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ABSTRACT

Heavy-ion elastic scattering is discussed as containing
two features; over all optical behavior characterized by
zeveral physical parameters such as the size of the system, the
s.rength of the Coulomb interaction, etc., and deviations from
t1is behaviour related directly to some aspects of the under-
.ying nuclear structure. Two examples of such deviations are
discussed in detail. The first is the anomalous back-angle
scattering of na-nuclei. The second example is connected with

the effect of deformation.
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I. INTRODUCTION

In discussing heavy-ion elastic scattering one usually
emphasizes at length the wave optical behaviour. Such behaviour
comes about as a result of several gross properties of the
system. Its relatively large size, the strong absorption present
(diffraction}, strong Coulomb repulsion and nuclear attraction

(refraction, rainbow and glory) and a well-defined surface

do
dQ
These features, quite common in most hLeavy-ion systems, constitute

region (determining the fall-off of in the shadow region).
a convenient and useful "language" with which the elastic
scattering may be described and analyzed.

Nuclei clearly exhibit other features besides the
gross ones mentioned above. These other properties are more
closely related to specific nuclear structure aspects, e.q.,
deformation. Thereiore one would expect several important
deviations from the optical behavior. Here, we shall discuss
in detail two such deviations.

The paper is divided into twn sections. The first,
section II deals with the anomalous large-angle scattering of
na-nuclei. We shall concentrate on direct reaction interpretation
of the anomalous behaviour and leave out completely intermediate
structure resonance explanation. In section III we: turn to the
' effect of nuclear deformation on é; at not too large energies.
A convenient vehicle through which one may discuss the effect

of the coupling to low-lying collective states is long-range

absorption, which we shall discuss in detatl.
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II. ANOMALOUS BACK-ANGLE SCATTERING

A well-known case usually cited as exhibiting
deviations from pure optical behaviour is that referring to

systems behaving anomalously at back angles (a-scattering,

160+2851 , etc.). What one usually discovers in these systems

&)

o
Ruth
by a rather regular angular structure. Further, the excitation

is a large increase in

{8) at back angles accompanied

function 5 (r,E) at 6=1 exhibits quite a conspicuous
Ruth

intermediate structure with an average width of about 1 MeV,

To put the situation into perspective we show in Fig. 1 a plot

Fig. 1: Cross-sections at 9 = 180° vs., E

CIMI.
Dashed line is the pure Coulomb elastic o
scattering cross-section for 160+ 2851.

Dotted line is the cross-section obtained
with the E-18 potential. Full curve is

B
¢

the experimental 180°-excitation function Eﬁ
(]

for 160-.-2851 , and dashed-dotted one
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2
of the experimental excitation function —<= (E,m) for

dr
160-+2851 and 1604-3051. One sees clearly that the data sit
at a mid-point between a pure Rutherford-(no nuclear structure
whatsover) and a pure strong absorption, E-18 (muclear structure
manifested purely optically).

Several interpretations have been advanced in the
quest for a consistent description of the data. For a detailed
discussion we refer the reader to the recent review by Braun-
Munzinger and BarretteZ). These interpretations range from
a pure resonance, intermediate structure, picture affecting
both the angular distributions and the excitation functions, to
a pure-direct picture involving basically coupled channels
feed-back-type effects. Neither of these extreme victures
seems to account for all facets of the data. Although recent
measurements of angular distributions of a-transfer reactions,
as well as inelastic scattering, of systems such as 1604-2881
indicate that a pure, isolated resonance generated, intermediate
structure interpretation of the gross structure of the anomalous
back angle elastic scattering is not viable, owing to the lack
of clear channels correlations, some type of resonancebased
phenomenon is, however, certainly taking place and generating,
at least the fine structure seen in most excitation functions.

Simple “"direct"™ models have also been proposed for
the purpose of explaining the gross features of the cross
section at back angles. These range from simple changes in the
*normal" optical potentials to simple changes in the "normal"”

elastic S-matrix. The necessity for invoking these changes in

the normal "E-18" type description arose from two important

observations; (a) the quite conspicuous rise in 9 __ (180°)

o
Ruth
to a yalue, at Ecm = 35 MeV, almost four orders of magnitude
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bigger than the corresponding "E-18" value, and (b) the period
of the angle oscillations, A6 , supplies a value of the contributing
n .
angular momentum £.(E) through 46 = , Wwhich is twice
8 ze(Ei
as large as the angular momentum, lE(E) that determines the
period, AE , of the energy oscillation in the 180°-excitation

3t (E)
function, AE 3 1/ ——— .

JE

The first anomaly has been accounted for through the
use of the so-called surface transparent potentials. These
optical potentials are characterized by an imaginary part with
very small dilffusiveness which results in an increased
reflection. However, these potentials, though quite adequate
in describiag the angular distributions, fail dramatically in
describing the second anomaly associated with the excitation
function. This clearly points to the need for a second
important modification of the normal optical E-18 potential,
namely the addition of a small, albeit important parity-dependent
component (proportional to (-)i) , which would not modify the
angular distribution since it contributes mostly at back-angles.
The 180° excitation function would then behave approximately

2 (!B )
- sin (-—7—- ")’ thus giving rise to a local period AE =

2
=-51E725—, permitting the identification QO(E) = gE(E), Ref.

3E
3, exhibits the type of fit to the E-oscililations obtained by

the Minnesota group with the above-mentioned two modifications
in the optical potential describing 160-r2881. A fit of a
similar quality to the E-oscillations in the 180° excitation
function was obtained in Ref. 4 using, as a starting point,
the S-matrix description (Fig. 2). The elastic S-matrix used
contains a normal optical E-18 type contribution, a parity-

independent "window-like" contribution that peaks at an £

’
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Fig. 2: Fit to the 180°- oo

excitation function of

60, %8gi obtained in oo

Ref. 4 . 8

slightly lower than the grazing one, and a small parity-dependent
"window”. The elastic S-element without the parity-dependent
window was found to resemble very much the one generated from
the surface transparent optical potential. The findings of
Ref. 4 clearly support the conclusions reached by the Minnesota
group concerning the need for a surface-transparent, parity-
dependent optical potential.

A possible mechanism that gives rise to the anomalous
behaviour of the heavy-ion system could be the coupling of the
elastic channel to several important a-transfer channels. 1In
the case of 160_'2851 , we may associate the parity independent
window to the process depicted in Pig. (3). Similarly the
parity dependent window can be attached to the diagram shown in

FPig. (3c). This diagram does give rise to a (-)l term since
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it represents an effective elastic transfer process.
We endeavour here to present a short account of how

and E windows.

these diagrams generate {
The T-matrix representing the scattering in the

elastic and a-transfer channels subspace may be given by
(1)

o ~@ o+
T =T +35,7 L
where ? is diagonal and represents the "optical" E-18-type
contribution, no is the corresponding Miller distorting
operator
&) o

D= 1+ T

0

(2)



and T' 1is given by

7 = vrrgT | )

and thus contributes to the transition. (V is assumed to be
non-diagonal in channel space).

The elastic element ¢f T may k2 generated perturbative

+ 2V étm VG‘"(H\/.(Z:"" (4)

The second term corresponds to the diagram shown in Fig.(3a,b).
In order to exhibit the general characteristics of
the contributing processes, we shall present a simple evaluation

of these corrections based on the following upproximations(s’

o o
1) Consider only the on-shell part of 8t) Gt-+-in6u%—ﬁt)
2) Use no-recoil.

The partial wave amplitude corresponding to a process

of order n 1is then given by (ignoring angular momentum

transfer)
2n+! 1
(4“10’ ;er. /RC,(fs-)’r ) "77 -~
2=n+/ £ 3[7;_ tl

_f:ﬁ
l;(k‘ K) :/( [,4’,] .
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where I, in the usual DWBA radial integral, Kn is given by
a corresponding integral involving the dual radial wave
function cj the Q-value and Aj are spectroscopic factors.
The K,s appearing in Kz are bound state wave numbers. As
shown in Ref. 5 the product Kzlz has a clear window shape
whose details are determined by, among other things, the
Sonmerfeld parameter, and the K,s.

The elastic transfer diagram shown in Fig. (3c) can
be evaluated along similar lines. Actually the fit obtained
in Ref. (4) was partly tailored according to the description
given above. The higher the order of the process,the narrower
the resulting f-window would be, as expected in any coherent
multistep process.

The product KI also exhibits an energy-window
shapes). To exhibit this characteristic of our anomalous
transfer contribution to the elastic scattering T matrix, we
use a semiclassical description of the transfer process,
originally developed for the DWBA amplitude by Brink(7) and

Broglia and Winthera) , and recently generalized to multistep

9)

transfer processes by Kammuri and Matsuoka“”’ . The transition

amplitude for a two-step sequential transfer via an intermediate

state m is given by

o0 +
() -2 () /N
C:‘{ =((#) f/;//t)a’f £n{t)c/f (6)
-0

- 00

g 9)

where is the one-step form factor given by KM ™',
Specifying the intermediate state to be 12C+325

and considering elastic scattering f =i , we obtain for
160* 2851 6)
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Q@)
Ci:' = IMM—}Q R F’;)e £ &€ 7 (1)
2T Jx AE
where
X = -S4 , F(x) is Dawson's integral

; & ’ N1.N2 are nommalization consts.
X = (A My Euc , BEZE-E =E-17.8
#:.
In the above treatment absorption is not taken into
account since it is implicitly assumed that one is considering
only the grazing 2. We modify the abuove expression by

considering the following estimate for the absorption

= e.x,,[—% Wg,,(f) a/] (8)

when, as implied, w]:‘.18 is the imaginary part of the E-18
optical potential which is used rather widely to describe the
elastic scattering of 160+ 2881 at small angles. The energy
window associated with the round-trip a-transfer contribution
to the elastic scattering is identified as the product A Cg,,
which can be written as

-2
2)
A an sLxF[- 035 AE — l-44 (AE) J (9)

Figure (4) shows the result of applying Eq. (%) to

the 160 + 28

Si system, both for the parity-independent component
of the anomalous E-window, Eq. (9) and the parity-dependent

window Ac‘fi) gwith cii) calculated following the same procedure
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6)
as the one used for evaluating C{?l’ . Eg. (7} . In both cases

*Si+"0,ELSC
EXCIT. FUNCT,
006} 0, 180P+ 5° -

L
50 S}

a5
E,, (MeV)

i |
35 40
Fig. 4 - Energy windows calculated using Eq. (9). (FProm Ref. 6).

the same anomalous radius parameter, R=7.6 fm (used
previously in Ref. (4)) was employed.

As one can see the agreement of E., with the

2

average trend of the excitation function data is quite good.
The fine structure oscillations,according to our model, result
from the interference between ACS) and Ac;j) (see Figs.

(3a) and (3¢)).

We should stress that there is no a priori reason

that suggests the same value of fo for both AC{‘Z” and
ch(‘z) . Ag a matter of fact it would seem more natural to

take a smaller value for R in ACS) than that in Acif)

since the elastic transfer of three a,s 1is a higher order

process than the round-trip process of one a . Furthermore
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the data points themselves show that thre is a second major
peaking at about Ecm= 45 MeV.
In Figure 5 we show our result using §(2)= 7.36 fm

and i(3) 8508 fm.

Q1° ""I'I"'T""_!_l—'rﬁ'_f'—"’-r—r'l'_f".

(=4
i

o
R

G/ Gy 1180°)

o o
8 8
'YTII?IYT"V"'I

|

Fig. 5 - Same as Fig. 6, with two values of the anomalous radius.

(3)
ii

higher energies, as that would require the use of an anomalous

We could not push the peaking of the AC to
radius at which WE-TS becomes quite large and a more exact
treatment of A would be needed.

The sensitivity of our calculated window functions
to the distance of closest approach of the corresponding
transfer processes, is a possible indication that the anomalous
back-angle data may furnish invaluable information concerning
the ion-ion interaction at small separation distances. This

fact is intimately related to the clear interplay between the
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quasi-elastic, a-transfer processes, and the elastic scattering.
An important consequence of our findings is connected
with the question of de-averaging the 180° ¢ 5% - excitation
function data addressed by Frahn and Kauffmann1°). These
authors correctly pointed out that as a result of the quite
common procedure of averaging the data points in an angular
interval -5°548s5° around 6= 1800, one would necessarily
end up with smaller over-all excitation function than the
180°-0ne. Clearly when confronted with dynamical models that
supply a 180%-excitation fun .tion, the data has to be de-averaged.
We would like to point out at this point that this

de-averaging procedure is model-dependent. It depends crucially

on the value of critical radius attached to the mechanisnm
responsible for the znergy-structure in the excitation function.
Therefore, in the light of our multi-step a-transfer model, the
results of Ref. (10) have to be revised.

To show this, we first consider the results obtained
by Frahn and Kauffmannm) . The measured excitation function is
an average of the differential cross section 0(6) over a
solid angle element AQ = 27sin 6 A8 with an interval 46 =
= (m-a,n) , divided by the Rutherford cross section at 6 =1;

this function will be denoted by 7 (E)

' B
J&/u'nﬁf (d, €) (10)

Ty i [ S0 4
f&)= AQA T E)  I—Cotut

2 Ko
It is clear that p can be evaluated if the angular
dependence of p(8,E) = o(B,E)/oR(n,E) is known in A8. 1t
is known, however, that the enhanced large-angle scattering

cross section has a universal structure given by
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Pese)=Gae T (7]’

(11)

L (x€)= PE) = Gro,E)

where 6(9, E) 1is a slowly varying function of =m-8 compared
to the Bessel function JO(XB) . The value X = 1 +Jf >> 1
denotes the anomalous angular momentum of the enhancement-
causing part of the partial-wave S-matrix. It is related to

the radius parameter through

ki (1——2_%—)'/2 (12)

where E is the "threshold” of the anomaly, E=17.8 MeV 6,

The de~averaging function D(a,E) defined by

Deney oLl ju=) i_wx[;,’ 96(8,5) P-W,)]] .

can be evaluated in good approximation as

2 : -1
D(x,E) = [J; (,’f’,‘)] +[‘Z(;f‘d)]] (14)

The function D{(«,E) is quite sensitive to the
values of f and accordingly R. To show this we exhibit in
Fig. (6) the above function calculated with the two values of

the anomalous radius referred to above g2, 7.36 fm and
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a3 .5.8 fn.

Fig. 6 - The de-
averaging func-
tion D(a,E)
calculated with
R=7.36 fm
(full line) and
R=5.8 fm
(dashed line).

By multiplying the data points of Ref. 2) , in the
energy range 20 MeV < Ecm< 30 MevV with D(B,So) calculated
with i.' =7.36 fm and the points in the energy range
30 <E_, <50 MeV by D(E,5°) with R,=5.8 fm (see Fig. 2),
we obtain a de-averaged 180°-excitation function that is more
. regular, with the second peaking at Ecm' 45 MeV attaining
a value very close to the first major peaking at Ecm’ 23 Mev.
This is in contrast to the finding of Ref. 10} where there was
a great disparity in favor of the second peaking.

It would be quite interesting to test the sensitivity
of the de-averaging function to the anomalous radius experimentally
by measuring averaged data for two different values of the

averaging angle interval.
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II. STATIC AND DYNAMIC DEFORMATION EFFECTS: LONG RANGE ABSORPTION

Another important case showing, a clear deviation from
the optical behaviour involves the scattering of deformed
targets and/or projectiles at energies close to the Coulomb
barrier. As a result of the strong Coulomb excitation of
collective states, one expects a gradual depopulation of the
elastic channel, even at sub-barrier energies. A nice example

showing this effect is presented in Fig. 7 involving the system

ST TR I S T S S Y U S
¢ / ]:F !

! E_' ; 3. 1 ‘t!.
i ¢ ; / I ] A
i | —— e

.
.

0 } 1 I L
0 20 60 100 140 180
o 16 A
Fig. 7 - Spectra and 3 for the system O + 'sm, (From
R

Ref. 11),
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20y ,Bom , A=148, 150 and 152", The strength of the

coupling of the elastic 0" channel to the 2% state increases

148 152

gradually from vibrational ( Sm) to rotational ( Sm), as

20

is clearly seen ir the Ne-spectrum (Fig. (7.a)). Consequently

the depopulation (absorption) in the 20Ne+152

stronger than either the 2oNeo-1sosm and 20Ne+148
1524y
1485m)

Sm is much

Sm . The
o (Ne +

0 (Ne +
of -0.2 at back angles,

cross-section ratio reaches its smallest valu=«

The trend of the data clearly points to the presence
of long-range absorption to be contrasted with the nuclear
short-range absorption responsible for the diffractive behaviour
discussed earlier. Actually the short range nuclear absorption,

2OlNle + ASm systen

at the sub-barrier energies involved in the
under discussion, would give rise to a minor deviation from the
Rutherford scattering, concentrated at angles very close to
180°.

The long-range nature of the absorption referred to
above cannot certainly be accounted for by a change in the
optical potential, and one has to resort to coupled channels
calculations. A more drastic departure from the optical
behaviour, arising from the same coupled channels effect is
shown in Fig. (8)12). The cm energy at which the data were

taken is slightly above the Coulomb barrier of 180+184w ’

and then one would expect a conspicuous "Fresnel” form of
g

o
Ruth
long-range absorption is quite strong even in this higher-

in the forward hemisphere. As one can clearly see the

energy case, resulting in a drastic modification of the "Fresnel”

12 184
+*

shape. Similar features are seen in the Cc W system

at E s 70 MeV,

Lab
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Fig. 8 - = for 185,184y at '
OR ]

90 Mev. (From Ref. 12). Also shown ]
in < for '%.2%p, (90 Mev) I 3
9 wor 3

< -

ana '%c+ %% (70 Mev). £t :
t [ ]

4

(1] o

iod 4 114l

L

500 550 §00 €%
CHANNEL NUMBER

Al 'y 1 ) Lok [ n L

20 40 60 a0 100 !
: & (829)

A way of simplifying the analysis of data such as the
one above is through the construction of a component in the
optical potential that represents the feed-back of the inelastic
2* channel into the elastic channel. This may easily be done
through Feshbach's theory of the optical potential, which gives,
in the particular case of two channels, the following form of the

polarization potential

)
- 2/ - a -
VPDl( »r) = \{‘(F") C':’(r' y’) v.’.p( r’) (15)

where voz(;) is the coupling potential and Gé”(f,?') is
the 2*-channel Coulomb-modified Green's function.
When expanded in partial waves, the radial part of

Vpol , would necessarily be angular momentum dependent and non-
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local. However a locally-equivalent potential may be obtained

approximately through the identification

———’ ’ ’ _ (16)
fVFQ(Y\p * ) t(k" ) Jr = VPG'" ( Y)‘-b‘k)’)

where ¢1(k;r) represents the radial wave function in the
elastic channel. At sub-barrier eneiygies, Wz(k,r) may be
approximated by the regular Coulomb wave function Fz(k,r).
which makes possible the construction of Vpol(r) . The xesulting

expression for V 13), ignoring the

pol(r) may be written as

energy loss involved in the excitation process,

—1 .?

pol: RETAC IS E’C‘ L.t (i+) (IN)"' &71) r
= "‘l v,°‘(l’)

As a result of the assumption that the energy loss is

zero VpOl

situation is reversed in the case of large energy losses, as

(r) comes out to be purely negative imaginary. The

Vpol(r) becomes predominantly real. The reason is that in the
former case the vibrational period is much larger than the
collision time (sudden limit), therefore the system simply does
not have enough time to react during the collision process and
accordingly no modification are inflicted on the real inter-
action. 1In the large-energy-loss case (virtual excitation of
giant resonances), the system manages to execute several
vibrations during the collision process, thus resulting in a
change in the effective real ion-ion interaction without
inflicting much change in the absorptive component. For a

detailed digcussion on this point see Ref. (14).

The above long-ranged potential is a rather smooth

!
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function of both 2 and r . This featurc permits the inclusion
g

]
Ruth
in a simple manner. At energies below the Coulomb barrier the

in of the effect arising from the polarization potential
elastic scattering amplitude is dominated by the near-side
Coulomb part. Accordingly only one turning point will contribute.
Since owing to the fac:t that effect of long range absorption
due to Coul:z-mb excitation is mostly felt at not too high
energies, one expects that the nearside amplitude dominates.
Further, considering the polarization potential as a small
perturbation, we may evaluate the resulting correction to the

total phase shift using the WKB approximation

C
5 =£}_ -}1:‘ V;"l — (18)
(rv)
p |
rt(v

o
where § is the "spherical" complex phase shift and kz(r)

£
and rttl) is the corresponding local wave number and turning
point, respectively. Since Vpol(r) is of a long range and
acts in the interval rt(£)< r<«, we may replace kl(r) and
rt(l) by their Coulomb forms.
The stationary phase evaluation of the nearside

amplitude fN(e) then yields

Y2
expai§ap-id.0) -

4 l A
(9 — /
O = Zi o

M . lI“'VpOL("
.ax,)—-‘-x—; T \ JVJ (19)

vy A
At sub-barrier energies, & (Ai) may be considered

predominantly Coulomb with a small correction arising from
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Oxy = @M(\) ——g-—.).:[/bjr Re V crn{ci:]
(20)

-1 b
where 43 = ‘l‘a.. —_—

our one-stationary-phase-point approximation for %% ’

then reads

Ad- l-.[-"' V')oj(') | d
s /1«.9 lur[ S l(;", r) (21)

r!
[ 4

which, upon evaluating Lt and g% to first order in A6 ,

can be cast into the fcllowing

a _ 1 D .3 5 _d J
— (9) —[J.+ZA‘°JY&-Z —1—763&1? Z@Ae

O-Ilu‘ﬂ.

g 1
er[_ 2/(1 lIMonocl-(” l JrJ (22)
*h ]Scn

7c

The above formula was found to be quite adequate in

describing sub-barrier elastic scattering of heavy ions. For

strongly deformed nuclei the inclusion of the low lying 2*
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scate in evaluating V results in a almost purely absorptive
polarization potential. The correction A6 due to the real
component is quite negligible. Using V' of Eq. (17), then

results in

o _ _ 1§ 42
aa(a) = .exr[ “ 1 g(a)] )
Bt )9t (
?,":IE:[ ;zza}')_'_Bg:.g F,.)] , o

yon- 2 (36 b et o) |

The angular function g(8) attains its maximum value of unity

at 8=7, and it vanishes at 6=0. The solid lines in Figqg.

(7a) are simply the of Egq. (23) calculated after

ORuth

approximately accounting for the small energy-loss encountered
in 20Ne+ASm, through the quantities gT(ET) and gp(Ep)
with £ = 3 n & (see Refs. 13 and 14).

In the other extreme of scattering of spherical nuclei
where Coulomb excitation of low-lying states is negligible, the
virtual excitation of giant resonances come into play. Here
the adiabatic limit gives a purely real f~independent polarization
potential which has the following form for the giant quadrupole

case

(2)
V (r) = — “'W 9- ¢" BT(n)f 2' e! 5 (e2)} 6
apet Y * m
T

Vom/y‘ . (24)
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where AE is the excitation enerqgy of GQR (AE(Z)

60

- MeV)
A173

and B(E2) is the corresponding reduced excitation probability.

When used in Egs. (6) and (8), we obtain the following

15)
expression for oi

R
) é

V, o3 & 3 9
TRy IO P

.g:- =1 -
(0 ¢

. {—3/{7‘; +0—20é4&..z4‘> — /20 t/ﬁv"dg .

(AL TN

y 3ISCnPrnd—2l0conpan’p 10
. ° o

-l-%_[ﬂock&c}:— 4ge P Al con &

- b anl$ +gpeaty S g J,;,.‘.t]

Though quite small, the deviation from unity of

o
“Ruth
small effects, has been observed recently by Lynch et al.

due to the virtual GQR excitation together with other
16)

Although we have presented our expression for oL '
R

Eg. (23), that correspond to the case of one real stationary
phase point, adequate at sub-barrier energies, the generalization
to above barrier energies is quite simple. This comes about
as a result of the rather slow f-dependence of V

pol
even in cases involving two stationary phase points, i.e.

{r), which

Coulomb rainbow scattering or Fresnel diffraction, can be
factored out as a common factor to both contributions. This is
particularly valid near the rainbow angle (or critical Fresnel

angle). Therefore we may write in general
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ds A 9y = ~ S~ (s) _@KP[ %9("“9))] (26)
e Rb 4,

where 1 corresponds to the average value of the two stationary

phase angular momenta. To show the adequacy of the above

description we show in figure (9) the calculation of g

16, 184 Ruth
for 0+ W at BL=90 MeV done both though optical model

calculation that included vpol and the result obtained from

Eq. (26) with {

p ] calculated with an optical potential
Ruth‘o

that does not contain V 1° The agreement is very good.

14 T T T T T T 717 T 1
18() 4184
1.2 g(; Me\\lv //\\ -
l \
1.0~ rH-H:{- j—"\/ N \ ~
SA T \\
i % y -
~
2 06} ‘\‘i i‘\ \\ -
3& \
0ar \ _
t " \
o2k '*. \\ -
| NN
o J I I i | [ [ T
o 10 20 30 40 S0 60 70 80 90 100 110
8, m_(deq)

Fig. 9 - Dashed curve is gt} (Eq. 26) obtained with the
optical potential, V=40 MeV ,°W= 9.06 MeV , r,= 1.313 fm and
a=0.457 fm. Full curve is obtained when vpol is added to
the potential above. [From W.Love et al., Phys. Rev. Lett. 39

(1977) 6. The dashed-dotted curve is the result obtained from BEq. (26).
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