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The Coulomb explosion imaging (CEI) is a relatively new technique that enables the
measurement of molecular structure by sampling the fully correlated many-body nuclear
density. Compared to the spectroscopic methods of deducing molecular geometries this
method is direct, model independent and applies to both rigid and floppy molecules. The
principal process is the electron stripping of an accelerated molecule that passes through
a very thin foil. After a very short stripping time (10~16aec), the molecule dissociates
into ionic fragments which move in a repulsive Coulomb-force field. These fragments
are detected separately on a 3D imaging detector and their relative position and time of
arrival are recorded separately one molecule at a time. In principle, since the nature of
the interaction between the fragments during the Coulomb explosion is known, one can
reconstruct the positions of the nuclei before the stripping. By collecting data from a
well defined ensemble of molecules, the full correlated quantum density function of the
nuclear coordinates is revealed.

The CEI technique has been successfully applied to different molecules and molecular
ions prepared in their ground state. Here, for the first time we present a CEI measurement
of a highly excited molecule at a well defined energy. Such excited molecules play an
important role in chemical reactions, photochemistry, combustion, plasma physics etc.
However, they are difficult to study spectroscopically due to the high density of states and
the lack of a complete theoretical model. In this recent measurement, the phase space den-
sity of the excited acetylene molecule is probed and compared to the conventional phase
space arguments within a potential energy surface. The implications to our understanding
of molecules are given.
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