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The extraction of the isovector part of the optical potential
- from nucleon-nucleus optical potentials is discussed when the

.optical potentials are energy dependent.

. The Lane.model} of the nupleén-nucleus optical potential gives a simple
description of the (p,n) reaction to isobari;;analog states as a quasi- ...
elastic_scattering process,. In‘this model the dependence of thg optical
potential upon isospin is

o U ='_Uo+£ ’ IUI/A ) . LT . (1)

where t is the projectile isospin operator and T is the nuclear isospin i
operator. The proton elastic, neutron elastig, and.(p,n)uquasiselaétic
potentials are evaluated from Eq. (1) and are
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In a recent pép;rz oné of p; (éwu) aéfeméﬁéd to exﬁract tﬁé isospin
dependent term, Ul’ by simply.taking tﬁe &iffg;encé between the neutron and
proton optical potentials aﬁ thé néutron and protéﬁ‘energies involved in the
reaction. It was asserted that this proce&ure describeg the energy'dépendence
of the (p,n) reaction on 20.8Pb and 20931; However, the scheme contains
implicit assumpticns which need to be spelled out before it can truly be
considered to provide a useful charge-indepgndent form factor. Moreover,
we w%ll show that the success in fitting the (p,n) excitation fﬁnctidns is
due primarily'to the use of neutron parameters derived from low energy
neutron elastic scattering rather than from the use of a particulgr form
factor.

When a parametrization of the nucleon-nucleus optical potentials over

a range of nuclei and energies has been obtained, U, may in principle be

1

extracted in a s;raightforward way. However, when a parametrization for
‘only “a single nucleus is obtained, one is forced to make assumptions con-
cerniﬁg the division of the energy dependence ‘between the isoscalar and
isovector parts of the optical potentials. In particular, a typical paramet-

rization3 of the nuclear optical potentials for the target nucleus, A, is
) ) B » . ’ . . — - -::
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where Uo'ﬁcontains the explicit energy dependence of the isoscalar part of

. U,,Ué is the Coulomb correction term <fof. . the jproton.potential due’to this - .::

energf dependence and £=(N-Z)/4A. _The magnitude of U, for 208Pb is nearly
107 of the real part of U and is nearly the same size as the symmetry term, .

Ui’ To extract an average U, from (5) and (6) we haver T T
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o= 5%— [UnA(En? - U + au,] o

where

R

BUY= Uk U '(E) = U (B . 1 if" t! 1. - ’fi"-” ”.1(3)
Thus oyly if AUl vanishes can we obtain Eq((7) of Ref.;Z. Since the uSua}i
parametrizations of the optical potentials coptain only a real Coulomb -
correction term, Uc, and a complex energy depepéeqce ?n Uo', only the ;eal'
part of AU1 can possibly bevcancelled unless one assumes that the eﬁtirg 1_
iﬁaginary bart of the energy-dependgnce of U is contained in.Ul. ‘Th;s:
assumption is not justified as shown by careful analyses4 éf op?ical model
péraﬁetgrs for N=Z nuclei.

- We now show thaé the quasi-elastic (p,n) cross sections on 208Pb are
not very sensitive to the precise form factor usedtto calculateAthe transi-
tion. In Fig. 1 we show the angular distributionsS for 26 MeV protons oh
208Pb using the solution to the coupled Lane equations.2 However, we do
not ﬁake any attempt to make the (p,n) coupling term consistent within the
Lane mo@el. The p;o;on optical potentials are taken ffom the Becchetti and
Greenlees (BG) best fit parameter set3 and, rather than extrapolating the ..
-BG neutron parameters to such low energies ‘and correcting for compound
nucleusAéffects, we use the neutron parameters from the study of Fu and
Perey6(FP). These are shown in Table I. Curve A uses the symmetry term
of the Bé parameters multiplied by a“factor ofr 0.9 for the coupling form .-t
factor.. -Curve B has been calculated. using a form factor'derived ffom;a -55:
" two-rucleon effective interac?ion of Yukawa form wiﬁh a range of 1 F.and a
s;;ength of 16 MeV, 1In curve C we nsg'FPe préscription of Ref;»Z-fgrgxhg L
form factor. Since the dependencerﬁlthe cross section upon the im;éinary~{

part 6f,the form factor is weak in the: Pb region of the periodic table, there

"is very little difference between the three cases.
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We now calculate the energy dependence of the total cross section

for the same three’cases of Fig. 1 and compare with data.7 These are

shown in Fig. 2. Due to the uncertainties in the normalization of this
déta;'we have normalized to the totél cross section of Schery5 at 26 MeV.
Since the FP neutron parameters may not be applicable above 16 MeV'.'
(E;¥35 MeV), ﬁe use the BG neutron parameters (also given in Table I)

above this eﬁergy.8 As for the angular distributions, the data really

does not éllow ué to choose between the form factors A-C and the use of
proton and héutron optical parameters which best fit the elastic scafteridg
at'th; appropriate energies appears to be sufficient to explain the energy

dependence of the total (p,n) cross sections.
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TABLE 1. ‘Optical model parameters used in Figures 1 and 2.

= s - " - —
;5 . . . ' ot " "wew
' VR(MeV) .WV(MeV) WD(MeV) ) Vso(MeV) ro(F) a(F) r, (F) a'(F) T, (F) a (r):
i (+2%%pb)Be  64.6-.32 E, .22 E 2.7 14.3-.25 B 6.2  1.17  0.75 1.32 0.657 1.01  0.75
+2%pbyrp  47.0-.25E 0O 3.5+.43 E_ 6.0 1.25  0.65 1.25  0.470 1.25 0.65
+2%8phyBg  48.9-.32 E .22 E-2.7 9.15-.25 E; 6.2 1,17 0.75 1.32  0.657 . 1.0l 0.75
L e df(x*) h .2 1 df(M) . .
‘ v(r) va(x) vaﬂ(,x ) + 4WD dxr t Vso! mﬂc) ra"  dx" =9
. £(x) =1 +exp’ (x)]"l“'
! . r-rA1/3_ s , xr=r ' A1/3. - r-r " A1/3 :
o [} o " o
X = X - 1 X' . = "
a R a ) a
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'*;text., FP neutron optlcal potentials for Eﬁ> 35 Mev and .BG- neutron

" parameters for Eé> 35 MeV.
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Figure Captions ' ; : ' ]

Fig.rkmﬂ308Pb(é?n)2083i quasi-elastic engular.dietributions fer»Ep=26. :
- fﬁ_Form faetors;desctibed in text; | ;
Fig. 2_;%08Pb(p;n)2083i excitatiouufunctions; Forr factors descrlb d 1n.
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