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_ABSTRACT ' .

It i5 shown that the elastlc scatterlng of 12C+1ZC
in- the: center—of—mass energy'range 6:< E <“31 MeV exhibits

*forward glory enhancement Semlclasslcal analysis of the

o Sy . ; do
Quantity-.ch”S'Uﬁ - J [u—%ﬁ%E— - <§f ] dﬂ indicates”that the

: beet'eandiaate for.a' 12 + 12 '-lnteractlon potentlal ig . a

.Zsmall—radlus, deep Wbods-saxon potential, in qualltatlve

'”agreement w1th the results obtalned from recent analyses of

ﬁ”done{at,higher energies;

*Suﬁported'inrpert by;the.CNqu

fsnppbrted'in.pdrt by FAPESP,

October /1983
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Recently several analyses of elastlc and inelastic

scatterlng data of light-heavy ion systems at inteérmediate

.energies have been reported1} . The main conclusion reached has
" been  the removal of some of the major amblgultles attached to

" the ion-ion optical potential usually extracted-from-data-taken

at lower energies. This is accomplished at intermediate energies
because of the incipient dominance of the farside amplitude over

21, thus leading: to ‘a greater degree ofgsensi-

the nearside one
tivity to the details of the.ionnion-interaction“at'shdrterﬁ
separation distances. _ 7

In a patallel-theoietical'deneiopmentj), 'tﬁet
observation -has been made that the extraction and'analysis'df
the forward glory contribution to the elastic scattering,;weuld,.:
alsc furnish further constraints on the interaction potential.

It has been suggested in Ref 3 that a careful study of the_

quantlty

-is the total rezction cross sectlon,gQ the elastnc

where 0
R ao
differential cross section and _,%%;E;-, the dlfferentlal Y

Rutherford croess section, can supply the above mentloned
constralnt. This comes about as a consequence of the-opticai

theorem which relates _AGR to the imaginary part of the forward

“"nuclear" scettering amplitude -viz 4
Aoy, =41 Im[feoy— £, (007 (2)
R "7% o) = Jgumt - .

where f and f are the total and Rutherford scattering

Ruth
amplitudes, respectively and k is the asymptotic wave number
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of relatiﬁeumotion;r The occurence of forward glory, a refractive

effect, leads to. @ majer: enhancement ln AGR

In thrs letter e present evidence for the-forward.

glory ennancementg n: AUR;-ror:tne scattering. of - 12C.on 12

: e 3 N I
t G.ﬁSCM__B__MeV :
-,QWe;havé;determinethhe:quantity' AGR from existing

_ln;theienerggfranglcx

experimehtaiidata cﬁ-theftotalfreaction-cross-section, Op and

publlshed values of. the sum—of dlfferences cross. section,

o ddM dde&‘ o *'ch' y
°soD- J " d9|: e ] --f.Whe?-’-e_ aw is the Mott cross section.

' The total reaction cross. section GR is cbtained fram

-the mmmedCﬂnbnlthXIOEiiE mmqﬂe&afusrmzcnrss section, o

b f and the

totalr anglemlntegrated, Cross sectlon of direct processes oy .

Recently Kolata et al 3) measured the total o yield

1264-12C fusron. The contrlbutlon to op arising

from the 3& evaporatlon, nct taken into account in prev10us

—ln the i

“fu51on measurements, was. determlned CAn anomalous- o yield,

whlch seems to ‘be: a. alrect process was 1ncluded in Op We
'used R from Kolata ' S work }, and calculated the o from
' 678)

other fusron measurements summlng to them the 3o

evaporatlon, and consrdered g "'as'composed'of the total

2
angle~1ntegrated 1nelast1c cross sectlon ’9)

and- the anomaloas
o yleld )

The quantlty GSOD. was constructed by Treu et al.10)

mny

-and more recentTy Dy uedoux et al. from the measured elastic

scatterlng angular dlstrrbutlons. ‘The quantity of interest in
this. letter, AcR , WAS then evaluated as indicated in Eq. (1},

namely AUR_- G, -0

R -SODfi

- Owinhg' to: the dispersion inherent in both 9 and
USOD ,_welpreaent'qur-'AcR._as:a band,whose width is wmuch

smaller than its: mean value.  This band of points. representing

4.

AUR , is plotted in Fig. 1 vs. the center of mass energy. One
sees clearly the beginning of the coscillatory behaviour expected
from the theoretical study of Ref. 3). 'To ascerfain the

refractive nature of Ac we show in the figure Lo, calculated

12)

Rl
in the sharp cut-off approximation

S-C.— 2T ) (3}
ac >z AL Z_(.z,t+r)mz<:i S

where g, is the £-Coulomb phase-shift and Zc is the sharp
cut-off angular momentum that sﬁecifies the value of the tctal
reaction cross section through- gp = /K2 (£c+_1)2 - |

We consider as a criterion for the refractivel.

enhancement in AUR due - to fcrward glory scattering, .the

following
A G -
R :> 1. N : o (4}
cr.S-C. . i ;
)
‘which is clearly satisfied.by the 12C1-12C-A0 data shown

R
in Fig. 1.

It has been pointed out in Ref. 3} that differentf
optical potentials that give similar reasonable fits to the
ratio to Rutherford scattering at small angles, may give gquite.
different AGR‘S. Thus through the confrontation of the
calculated AGR with the experimental one, a less ambigupus

optical potential may bhe deduced13).

on our 12 12C case. We have considered two optical potentials

We have tested this-idea

that both generate forward glory scattering namely the corresponding
classical deflection function ~8(&} passes through zero at a

finite value of £ , £ .
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The first optical potential we considered in our

analysis. is theﬁone-suéﬁested by -the: Yale grduﬁ14). - This Saxon~:

Woods poteﬁtielj‘whoée:ﬁerameters are, V-= 14-MeV , av=-Q.35fm,

o= 135 fm, We 0.440.7" E CMev) ;& =035 'fm, r, ' =1.40 fm,
reproduces reasonably well the elastlc scatterlnq angular
distributions = of . 12 +12¢ and accounts for the. structure
seen’ in ‘the exeitation functlon at 90°.° we calculated Abog
15)

using the Ford-Whealer ' stetionary—phase approxlmetien,‘which

gives

di Y

where 5g£ is the nuclear phase shift’ evaluated at the forward

AT = (ﬂ ’/)[ J] |S lmn[z(a'-g- )-E]

'glory ‘angular momentum, £ gb. 7 and SZ is the reflection
‘coefficient at £ £ We have found that the reflectlon
coefflclent {SE ]’ for the Yale potentlal very close to unlty

in the energy range of lnterest._.Fgrther, the effect of
absorptlon on - £ £" was-found‘to-ﬁe émell.too. " This convinced
us that the- use of a classlcal deflectlon functlon is more than
adequate. The nuclear phase snxft 62' ls-a-rapldly varying
- function of £ in.the forward glory region. However its value

at £§2 . SE ", is quite small as our optical model calculation

. gl
has shown us.

The result of eu:=calculation of b0, for the Yale
potential, using a claSslcally generated ' 8 'ahd Egé and
_ ignoring ESE Kl and. 6;£ , is shown in Fig. 1 as the dotted
curve. We Seg clearly that the magnitude ef AGR comes out

rlght however there is a major discrepancy in the phase. We

have also calculated - AUR for a potential tailored according

.6,

to that obtained from the analysis of the intermediate~energy:
data; a rather small-radius deep Saxon-Wood interaction. We
have taken V=250 MeV , r =0.66fn and a_=-0.63fm ®. The
result is presented in Fig, 1 as the full curve. The agreement
with the general trend of the ‘data is striking. This agreement
with the behavior of the data is made meaningful by the fact
that the elastic scattering angular distribution with this real poténtial and
With We0.4+0.3E (M), £, =0.93 fm, a_= 0.35.fm, is coming cut as reascnable
as the one obtained with the Yale Potential, as clearly seen in Fig. 2. "
The fact that Aoyt isvacting as a filtéer té the
appropriate optical- potential that'best fepreseﬁts the inter<
acting system would be understood easily by the fact that.
g% (g} probes .a certain combination of the optical . potential
parameters, whereas- Ac tests a dlfferent comblnatlon. This
situation becomes qulte clear at hlgher énergies where the
forward glory impact parameter, bg£ = £g£/k  beccmes in&ﬂemﬂeﬁ

of energy16)_

b, =R ( ZRV- (310-12 + A (2‘9“' (izej)ﬂ | (6)

and the slope of %% {8) in  the drop-off region ({the region

of the guarter-point angle) is determined basically by2f17,

£ = zka{:vr—ﬁrc‘tan—“-’-] (7)
if an equal—geometry for W(r) and V(r). is assumed. Therefore-
' . dg

a (9

AUR, supplying, thus, important constraints on the parameters

the two equations above furnish two invariants for and

of the icn-ion interaction, as our calculation clearly indicate



.7.

{see F;qsy;J-and‘Z). ,Thoughﬁnot_quite.applicable-at the low
energies,we.a:e:considering4‘Eqs._(SJ gnéi}ﬂ) do..supply two
reasonable qualltatlve constralnts..

I connection: w1th the: deep potentlal that gave the
best: acccunt of Ae R s itis;important: to.stress. that. exactly .

this type'of-pctentialvié-seeﬁ;to;gme;ge—£rbm;the-anilysis,of

_1ntermed1ate energy data._ At-thesa

“qfua_n. lear ralnbow scatterlng (s atterlng::Tynég@ﬁiye_ang;gs[

is. seen: to.occur. ;Atrthe3lowwgnepsles cq§§;de:eiuin;thisp

letter,,ourwdeep potentialrgenerat *stiong orbitinq;situation,

which. would perszsts up to. a. crxtzcal energy g;ven .approximately.

17)

'wﬂéié* vé(Ri-'1s the Coulomb:‘nteractlon at the~nuclear pohaﬂ:al :

radius R. U51ng the parameters of our potentzal, ;.-250 MeV

r,=0.66 fm, a_ = 0 63 fm Siwe ohtaln E or :_-7.2__ _Mev-;, ,-wg-l_-_]_. abqve. the;

. quite: nterestmngAto extend-the present study tof nergles hlgher

than - Ecra;_where noth.nuclear ralnbow and forwardxglory would

bothg? aﬁffiéné—* fAuR: reveals a less amblguous interaction

potential., The ZC 12C potentlal we obtalned from our

(8}

.8.

analysis is guite deep and resembles closely the interacticon

potential deduced from analysis done on the elastic scattering:

1201'12 15n?evl

of. ¢ at intermediate energies (E ~

19}

and-that: -

calculated from the double folding model
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FIGURE-CAPTIONS:

FIG. 1 - The quantlty AGR for.: the-_izcneﬂzC" system;,ealcdhﬂgﬁ1

7:w1th the Yale potentlal v = Tdvnev . fV'= 1.35 €m ,

abl .O€35‘f@- (dotted curve), the small radlus,- deep

nteraction, V' '50 MeV B, = 0.66 Fmiyay = 0.63 fm.

"and the shar ﬁcut—off 11m1t, Eq..(é)

{dasheé curve)”: The data p01nts were extracted from

_Reﬁsiu5) (open trlanglesl ;6) (open circles), 7} (full_

Eiee) and 8) (full iangles),"u51ng G from

son' _

i ‘:sllghtly smaller than “the
u_experlmental value.} The,values of- IS _I_xnghqhhegeses

" ‘come. out close to unlty.: R
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