VOLUME 57, NUMBER 2

PHYSICAL REVIEW LETTERS

14 JULY 1986

Au and Drachman Respond: Although it was not evi-
dent from the original Letter of Manson and Ritchie,'
we agree that their ‘‘conservative imaginary contribu-
tion’’ is similar to our first nonadiabatic correction?
but not identical. It is exactly the ‘‘small terms’ in
Eq. (3) of the Comment® which represent what we
consider to be a significant difference; these are partic-
ularly important at zero energy where Manson and
Ritchie’s expression vanishes identically. To see how
large these terms may be, let us write the asymptotic
form of the general scattering function as

v~ e® Ry £(g)e*R/R. ¢))

Then the gradient term in our formalism gives the
result

9W/OR = ik¥ — f(8)e™R/R2. )

We see that the extra term involving the scattering
amplitude is, in fact, not necessarily small. In particu-
lar, the gradient term at zero energy yields the follow-
ing:

OV/dR ~a/R?, (3)

where a is the scattering length, which may be large.
In the same way, one might ask how the effective po-
tential could be used in a bound-state calculation. Our
method could be applied almost without modification.*
(This is of more than academic interest, since the Ps,
and PsH molecules have recently been reexamined.’)
It is the virtue of our method that the complete and
correct expression for this term appears naturally.

Perhaps a more interesting problem concerns the
transformation we used to convert the non-Hermitian
gradient terms into a local potential.® (The k-
dependent term is evidently also not Hermitian.) The
remarkable fact is that the transformation results in a
Hermitian Hamiltonian for the ‘‘quasiparticle,”” giving
rise to a more correct form of the Schrodinger equa-
tion. The transformation takes into account the
changing normalization as the two systems approach
each other, thereby avoiding spurious current noncon-
servation.

The most important difference between the two
methods is in the basic philosophy employed in the
formulation. We have taken the point of view, imple-
mented through the Feshbach-projection-operator for-
malism, that the goal is to reduce a many-body
Schrédinger equation to an effective one-body equa-
tion. This does not require any perturbation expan-
sion, and at no time is the one-body Schrédinger equa-
tion itself ever replaced by a Born series. On the other
hand, if one wishes to take a perturbative approach,
one definition of an effective potential is the Fourier
transform of the scattering amplitude in the momen-
tum transfer Q. It is well known that the scattering

amplitude depends on only two independent variables,
commonly chosen to be the energy and Q2. Hence the
effective potential can always be written as a function
of the energy and separation R, and need not contain
any dependence on k. The ‘‘conservative imaginary
contribution’’ of Ref. 1 derives from the k- Q terms in
the scattering amplitude. But overall energy conserva-
tion enables us to eliminate k-Q. This provides
another way to convert the momentum-dependent
term into a true local potential, identical to the one
derived in Ref. 2, while retaining the perturbative ap-
proach. One simply transforms the /k-R term in
(k,R) space back into (k, Q) space and makes the
substitution k- Q= — Q%/2. On performing one more
Fourier transform from Q to R, one recovers the local
form. Here we see from another angle why the
momentum-dependent term, which appears to vanish
at threshold, actually does not.

Finally, we would prefer not to argue about termi-
nology, and for that reason did not use the word
“‘recoil’’ in the title of our Letter. We would like to
remark, however, that earlier workers’ have interpret-
ed the short-range effects, attributed in Ref. 1 to
recoil, as due to zero-point oscillations.
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