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Granger and Greene Reply: In our Letter [1], the quan-
tum photoabsorption cross section is written in terms of a
long- (SLR) and short- (Score) range S matrix:
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where Seff 	 ScoreSLR�w�. In closed-orbit theory (COT)
[2], on the other hand, the cross section is given as a power
series:
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Our work elucidates the convergence properties of the
semiclassical result of COT, Eq. (2), and shows how it
emerges out of the more accurate quantum expression,
Eq. (1).

We claim that it is useful to expand Eq. (1) in a power
series using the relationship �1� Seff��1 	

P
1
n	0�S

eff�n.
Then physical insight can be extracted by studying the
Fourier transforms of individual terms in the resulting
series expansion of the fully quantal cross section:
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In his Comment [3], Matzkin asserts that this expansion
is ‘‘purely formal’’ and questions whether or not it is
physically meaningful to extract physics from its indi-
vidual terms (through a Fourier transform). We are un-
clear what is meant by purely formal in this context; this
series converges absolutely to the closed form expression,
Eq. (1), when Seff is evaluated at a complex ‘‘energy’’ w�
i
=2. While Matzkin correctly points out that the series
form of the cross section, Eq. (3), can and will oscillate
wildly about the closed form result, Eq. (1), as more
terms are added to the series, we disagree that this in-
validates our interpretations.

This is made clear by recognizing that the semiclassi-
cal expansion of COT, Eq. (2), has the exact same prop-
erty of oscillating wildly as more terms are added. In
spite of this, researchers have long agreed that each
individual term in the semiclassical cross section can be
interpreted physically; they are related to classical closed
orbits of the system. Moreover, this is assumed even
though the convergence properties of the semiclassical
cross section have, until now, been on less than solid
ground. In some cases (core scattering in high partial
waves), the series of Eq. (2) is even known to diverge [4].
Thus, we feel that our interpretation of Eq. (3) stands on
the same ground as the interpretation of the semiclassical
result.

We have used the phrase ‘‘diffractive orbits’’ to de-
scribe paths where the wavelength of the electron is much
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larger than the distance scale over which the Coulomb
potential is varying. We agree that this phrase might be
confusing; the term ‘‘core-scattered-like’’ is a better way
to describe these recurrences. We also agree with the
comment that these orbits are unphysical, if ‘‘unphysi-
cal’’ is understood as meaning ‘‘not observable in any
experiment.’’ Importantly, our theory agrees with experi-
ment on this point.

At the end of his Comment [3], Matzkin questions how
we include this cancellation in our semiclassical theory to
arrive at our final semiclassical result [Eq. (6) in [1]]. To
clarify these issues, we now give a few more details on
how we derive our semiclassical result [5]. The first step is
to rewrite Eq. (3) as a power series in the matrix T 	
Score � 1:
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where ~SSLR is not the original SLR, but rather a resummed
long-range S matrix ~SSLR 	
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constitutes an exact rearrangement of Eq. (3). It is at
this point, working with ~SSLR, that we introduce a semi-
classical approximation (SLR �

P
jAjeiSj , where j is a

sum over the closed orbits with action Sj) and include
the cancellation [Eq. (5) of [1]] between ghost and core-
scattered-like orbits. The final semiclassical result,
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is then a sum over all closed orbits j and their repetitions
n. Semiclassically, the resummed ~SSLR generates repeti-
tions of the closed orbits. Using the SLRscl of Eq. (5) in
Eq. (4) shows that our final result is a power series in �h.
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