




specific class of molecules to be investigated, excite them to a well-
defined state, break them apart and finally detect the resulting frag-
ments. Thus, we rely on the detection of the fragments as a proof that a
whole series of intermediate events has occurred. This elaborate
scheme allows us to perform measurements that would be otherwise
very difficult or impossible to make. In particular, the ability to reach
highly excited states with great sensitivity and selectivity allows sin-
gling out one voice from a crowd of different molecules that would all
want to talk to us at the same time.
I'd like to focus our attention on a specific example : the measurement
of the electric dipole moment of highly vibrationally excited molecules
and, in particular, of water. The electric dipole moment is an important
property that describes how the electric charge is distributed around in
the molecule and how this charge shakes around-like in a micro-
scopic antenna-when the molecule vibrates. This property deter-
mines, among other things, how the molecules inter'act with light and
how much they absorb it.
One place where absorption of light by molecules is of enormous rele-
vance is the Earth's atmospheree as this absorption and the subsequent
energy transfer processes have a profound influence on climate. Water
is by far the dominant absorber in the atmosphere. It is then of
paramount importance for our understanding of climate and of the
atmosphere that the role of water is properly understood and modeled
but this is, at present, far from being the case. A large fraction of the
solar radiation absorbed in the atmosphere is unaccounted for, and
many scientists believe that improper modeling of water absorption is
the cause of the problem. Substantial controversy exists on the subject,
as a direct experimental assessment of water absorption in the region
of the solar spectrum turns out to be extremely difficult to achieve with
the required precision. Sophisticated computer simulations are nowa-
days able to calculate molecular properties starting from fundamental
physical principles and could potentially solve the controversy, but
their accuracy needs to be validated against independent experimental
measurements. For this purpose, a very stringent test of the accuracy of
these calculations is their ability to reproduce accurate experimental
dipole moment measurements of excited vibrational states. These mea-
surements, routinely performed in molecules that are vibrationally at
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