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2 Summary

By combining the analysis of new observations of photon-dominated regions (PDRs), using
the Herschel satellite and complementary ground-based data, with the improvement of the
KOSMA-τ numerical model for the physics and chemistry of PDRs we performed a big step
ahead in the understanding of the detailed physical and chemical processes in these regions.

The combination of the KOSMA-τ with the MCDRT dust radiative transfer code allowed to
compute for the first time the full spectral energy distribution emitted from PDRs including all
major cooling lines and the dust continuum to allow a direct comparison with the complete set
of infrared observations.

For selected PDRs, we resolved the three dimensional density, velocity and chemical struc-
ture. It turns out that the main energetic impact, affecting the global temperature structure,
chemical balance, and the excitation of most species stems from the impinging radiation field.
Shocks produced by outflows from young stars affect the clouds dynamically, leading to a mix-
ing of species and possibly driving some turbulence, but they have a negligible effect on the
global energetic structure. In an iterative process we succeeded to fit the observed spectra of
numerous species observed in several PDRs with the KOSMA-τ numerical model proving the
overall consistency of the physical relations implemented in the model and the observational
data. However, we noticed systematic deviations for a number of sulfur and nitrogen bearing
species. At the moment, we still do not understand which effects might alter the chemical
network affecting those species.

We obtained an accurate theoretical and observational determination of the water abundance
in PDRs showing it to be lower than previously expected. As a consequence, the cooling power
of the water lines can be neglected for the overall energy balance. However, we also learned
that the water freeze-out at low temperatures is somewhat weaker than expected, indicating a
higher cosmic ray rate or stronger turbulent mixing.

We obtained for the first time a complete picture of the gas heating efficiency as a function of
the dust properties, and the fraction of neutral and ionized PAHs. It turns out that the fraction
of PAHs and very small grains providing most of the overall surface is the critical parameter
for the photoelectric yield and the H2 formation heating. Additional H2 formation on PAHs
boosts the temperature of the PDR surfaces, visible in the excitation of high-J CO lines. The
production of ionized PAHs in more diffuse regions, in contrast, lowers the heating efficiency.
The change of the UV attenuation by the different dust sorts only affects the deeper layers of
the clouds providing the bulk of the mass.

With respect to the PDR kinematics and their dynamical evolution we quantified the expected
pressure gradient at the PDR surface and find systematic gas flows driven by the radiation
pressure. In contrast to the expected evaporation flows, we measured radiation driven cloud
compression. This could be the first direct observation of the dynamics of pillar formation.
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