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' ABSTRACT

The channel-nonorthogonality correction to. the

heavy-ion transfer polarization potential is discussed.
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Owing to the complex nature of heavy-ion reactions
the use of polarization potentials to represent some ﬁf_the
channel-coupling effects has become increasingly popular in
recent years.

Considerable theoretical effort has been devoted to
the derivatioﬁ of these potentials .for a variety of situations
which include, among others, Coulcomb coupling to collective

excitations1)
2-4)

and -the nuclear coupling to inelastic and transfer

channels In order to calculate these potentials, different

procedures have been fellqwed. Although the resulting potentials

are .seemingly equivalent in so far as genérating the correct
coupling effects asymptotically, they may behave quite differently

when tested locally. Since the purpose of these potentials is

most often to represent the effect of 2 group of channels in a

pheripherical collision it ig mainly. their ability to reproduce’
the effect of these channels on the wave function in the
region near the nuclear surface that has to be ascertained. A
natural framework to derive these potentials is Feshbach's
formalism for the optical poten;ialS}.

In the case of reactions iﬁvolving mass rearrangements
this formalism presents several shortcomings which do not appear

in the case of inelastic scattering. Special care must be taken

- to correctly consider the non-orthogonality of transfer charinels.

To. lowest orders in the transfer coupling the .polarization

potential is given bys)

iy -
— (1)
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where V_ and V__  are the transfer form factors, Gé” the

Green function in the transfer channel and Nto is a measure
)

of channel m'Jn—Drthog‘c:m:—:ility-‘r .
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In this letter we assess the importance of the non-
orthegonality contribution to the potential in eq. {1}, neglected
in Refs. 2-4). '

. ._ In the no recoil and zero range app:oximation.the
form factor'ié local;_ The guantities: V6t1gl', expresseé in

. the. prlor form, and: N (r). are given by

Vi (?>'=f¢;,f?’ﬁ"‘tg"cr'}-"q&cr-'-r') 4 (2)
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t
the motion of the transfered particle in the initial and final

where. ¢_. and. ¢, are spherically symmetric orbitals describing

nucle;_respectively, and vc(;') is the tnansfer.cbupling
potential. In what fg;lows we approximate votff) by a sguare
well and disregard the particle angular—moﬁentqm in the states
éo and. ¢t .. We further assume constanﬁ values for the wave

functions inside the nucliel and decaying exponentidls in the

outside region, namely
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In egs. (4} and (S) Ro. an@ Rt are the ranges of

the potentials to which the particle is bound in the elastic -
and transfer channels, respectively. The parameters a, and

a, are related to the initial and final binding energies £s

and =, through the relation a = h/ v2mec. The guantities

-4,

Co and Ct are normalization constants, and ég(x} is the

usual step function. Using Egs. (4} and (5) in Egs. (2} and

(3} we obtain
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In deriving Egs. (6) and (7) we have used the same transferred

N,!‘“

particle binding energy in the initial and final channels, and

R
It is interesting to observe at this point that

ignored contributions of order IE] .

both th and Not depend on r approximately through the

distance between the surfaces of the two nuclei -r-Ror-Rt ’.

in close analeogy to the proximiﬁy potential. Furthermore,

the correctlon to the usual V Gﬁf) v form of the lowest-

to

order polarizarion potential, namely, -V, N ; comes out

ot to
purely real and attractive

4
BV -4 8 e By 2080)

This is in line with what~ié.ekpected physiﬁally since non-
orthogonality implieérroughly that a component . of the transfer
channel is elastic and thus should not be counted in the
éalcﬁlation of the pola:.;j.zation potential. Being real and attract_'i.ve.,

the correction AV counteracts the predominantly absorptive

votGé+? to component since the system acquires a larger local
velocity as it reaches the region where \ thf,Hvto is active, i.e..



feels less absorption,

As an estimate of the strength of AV Eg. (8), we

ar 4
calculate the guantity L a @ , taking for V_ =50 Mev,
2 2 o
R R _IR +R_}
173 o t'To Tt
a=1.2 Im and R=1.2 3 fm. We find

- s
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where AV _ = 2¢ [)V/ev]
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and S:r—Ro—Rt.

The value of "a" considered above corresponds to a neutron

binding energy of about 17 Mevsy. The for, e.g., 28514-40Ca,we
get AVO = 0.06 MeV. This is a rather small value. We should
stress, however, that in our calculation above we considered
the contribution of just one one-neutron transfer channel.
Depending on the shell-structure of the nuclei participating in
the collision, one may have to consider a quite large number of
contributing one-neutron {(and one-proton) transfer channels.
For example in the case of 28514-40Ca simple counting gives

n = 96 ground-ground one-nuclecn transfer channels. Accordingly
the n. AV& becomes about & MeV. We consider this estimate

a lower limit as certainly other, excited, one-nucleon transfer
channel may contribute:

It is important to.emphasize at this point tha£ the
relevance of our "non-orthogonality potential® is strictly
decided upon by the representaticon one chooses in the calculation

. of Vot and Vto' If a prior-post form is used for the

calculation of Vv G(+)

otGt Vto . which amounts to the description

.6.

of a pick-up followed by a stripping process, the non-orthogeonality
correction would be identically zeran. On the other hand a poét—
prior form used for a description of a stripping pick up process,
would'requi:e the inclusion of our AV above. In calculating
the heavy-ion transfer polarization potential, both pick-up-
stripping and stripping-pick-up processes are considered, thus
requiring the inclusion of the non-orthogonality correction
term.

In particular,the potentials proposed by Frahn and

Hussein?’ and by Broglia et a1.3x can not be considered as

‘wave-function equivalent in so far as they.do not take into

account the non-orthogcnality correction. term. Granted that
these potentials might be adequate for some heavy-ion systems,
e.g., those involving a closed-shell projectile and or target

nuclei, it would certainly over—estimate the absorption aspect of the

_ couwpling to transfer channels, in other situations, as was discussed earlier.

In conclusion, we have assessed in this letter the
importance of the channel non-orthogqnality_correction to the
heavy-ion transfer polarization potential. Though small if
one-nucleon transfer channels were considered individually, it
could contribute significantiy'in realistic situations involving
a large number of transfer channels. The inclusion of the
non-orthogonality cdrrection then would guarantee that the
calculated transfer polarization potential is accurate enough

to describe correctly the wave function in the surface regions).
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