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Abstract. The collncctioll bctwceu the real aul! imagill<uy parts of
tll{' IIUcJeoll optical potclltial is explored usillg the dispersion relations.
'rhe potenlials are obtailled frolll phellomeuological detenninations al
hoth lu'gative and positive cllergies. Particular atteiltioll is paid to
the radial variatioll of the potelltial aud its dependcllce on energy.
Twirc subtracted dispersion relations are used lo ohtaill the energy
varialion of the imaginar)' \\Iell dcplh H'(E), using <l.s illput the energ)'
varialiotl of the anomal)' of the real well depth VA(E) obtailled fl'OlII
pltcllomcllological data. Tite salllC dispcrsion relatiolls are IIscd to derive
a simple expression for It'(E) as a function of the energy from au
expressioll for the correction to the nuc!eoll's cffl'ctive mass proposcd
by e.E. Brown [1]. Tite cllcrgy variatioH of the anolllaly of the real
wcll depth is computed, using as input in the dispersioll relations the
pheuomenologicall)' determinpd cllergy variatiOIl of lhe imaginar)' well
deplh W( EJ.

PACS: 24.10.HI; 21.10.Dr

1. Introduction

Some theoretical and empirical dcvelopments 11-5] have made possiblc an undcr-
standing oí sorne important effccts oC the nuc!eon-nucleus inleraction rclated lo lhe
cncrgy dependen ce of the effective mass of lhe nucleon in the ncighbourhood of lhe
Fcrmi cnergy.

Since 1963 [6), it is known that lhe phcnolIlcllologically oelermincd optical po-
tcntial [01' Iluclcolls as a function of lile cncrgy shO\\'s an i\lIomalotls bchaviour in
thc ,"ccinit)' oC lhe Fcrmi cllergy [4,6-9].

Theoretical sLudics made by Berlsch and Kuo [10] show that this clrcel is duc lo
lIJe dynamical cllcrgy ucpcndence appcaring in lhe second ami highcl' arder leems
of a pcrturbation cxpansion of lhe aptical potentia1. In particular, in second order
of pt.-'rturbatiou l!leory the so-colled "polarization" and "correlation" terms show
fin important enel'gy variation in the neighbourhood of the Fermi cnergy [2]. The
coupling of the single particle modes to the low lying particle-hole configurations of
tile nuclear eore produces a dynamical dependen ce of the nuclear mean field on the
IlUcleOIl energy. In tlle neighbourhood of the Fermi energy, this energy dependenee
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sccms to cancel ou t partially the energy dependence of the real part of the optical
potcntial comíng from the non.locality of the first order Ilartree-Fock termo Detailed
cakulations which inelude collectivity effects [11-14j confirm the effect predicted by
Ilerlsch and Kuo [la].

On the other hand, studies made from the point of view of tbe dyua.mical thcory
of the collective excitations show that the change of thc uucleon's cffective mass in
the neighbourhood of the Fermi encrgy EF makes an important contribution to tlle
slrenglh of lhe gianl resonance (3,15,161.

In a previous paper Bauer el al. [4] had studied the energy dependence of tile
rcal part of the nucleon optical potential and showll that it can be well described
by a quadratic dependence over the whole energy range, with deviations around
the FermÍ energy that can be attributed to an enhancement of the effective mass as
llIay be seen in Figs. 1 and 2. The overall energy dependence is associated to t1le
lIon-Iocality of the poten ti al and the behaviour around the Ferrni energy with the
higher absorption at these encrgics.

In the present work, I c:onsider the energy dependen ce of thc imaginar)' part of
the potential making use of the dispcrsion relatíons that conncct it to the real part.
This is done in two waYSj firstly using the energy variatioll already found for the
real part [4], and secondly using phenomenological dcterminatiolls of the imaginar)'
part. Several phenomenological calculations of this type have already been made for
finitc nuclei and infinite nuclear matter [2,5], and it has been shown that the results
are consistenl with the phenomenological dala for finite nuclei. Ilowever, the thcory
shows that the anomaly around the Fermi energy is more pronoullced at IQwer
densities and is thus enhanced in tite nuclear surfacc. The real potential lherefore
has both volume and surfact~ components, although ncarly all phenomenological
anAlysis use the volumc form alonc. 'fhe phenomenological analysis uses eithcr the
volumc 01' the surface form for the imaginary part, 01' somctimes a combination of
both forms, and it is found lhat their relativc conlributions are nol well determincd.
It is thercfore necessary to pay can'ful attenlion to the radial variation of both lhe
real and the imaginary potentia!s whclI examining the way lhcy are connected by
the dispersion relations.

In lhe next sectioIl, thc dispersion relalions are prcscnted in the form Illost
suilable for lhe prescnl purpose. In Sccc. 3, the reIation belwcell lhe efTeclive Illa.$:-;

and lhe optical potentiai is discussed in Secc. 4 the reslllls of ~evcl'al analysis of
tlle real parl of the polcnlial are lIsl,d 1.0 obtaill the illl<lgill,try part., and itl S('n. rl.

several phenomenological delerlllinat.iolls of t1le illlélgin(ll'YPil!'\. are llsl'd to oht.aill
the anornaly of the real part arolllul tlw FCl'Illiellcrgy. '1'111' reslllt..sare disclIssccI in
Secc. 6.

2. Dispersion relations

It is well known that tlJe oplical pOll'ntial is both lIonlocal ami expli<.:itly cncrgy
dependent (17,IS]. The analylical properti('s of tile tlworcticalty dcriw,¡J optical
potcntials come frolll lhc causa lity conditioll imposcd 011 tl1l' C]'('('J] \; fllnet ion of t Ilf'
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mallY boJ)' systcm [1ti]. The)' allo\Vthe derivation of di~l){'rsion relations connccting
the real part of thc optical potential ,••.ith the imaginary part of the optical potentia.l
by means of the Ci\uchy Thcorem

, 1 1V(", ,J; E') ,
V(,.,,.; E) = ,,--c (E' E) dE.

_7.1 e - ~ (1 )

The potential is analytic on the real axis, so the con tour may be takcn from -00

to +00 along that axis.
Since the pot(:ntial is complex, lIolllely

V(,.,,.'; E) = V(,., ,.'; 1':)+ i\l'(,., ,.'; E). (2)

Eq. (1) can be s('paraled ¡nlo lwo dispersioll rclalions connecting the real and imag-
inary parls of lhe optical pOlential, j.t.

and

v (,. ,,"E) = ~1'1+0011'(,.,,.'; E') dE'
A , , (1" E) ,

1r -')O '-' - '-'

11'( ,.'. E) = _~I' 1+00

VA(,., ,.'; E') d""
,., " rr -00 (E' - E) ".

(3)

(4)

In lhese equatiolls, P is l1lc principal Viducand VA is tile anomalous polcnlial defined
bclo\V in Eq. (i). Altilough some authors llave wrilten the dispersioll rclations for
integration ove•. lhe cnergy in tiJ(' rollgc O < E < 00, a proper antisymmelrizatioIl
of the ''''ave functioll of tiJe many-body syst('1ll requires that tiJe int('grali~n be made
from -00 lo oo. A carcful c1isctlssion of this importont point may be found in the
papers by ~lahallx aud Ngo [21.

In order to guarontee the rapid conn'rgcnce of tile integrals and to avoid normal-
ization prohlems, it is convenient lo lIloke a subtraction. In this way the dispersion
rclations are writtell as

and

V,(,. ,J. E) _ V,(,. ,l. EF) = (E - EF) (" rE, 11'(,.,,.'; E') dE'
, " '" rr J -00 (E' - E)( E' - E¡;)

+1' r+oo 11'(,.,,.'; E') dE')
JE~ (E' - E)(E' - En

11'(,., ,l; E) _ IV(,', ,.'; Ef") = __(E_, _-_E_'F_) (" lEF vA(,.,,l; E') dE'
rr -00 (E' - E)(E' - E¡;)

(5 )
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/,

+00 V (1' 1'" F') )+ l' A , ,~ dEl
f•.t- (E' - E)(E' - Ej)

(6)

In the case of finitc nuclei therc is a gap in tlle integration rauge fwm /',:¡ lo
Et [20,2], In this work. the value of the Fermi 'clH'rgy llsed lo fix tlw gap is the
average value El" = HEF - Ej.).

The real optical potential V(r, 1"; /~') can be written a..san encrgy indepell<ient
nonlocal potcntial VII F(r, 1") that lIlay hc idcntified witlt tlle local equivillent of
the Harlree-Fock potcntial VII 1'(1', E) plus a potcntial \':1(1',1'1; E) explicitly cnergy
dependent that represents the anomalous Lehaviour of thc potcntial arounJ tlle
Fermi surface

or

V(r, 1"; 8) = VII ,.(1', 1") + VA(r, 1"; El

V(r,r'; E) - Vlldr,r') = I'A(r".'; l':).

(7)

(8 )

A local potential VL equivalent to liJe nonlocal F;¡(7'. r'; E) is obtained following
the papers of Bouyssy el al. [1-1]ni ,,1 I'rrey ami S"ou [21]. Wheu VL « lI'L, the
real local potcntial equivalcnt lo V¡\(r', 1.1; 1-.') is giV<'I1by

~-'A(/I.(E - Vd) = J exp(ikL' 5W,,(li,5)d5,

and the imaginary local equivalent potcntial is

lV(R, (E - VLl) = J exp(ikL' 5)IV(R,5)d5,

(9a)

(9b)

where R = (1' + rl)f2, S = (1' - 1") and kL ls the local wave number defined as

.., 2m
ki = -, (E - Vd.

h
( 10)

In this work, I suppose that the effect due to tile lIon-locality of H'( /l. S; E)
and VA(R, S; E) [22,23,14J produces a smooth energy variation in Ü'(H. (/~' - Fd)
and VA(R, (E - Vd) which will change only slightly the depth of the potelltial wcll
and that the dominant energy dependence in 1V(/I,5; E) and 11,(/1.5; E) i, dlle to
the dynamical dependence on the energy. Thereforc,'1 approximate

W(R, 5; E) '" 6(5)W(r; E),

VA(R, 5; 1,) '" 6(5)VA(r; E).

(lla)

(1Ib)
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and identify the local optical potcntial as

where the real part is

1'(1'.1,') = 1'11d 1'. l';) + ¡',¡(". E).

and VHF(r,E) is the local equivaknt of lhe lIartree-Fock pOÍt'nlial \'JlF(r,I").
The dispersion reJ<-ttions. Eqs. Uí) and (G), becolllc

V. (1' E) _ V. (1' E ) = (E - I'F) (1' jE¡ IV(,', E') .lIé'
.\, ,', F (r." _ <')(/," 1,'-)ro -00 D l~ ¿ - ¿F

j+OO 11'(1'.1,") )'+1' . ' dItE¡' (E' - I,)(E' - En

and

(E - EF) (jf;¡ 1',(1' E')1V(1', E) - 1V(1'. EF) = ---'-- l' ' . , dE'
c. -00 (E'-E)(/o"-E¡)

j+OO V (. E') )+p A 7, .• dE'.
E¡' (E'-E)(E'-En

(1 ~)

( I:l)

( 11)

( 15)

Since both FA(r, E) and 1\'(1', E) faH to zcro al large cncrgies faster lIJan E-l lhcs('
integrals are convergent.

For charged particles the e1cctrostalic Coulomb pOlcntial lTlust be added to
V(r. 1": E) but as it is real and cnergy indcpendenl tite subtraclcd dispcrsion rda-
tions Eqs. (14) and (15) remain unchanged.

3. Relatian between the effective mass and the local aptical potential

It is convenient to express the real part of lhe local oplical potential \1(1'. E) in
terms of lhe effective mass m-, which is t1sualIy defined as ¡2J

"" = 1 _ .11'(1', E). (16)
'" dE

Using Eq. (1 :J)

"" (1' E) = (1 _ .lVI/dI', lO')) _ dI'A(r, E)
m ' dE dE' ( 17)
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the Hrst tcrIll in tilis expressioll lTIay 1)(' calculated startillg fr01ll tile best quadratic
Ht to tile scattering potcnliais oblaillcd IIY B¡ult'r d al. [.1]. It gives, for r = O, a
constanl valuc = O.G, which corr('sponds to the sIllootb ovcrall encrgy variatioll.
Thc second tcrIll rcprescnls lile él.nolll¡\ly around tlH' Fermi cllcrgj'.

I havc done an estimalion of lll(' illlilginary part of t.1\('optical potential \\'(0, E)
starting from tile effcctivc Illass 1/1'. Br')\\'n d al. [11 slIggl'st tllat lhe itllomaly around
the Fenni surface can be reprcscntcd hy a variatioll of lhe elTt,cti\'c mass of the form

m' (11'-1"1)-'_ = 0.6.1 + 0.:\6 1 + f
'" '1.11;""'0

(18)

with h4'O = .11:tl/3. ~laking IISt' of Eqs. (17) and (18) wc gel lile correction VA(O, E)
to the real oplical potcntial

This correctioll lo lhe pOlt'lltial is illserll,d in the dis¡wrsion rdatioJl (15) and lhe
integration is carried oul analytically gi\'illg

(20)

From Eq. (20), we may ohscrw thal IVIl(O, I~') has él.CIISP al E = CF, this rathcr
unphysicallrait of m)' result l'OIllCS frolTl tiJe absolu!t, vallle lE - EFI appearing in
BrO\vn's approximatc expressioll fOI"tlll' correctioll to tlle e1fcctivc mass, and has 110
consequeIl(C off tile ver)' iUlIIwdiall' \'l'(inity of EJ.'. Si1J((' V~l(O, E), Eq. (19), is of
the volulIlc type, ~VlJ(O, E) is also of lhe volulIIe lypl~, In lhe ncighbourhood of EF,
11'8(0, E) grows as (E - ¡'p) III( F - Fp) as showlI ill Fig. :1.

4. Determination of the imaginary potential from the phenomenological real potential

In 1982, Bauer el al. [.1], stlldicd lile t'1I('rgy delH'lIdcllCt' of thc real part of the
opticai potential rol' prot.olls 011 variollS spiwl'icill 01" IH'arly sp!le'l'ical 1I11c!f'i(Fip;. 2
of reL 4), They found that tlle t'1lt'rgy vari¡üioll of t.1lt' n',tl part. of t.lw aptical
potellliai can be described as the Stllll of two tCI"IIlS: tlll' first 0111' with a quadratic
dcpcndcnce ove!" tbc t'llcrgy r¡\llg(' -(jO ¡o.,¡l'V< ¡',' < lOO \tl~V, Tlw ~l'colld krlll,
also callcd the auomal)' V,,( I~') of t1lt' n'al pitrt of tlw optical poteutial, contains
lhc rapid val'iatioll of the optical potelltial ohsel"\"ed in tlll' I"egioll around the Fermi
cllergy -15 ~leV < F: < 15 i\leV. TIll' Clll'fgy de¡H'llClt'll("(' of lill' illlomaly of the
real potential V,.¡(E) was ca!cllial('d frolTl Ilw cOrl'l'ctiOlI to tile effectin' mass of the
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FIGURE 1. Depth oC the real central oplical pot.ential for protons on 4C(;a as a function of protoll
euergy. The points for positive cncrgies refer to potentials from the compilation of van
Ocrs [25]' and those for negative cnergies to potentials fitted to tbe centroid energies
of bound single-particle states [24J. The fullline represents the quadratic fit (-) and
the dashcd line (_. -) tlle anomaly arolllld the Fcrmi energy.

"-nucleons proposed by Browll el al. [1]. However, duc to the large scatter observed
in the data on the real potential depth 11(E) for elastic scattcring states ami to
the large error bars of the potential well dcpth \1(£), fittcd to the centroid encrgies
of bound single-particle states for many nuclei [241, it is difficult to determine the
energy variation of the anomalous potcntia! with acceptable precision. Thcrefore,
in order to determine the imaginary potential, 1 ha.ve decided to concentrate my
attention on a single nucleus, namely thc phcnomcnological analysis of protons on
4CCaby van Oers [25]' since in this case the scattcr observed in the data is rathcr
smalJ.

The imaginary part of the optical poten ti al \V(r
1
E) \Vas obtaincd from the

anomaly of thc real part of the aptical potential VA(r, E) and the dispersion relation
given in Eq. (15).

Th~anomaly VA(r, E) of the rcal part of the optical potentiai for 40Ca sho\Vn in
Fig. 1, was extracted directly from the phenornenological data. According to Eq. (13)
the anomaly VA(r, E) is obtained subtracting from tlle phcnomenological real op.
tical potential V('., E) the equivalent local lIartree-Fock potential VIIF(r, E). The
phenomenological real potcntials [25]' used in thc study of the energy dependen ce
are written as

V('., E) = V(E)/(r),
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FIGURE 2. Depth of volume real correctioll terll1 for -1(Ca as fUllctioll of ellcrgy. 'rile fulllille rep-
resents Lhe anomaly of the real potf'lItial V"d", E) obtained subtracLillg lhe ljuadratic
fit sho .•••.n in Fig. 1 to tlle cxperillll>lltally dderlllilled values of the real potcntial.
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FIGURE 3. Depth of the volume imaginary oplical potelltial for protolls Ol! -l(Ca, as fUlIctioll of tite
energy. Tite curves rC¡HCSI'lIts lhe n~slllt.s of the tllltlll'rical COlllplllalioll of lite twice
subtracted dispersioll relatiotl (-) alld 1.0 the calculaliolls of lhe elfeclivc llla.';s USillg
lhe formula of Browll el al [lJ (- - -l.

where f(r) is a form factor of tlle Woods-SaxolI type. Tite depth of tile potclltiai well
V(E) as a function of the encrgy is sbowll itl Fig. L Thc real potcntial VlIF(l', E)
was determined following the proccdurc d('scribed in tiJe papel' of B,lUCI' el al. [,l].
\••..e made a least squares fit of a quadratic f01"1lIto tlle expcrillwlltai points showlI in
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TAHLE 1. Parameters of tite hest nI. 1.0 thl' deplh oC the pOlcntial w('11as functioll of energy.
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FIGURE 4. The volume imaginar)' potclltial for 4rta as function oftheenergy. The curves represent
lhe results obtaincd frolll tlle lIulncrical calculatioll of tbe twic(' subtracted dispersioll
relation, for difrerf'llt valllf's of th" nuclear radius.

Fig. 1, excluding those points in tIJc cllcrgy range -22 ~leV < {(Ec.m. - Ecoul)-
El'} < 22 .\leV. Thc best-fit \'allles of the parameters are givcn in TabIe 1.

The anomal}' term V.l( E), of the real part of the optica! potentia!, was calculated
from the difference bf'tween a curve drawn through the experimental points (dashed-
line in Fig. 1) and the quadratic fit (fnll-line in Fig. 1).

The anoma!)' VA(E), showlI in Fig. 2, is used as input in the dispersion relation
Eq. (1.5) and 1 obtain thc volumc imaginar}' potcntial lV(E) shown in Fig. 3. The
volume imaginary potcntial obt.ained from the nurnerical calculation is a symmet-
ric f\ludion of (Ec.rn. - ECoud - El" The Coulomb energy EcouJ, was computed
following thc proccdurc of Giannini el al. [26J. The Fel'mi energy was taken as
I~'F= 8.:3 .HeV. For valuC'sof (l~'c.II1. - ECoud::: EF the imaginar)' potential depth
rises with E = (Ec.lI1. - ECoud as (E - EFf. this behaviour is in agreement with
thc phenomenological data cOlltaincd in the compilation by Mahaux and Ngo [2).
The imaginary potential 1\'(£) obtained from the phellomenological data raises
to a much largcr value than tlw one obtained fram Bl'Own's approximation to th€
cffective mass, as Illay he secn in Fig. 3. The radial variation of the imaginary
polclltial lV(1', E) is sliowll in Fig. ,1 for diffcrent vallles of thp, nuclear radius R.
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5. Phenomenological determination of the imaginary potential

The imaginar)' potential ma)' be dct.crmined ion threc cnergy regions from diffcr-
ent. experiment.al data. At Ilegativc ellcrgies E < I~F it. is rclal.cd to the widths
l' of the bound statcs as detcrmilH'd by measurcrncnts of tile ('l,2p) and (e,e'p)
J"('a.ctions. Just above Ep, it. lI1ay be ohtained from the S-strcngth functions and at
higher cncrgies from phenorncnological optical model analysis of dastic scattering
cross-sectiolls. A. compilation of data by ~Iahaux and Ngo [2]' shows that the imag-
inary potelltial depends parabolically 011 lE - EFI around EF. reaches a maxirnull1
arotlllo. lE - EFI :;:; 40 ~1eV and th('feafter falls. A potential of this forrn, when
itl~('rt(.d into the dispersion rdation. givcs a real potclltial in good agreement with
tile phenomcnological dcterminations.

1 ilave col!ected a large alllollllt of data., from (1',2p) ami (e, e'p) reactions.
1I0\\'cvl'r, tile 5cattcr of cxpcrilllt'llt.al point.~ is so largc that it is not possiblc to
determine the energy variat.ion of t.he illlaginar)' pot.f'lltial univocally. Thc disper-
sion of tJ¡e data may be du(' t.o the actual differcnrcs in nuclear st.ructure of the
various Iluclei considcred, which a.ffect the imaginary potcntial more strongly than
tlu! real pot.ential. They lila)" also be due to the difTerent form factors used in the
phenolllcllological analysis, and tlle arnbiguities inhercnt in such analysis.

Thercfore. 1 decided to coll("cntrate m)' attention on a carcful analysis of proton
da-,~tic scattering data whicb was madc in terms of a combination of volume and
surfan' imaginary potentials. In particular, the analysis of the data made by van
Oers [25]' for protons on .1CCaand the ;,nalysis made by Thomas and Burge [27]'
of the elastic scattering of protons on 58Ni. The vaIlIes of the imaginary well dcpth
det.ermilled by these authors are 5hoWII in Figs. 5 and 6.

1\ curve was drown t.hrough tlu: points rcprescnting values of t.he imaginar)' well
dcpth versus encrgy. The lIuITlcrica.1 valucs of \¥v( E) and \1"v( E) represent.ed by
the curve are then used él..<.;input in the ~ispersion relalioll Eq. (14) to extract the
corresponding numerical valuc~ of the real potcntial well dcpths. In order to perform
thc numerical integration, it was él..<;5umedthat lhe imaginary poten ti al depths as
function of the encrgy are symmelrical around the Fcrmi encrgy. The resulting real

potentials

V.,(r, E) = V,(E)f(")

VV(", R) = Vv(E)g(r)

where eva.lua.ted at lhe aVt'rage gl'olllctry ra.diu~ 7. :;:; I"W 111/3. The re~t1lts are shown
in Figs. 7 ami S. At this point, the \Voods-Saxoll fOl"l1lfactors and the derivativc
\Voods-Saxon form fadors are ¡(7') :;:;~ ami g(1') =: l. The average geometry radius
for ~rca is rw = 1.309 fm and for 5'Ni is givcn by 7'\V :;:; 1.16 fm. It may be
observed that at low energics the surface term VD is dominant. Al higher energies
both tcrms are large but have opp.ositc signo Adding thc two contributions, wc
obtain the anomaIy of the real part VA(r,E) at r :;:; r~l,A1/3, which is showll in
Figs. 9 and 10. It ma)' be s('en that at lo\\" energics there is a sharp maximum
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potentials, from van Ocrs 125J. 'rhe fulllilH' represen!s an average value of tlJe deplh
of the imaginary oplical potf.'nlial obtained by interpolating between lhe values oC lhe
imaginary potential well deriwd from experiment.
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FIGURE 6. Depth of the imaginar)" oplical potentia] for protons 011 ~HNias fUlIctioll of lhe energ)".
The dots (.) represen\. lhe vo]ume potentials and the crosses (x) the surface potentia]s,
from Thornas el al. {27}. The fllll lille represenls an average value oC the depth oC
lhe imaginar)" optical potential ahtained by interpolaling belween lhe values of the
imaginary patential wdl derivl'd fram experilTll'nl.

that comes from the surfacc contriblltion, at higher cncrgies lhe curve fans to small
negalive values. In the case of 4OCa,\,,'herc the contrii>utioll to the correction tcrm
VA(r, E), that comes from thc \'oluTlIc ('"omponcnt is known iTla large energy rcgion
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FI(iL;HE j. Tlil' surfan' correctioll lerlll Vf)(l' = 1'wA1j:l, E') auJ the \"olllll1e correction term
V,,('- = 'wA1jJ,E) of the r•..~1 r~rt of the opti(:~l Jlotential for 4!(;a, c\'aluated at
th •..surface raJius, a." a fUJ1(tiotl of tite energy.

'0

o

•
o

FIGURE 8. Thc sllrface correctioli tNlll Vv(" = rwAlj3, E) and lhe volume corrcctioll lerm
V,,(" = 'wAI/:l, E) of 111" r~'al parl of Ihe 0pli<:al polt'lJtiai for !>"Ni, .'val\l~ted al
tlle sllrfac~ raJius, as a fllllOioll of lhe energ,.v.

:!5 .i\leV < E < 1.)0 )'leV, tiw 1H'1Javiour of the ('orredion term FA(r, E) of the
real part of t\1(' optical potcntial is 1¡('Uer dctcrmilled lhan in the case of 58Ni, for
energics I~ < :W i\lleV. On lhe otlwr hand, the itv('rage geometry obtaillcd from
t.he phenomcnological analysis allo\\'s me to sho\\' the bchaviour of the correclion
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FIGURE 10. Full correctian ter m l/,.dr = rwAI/J, E) ta the real aptica! poten tia! fac ~i evalu-
ated at tite sllrface radius as a fllllctian af the energy.

term VA (", E) to thc real part of thc optical potential for different values of the
lIuclear radius r, as a functioll of thc encrgy (Ec.m - Ecou¡) - EF. This behavioUl
of the correction term VA(r, E) is showll in Fig. 11. It is clcar from this plot that
t1w effect which produces the anomaly 011 the real part of the optical potential is
localized at the surfacc of the HUclcus aJl(1 therefore it is predominantly a surface
cffect. At cnergies around 21 McV, the correction term VA(r, E ~ 21) does not
changc with ,. in the interior of the nucleus. At cnergies lo\•...cr than 25 MeV, the
absorptiofl is mainly a ~urface cfrect that goes .to zero as wc approach the centre oí
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FIGURE 12. Energy variation of tlle rt'al part of the proton optical potential (or 4<ta (or various
values oC lhe nuclear radius.

the nuc1eus. At energies larger than 25 11eV a volume absorption effecl starts to be
important for values of r smallcr than 3 fOl. At the centre oC the nucleus (r = O,
¡(r) ~ 1, g(r) ~ O) the contribution to VA(O,E) obtained from IV{E) by mean,
of thc dispersion relation is exclusively of the volume typc. Il raises from zero very
slowly to a maximum value around 45 ~leV as may be seen in Fig. 11. Since this
contribution is important at rather high energies, it is probably not due to the same
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efreet that produces lhe anomal)' in the rffectiye mass. 1t probably comes from an
enhanced absorption due to the opcning of many new channcls 0r giant resonanees.

The calculation of the real part of the optical potential as funetion of the energy,
Fig. 12, shows clearly that the anorna!y on the neighbourhood of the Ferrni energy
is produced by surfaCt~ contributions. Por va!ues of the nuclear radius smaller than
the surfaCt~ radius, tile anornal)' goes lo zero and other efreet, a \'o!lII1lC one, starts
to be importan!.

6. Conclusions

It \Vas fOllud tha!. there is an inconsistency in the detcrrninatioll of the anornaly
VA(,., E) of the real part of the oplical potcntial extrilctt.'d dircctly frolIl lhe phe+
I1olIlcllologieal dat.a, ami the anoll1il.ly \'A(7", E) ealculaled llsing as input in the
dispersion rdation, Eq. (14), the phenornellological data of the imaginary potential
IV(1", E). 'rhe anomaly of the real optieai potential extracled frolll the phenomeno-
logical data is of the volume typc, whcreas the auolllal)' V,,(1', E) ealculated using
the dispersion rclations is the sllm of t\Yo terms: a volurne term plus a surface
termo This incotlsist.clley in the determination of V.,,,(,., E) is essentially due lo the
fad that tbe phenornenological paramctrizations do not take iuto account the fune.
tiona! dependen ce of \1,.1(1', E) on the imaginary potcntial n'(1', E) cxprcsscd in the
dispcrsion rclations.

The behaviour of lhe volulllc imaginary potential obtained inserting in the dis.
persion relation the phenomenologically determined anornal)' of the real potential
for .Ieca, is in good agrl'cmeut with the behaviour observed in the phenomenological
data of the compilation of ~lahallx and Ngo [2,51.

At positivc energies !ower than 30 ~leV the anornal)' VA(r, E) of the real poten-
tial, obtained from the f'nergy variation of the imaginary potcntial Cor 4CCa and 58Ni
and the dispersion rclation Eq. (14), is the sum of a predomill<lntly surfaee term
plus a small volulIle termo

It is .'liso found that at low energies ({Ec.m - RCou]} - E1') < 40 MeV the real
part of the phcllomenologica! optieal potpntial may be writlcn as the surn of two
tcrms: a volulllc !.ype terlTl \lJI p(r, E) with a quadratic depcndence 011 the energy
O\'er the wholc cllerg)' rangc, alld a predominantl)' surface term, VA (1', E) that raises
froln zero at (Re.m - Ecou¡) = EF to a rnaximum values around Ee.m - Ecou¡) =
Ep = 25 ~'I('V and th('1I falls to small negative valuc!o\. This slll"faC(~effect is of the
saflle typc a..."lhe surfaee cffect. found by G.E. I3rowll el al, (lj, in the eoupling of
vibration collectivc modes to the single particles motioll amI in tIle microseopic
ealculation of \Vambach el al. (16] and ~Iahaux and Ngo [2,5]. Tite parameters of
the real surfa((~ tcrm arc the sarne as thosc of the surface absorption.
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Resumen. La conexión entre la porte n'al .v la parte imaginaria del
potencial ópticp St' ('xplora IIsando l;.¡s relacioues de dispersióll. Lo~
potenciales se obti(,lH'n de d(,tNminarioJl(,s fellollH'llológicas a energías
positivas y a energías nl'gativas. Especial atención se dedica a la
vari;tción radial del potencial y Sil depellllencia con la energí;L La
variación con la ('UNgía de la profundidad del potencial imaginario
H'( E), se obtiene a partir de la variación (On la energía de la anomalía
del potencia.! real VA(E) rm'diant(' ('luso de una relacióll de dispersión
substraída. La mislIl<t rdación de disPNSióll se usa para deriv¡H una
expr<'sión simple para ""(E) como función de la energía a partir de
una expresión para la corn'cción a la masa efectiva de los nucleones,
propuesta por G.E. IJrown [1]. La ••..ariación con la energía de la
anomalía de la parte r('al df'1 potencial óptico se calcula usando como
información en las rf'lacioll{'s de dispersión la ••..ariaci<Ín eOIl la ellergía
de I;t profundidt'ld d('1 potcllcial imaginario It'(E), el cual S(' obtieue de
los datos fenomenológicos.




