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In a recent study of (d, @) reactions on medium and heavy nuclei, DelVecchio and
Daehnick employ a well-matching condition which limits the choice of the optical model
potentials. It is shown that in the authors’ derivation of the well-matching condition, they
violate the post-prior equality necessary for distorted-wave transition amplitudes.

In the recent paper by DelVecchio and Daehnick!
the authors employ an approximation or an as-
sumption that creates an inconsistency in the
distorted-wave (DW) theory of direct reactions.
For the reaction a +A ~ b + B, with the transferred

the DW amplitude is, in the final state formalism,?

1

T?W=N<X§-)¢b o (1 + (Vg + Vg —Ub)m

where the same designations are used here as in
Ref. 1. The authors then impose the following
conditions:

| Vg +V gy = Usll =0, (2a)
“ VaB _Uu “ =0 1) (Zb)

in order to reduce Eq. (1) to the usual distorted-
wave Born approximation (DWBA) frequently
employed in the literature for the case of single
nucleon transfer reactions:

T;)WBA=N< Xy(,_)¢b bal Vo | 00 04 . (3)

Our objective is to show that if one assumes
condition (2a) to be an essential condition in
reducing Eq. (1) to Eq. (3), then by the same rea-
soning one can show that such a condition leads
one to a serious discrepancy when one compares

) (Vaa + Vax - Ua )

amplitude is?
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11

1
(VaB + VBx -U, )[1 +m (VaB Vo = U, )jl

cluster or nucleon being x and
b=a+x

b

B=A-x

’
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the post and prior forms of the DWBA amplitudes.
In addition, condition (2a) is not equivalent to
making the Born approximation, as we discuss
below, nor does the Born approximation suggest
condition (2a).

We would also like to point out that it is not clear
from Ref. 1 what Egs. (2a) and (2b) mean. More-
over, though the potential terms V,, should desig-
nate the sum of two-body interactions between
particles in x with those in ¥, the authors at one
point treat the interaction V, 5 as if it were an
averaged potential when they use (2a) and (2b) to
lead to their well-matching condition V,+V g, - U,
~0. Nonetheless, in what follows, Eqs. (2a) and
(2b) will be employed in the same manner as it
was in the paper in question.

The initial state formalism for the DW amplitude
which must be equal to the final state transition
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Any approximation or assumption employed in
the DW theory must, in principle, preserve the
initial-state—final-state or post-prior equality.
However, it is apparent by examining Eq. (4)
that if condition (2a) is used in exactly the same
way that it was used to derive Eq. (3) then one
has

V=0 . (5)

This not only destroys the post-prior equality,

but it causes the cross section derived in an

alternate formalism to be zero. It therefore

does not seem reasonable to employ condition

(2a) as part of a theoretical basis for deriving

the well-matching condition employed in Ref. 1.
We would also like to point out that Egs. (1) and

(4) both contain the term (V5 +V 5, — U, U(E® - H)]

X (V,g+Va —U,). As pointed out by Goldberger

and Watson,? it is the above term, and not the term

(Vag+V g, —U,) that is assumed negligible when

one makes the Born approximation. Thus, upon

making such an approximation, one arrives at

the DWBA transition amplitudes in the post and

prior form, which clearly still maintain the

post-prior equality

TPVA=NC X ™) by G5l Vap +Vear = Upl b, 04X (), (6)

T?WBA=N<XI(;—) Gy D5l Vs +V gy = Upl &, ¢’AX¢(1+)) . (1)

Equation (2b), which is frequently used in the
literature (if we interpret it to mean

<X§z-)¢bd)ﬂl Vab_Ua! ¢a ¢Axt(1+)>

is negligible compared to

(xﬁ" (o} ‘PBI Vaxl X((1+)¢b ¢B> ,

then reduces Eq. (6) to Eq. (3). Note that this
need not imply V,5=U,, since both terms are only
expected to be large in the nuclear interior, and
it is possible for absorption and phase averaging
effects due to the distorted waves to render the
term V,z; - U, small in such a region. One can
interpret this result to mean that the matrix
element of V, is equal to or approximately equal
to that of V,z+V 5, —U,. This in fact is usually
done and is why one uses the initial rather than
the final state form for the transition amplitude.

Finally, it may be pointed out that, though it is
possible for a term such as V,5; - U, to be negligi-
ble in some average sense, i.e., the transition
matrix element, it is difficult to see how condition
(3c) of Ref. 1 and a similar equation in an earlier
article* can be satisfied, namely that U, +V g, - U,
sums to zero when the three terms are functions
of three different coordinates.

*Work supported in part by the National Science
Foundation.
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