. The variation
of the nuclear potential parameters induces variation in the relative

1

B +?%®pp  E_ = 722 Mev

Qla

05k
03}
= )
&
o]
£
o 1k
g o ]
~
b
pel
05t
02t

0 1 ! I 1 1 1
200 30 40 50 60 e,

Fig. 4 — Cross-sections of elastic and inelastic 5 (3.20 MeV) and 3+ (4.31 MeV)
excitation ol 208Pb in scattering of 1B on 208Pb at ELL = 72.2 MeV. Potentials (1)
and (2) are the same of Figure 3.
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amplitudes of the oscillations and in the absolute scale of the inelastic
results. The interference structure is very sensitive to the diffuseness
of the nuclear potential and to the distance parameter (@) whose value
depends on the form of the nuclear potential.

In the scattering of "B on **Pb, three potentials have been used.
For set (2) the last minimum (8 < 9,) in the inelastic cross-section
is not deep enough for the 2 as well as for the 37 state excitation.

This choice defines too small values of the deformation parameters‘ﬁ’.l:
(Table 1I) for L=2 and L=3.

In direct process formalism, the interference of Coulomb and
nuclear excitation terms in describing the inelastic cross-section to
higher multipolarity is a more drastic test to define accurate choice of
the nuclear potential paramenters.

The deformation parameters B;. defined by the inelastic result
only acts as a scale factor to adjust the absolute values of the inelastic
cross-section. In electron and light ions inelastic scattering, the
deformation of the interaction potential can be expected to be nearly
the same as the charge or mass deformation of the target ion. This is
not expected to be the case when the projectile size is large as it

& 6. C?% A
T E_-46.5MeV
6|
gof o %
Sl . ‘
®
el

1+

| = elashic

o inelashe

¢ (2% 443 MeV)

10 20 30 40 30 G
CM

e |

Fig. 5 — Cross-sections of elastic and inelastic 2% (4.43 MeV) excitation of 2C in

scattering of 12C on #7Al at EL = 46.5 MeV. The elastic cross-section is deflined

by expression (2.31) with (full curve) and without (dotted curve) the negative

branch contribution; the inelastic one is deflined by the expression (2.30) (broken
curve). Experimental results are from ref. [15].
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happens for heavy ion projectiles. The deformation obtained for the
ion-ion potential will be smaller than the one of the target nuclear
state involved. This effect has already been observed in a—a
scattering (¥ . Taking into account the first order size correction®] one
may deduce the target deformation from the potential one, using the
relation ﬁl\ R:.Eﬁ'l‘: Ry where Bl\:,ﬁI,Rn,R-y are the deformation
parameters of (I.) multipolarity and the radii of the ion-ion potential and

TABEE 1

1B 208ph E, — 72.2 MeV

ion-ion potential paramelers Deflection function paramelers
Vo Wo ro 7. o (a) PR M g
(1) 40. 0. 1.25 1.20 0.4 4.08 61.5 39.5 35.5 0.0064
(2) 50. 0. 1.20 1.20 0.6 4. 60.4 39.5 35.4 0.0052
(3) 45. 0. 1.25 1.20 0.5 4.28 61.5 39.5 35.5 0.0064

120 %AL Ep=46.5 MeV

ion-ion potential parameters Deflection function paramelers
Vo Wy 1o £ o (a) Or Iy la q
35, 0. 1.15 1.20 0.5 1.6 26.2 25 20.5  0.0045
57 = 0.30

of the target respectively. We use the relations I?uz-.ro{ﬁ;‘ll’[3 + AF)

and Ry=rr A}’ (Table II). We test two descriptions of the excitation
) ” %

processes, they correspond to the choice of i, Ry or fi Ry as nuclear

deformation parameter in the excitation potential. The potential and

target deformation parameters obtained by fit of the inelastic results are

in good agreement with values defined by other experimental results
and theoretical DWBA analysis.
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TABLE 11

57 2.61 MeV

other works

9t 4.10 MeV

other works

57 3.20 MeV

other works

47 4 31 MeV

other works

(1)
(2)
(3)

(1)
(2)
(3)

(1)
13)

1)
(3)

1.25
1.20
1.25
1.31
1.34

Ha)

.25
.20
.25
.31

34

o e e e

)

1.25
1.20
1.34

pla)

1.25
1.20
1.34

De formation parameters in 25Pb

re B
1.18% 0.07
1.18 —
1.18 0.09
1.97 0.06
1.04 0.07

ra BY
1.18%) 0.0425
1.18 i
1.18 0.06
1.27 0.03

0.042
ro By
1.18® 0.036
1.18 =
1.04 -
3
"g' L
1.18® 0.05
1.18 —
1.04 -

L

0.048

0.08
0.07
0.062

g
0.102
0.061
0.13
0.085
0.09

B
0.062
0.049
0.087
0.043
0.06

d
B

0.05
0.06
0.06
0.055

ol

0.07
0.08
0.09
0.08

BE| 4

0.49
0.18
0.75
0.35
0.40
0.58

BEI et bt

0.36
0.23
0.69
0.18
0.35
0.30

Reference

(1B, 11B") this work
id,
id.
(10, 160/) [7]
(B, 1B') (9]
(24]

Reference

(1B, 1B') this work
id.
id.
(10, 160') [7]
(UB, 1BY) (9]
(24]

Reference

(1B, UB/) this work
id.
(uB, uB) [9]
(p,p) [24]

Reference

(UB, 1B’) this work
id.
(1B, 1BY) [9]
(p,p") [24]

(a) r=rg in case (1) and (3); r= rU in case (2) with ﬂt ro (A{,’5 + .*\-11-55) = ﬂf rT AL,

(b) rg is the value difined in |25]:

(d) By deformation parameter difined by Bf Ry =8, 1y A}{gS or by BE RT = BL rg Arllfa’ .
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b — CONCLUSION

The aim of this paper has been to gain insight into the physical
understanding of the different oscillatory behaviours which are observed
in the elastic and inelastic heavy ions scattering cross-sections.

In the lit region, the observed phase rule results from the quantal
interference effect between the classical trajectories deviated by one
side of the nucleus.

In the dark region, a different oscillatory behaviour appears; it is
due to an additional interference effect resulting from the trajectories
deviated by the opposite side of the nucleus. At higher energies,
when Coulomb effects are negligeable, the scattering is dominated by
Fraunhgfer diffraction and then, the Blair phase rule applies.

The authors wish to thank Drs. J. Knoll and R. Schaeffer for
helpful discussions.
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