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Z.
Pacheco and Schöne Reply:In response to the preced
ing Comment [1], as stated in our Letter [2], the adiaba
approximation relies on the different time scales char
teristic of nuclear and electronic motion. This allows o
to write the wave function of the system as a direct pro
uct of a nuclear wave functionQks $Rd and an electronic
wave functioncns$r; $Rd which depends parametrically o
the nuclear coordinatess $Rd. Consistently with such an
approximation, the electronic transitions can be assum
to take place “instantaneously.” One can write for t
transition amplitude for a photon excitation from the ele
tronic ground state 0 to an electronic staten

A0,ns $Rd ­
Z

d $rcp
ns$r; $RdD̂ec0s$r; $Rd .

At zero temperature, the quantal nature of the nu
manifests itself, within such an approximation, via t
well-known Franck-Condon factors,Fk0,kn , which are
directly related to the overlap of the nuclear wa
functions

Fk0,kn ­

Ç Z
d $RQp

kn
s $RdQk0 s $Rd

Ç2
­

Ç Z
Sk0,kn s $Rdd $R

Ç2
.

At finite temperature, one has to take into account
only quantal effects but also thermal effects, which w
become dominant at sufficiently high temperatures. T
case of Na8 has been explicitly studied in Ref. [3], wher
it has been found that forT . 50 K thermal effects
were already dominant. Similar conclusions have be
obtained for the (lighter) lithium clusters [4] where
was found that the quantized nuclear motion of t
lithium atoms leads to a renormalization of the vibration
temperature without any major modifications on th
physical behavior.

In [2] we considered three temperature values:T ­ 0,
for which the photoabsorption was computedat the equi-
librium configuration of the cluster,therefore includingno
quantal or thermal effects;T ­ 100 and 300 K, for which
the thermal limit has been utilized, in view of the resu
of Ref. [3]. At the heart of this limit is the expressio
for the transition strength between the lowest electro
state of the cluster (at a specific set of nuclear coordin
$R) and an excited electronic staten compatible with the
selection rules. Assuming that the cluster is in therm
equilibrium at a vibrational temperatureT sb ­ 1yKBT d,
we may write for the transition strength

T sb; 0 ! nd ­
Z

d $R
X

jA0,ns $Rdj2

3

( X
k0,kn

1
Z

expf2bEk0 g jSk0,kn s $Rdj2
)

,

whereZ is the usual partition function, andEk0 are the
vibrational eigenstates of the nuclear Hamiltonian in
electronic ground state. In this way, the quantal treatm
of the nuclear motion provides a contribution to t
absorption probability, via the sum over the (therma
accessible) nuclear vibrational states. AtT ­ 0 we
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obtain the usual expression involving the Franck-Cond
factors. As the temperature increases, the numbe
thermally accessible states increases significantly, w
a corresponding increase of the number of incoher
contributions to the double sum in braces above. T
classical (high-T ) limit reads [3,5]

T sb; 0 ! nd ­
Z

d $R
1

ZCL
e2bEs $Rd

É X
n

A0,ns $Rd

É2
,

ZCL ­
Z

d $Re2bEs $Rd,

whereEs $Rd is the lowest electronic energy of the clust
for a given set of nuclear coordinates$R. Equation (1) in
[2] can be obtained along a similar (though more lengt
limiting procedure, carried out for the photo cross sect
of the cluster. In this way, the treatment undertaken
[2] is consistent with both the adiabatic approximati
and the classical treatment of the nuclear motion, wh
is legitimate in view of the results of Ref. [3].

In what concerns the temperature and the renormal
tion factor used for comparison with experiment, they
well documented in the literature—see Ref. [6] and r
erences therein, in particular Ref. [17]. At any rate, t
main goal of our paper was to put in evidence tha
proper treatment of the absorption in the thermally exci
clusters cannot be simply seen as a superposition of
process occurring in a few isomers of the same cluste
sometimes referred to in the literature as isomerizati
It is, instead, directly linked to the increasing availabili
of phase space opened up by temperature (which m
one must include, besides the local minima, the full top
logic structure of the potential energy surface) leading
shown in [2], to sizable changes as one moves acro
structural phase transition, such as melting.
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