The Galactic Center: Feeding and Feedback in a Normal Galactic Nucleus
Proceedings IAU Symposium No. 303, 2013 © International Astronomical Union 2014
L. O. Sjouwerman, C. C. Lang & J. Ott doi:10.1017/51743921314000234

The thermal state of molecular clouds in the
Galactic center: evidence for
non-photon-driven heating

Y. Ao"?3, C. Henkel'*, K. M. Menten', M. A. Requena-Torres!,
T. Stanke®, R. Mauersberger®, S. Aalto’, S. Miihle® and J. Mangum?’
'MPIfR, Auf dem Hiigel 69, 53121 Bonn, Germany
?National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
3Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China
4 Astron. Dept., King Abdulaziz Univ., P. O. Box 80203, Jeddah 21589, Saudi Arabia
PESO, Karl-Schwarzschild Strasse 2, 85748 Garching bei Miinchen, Germany
6 Joint ALMA Observatory, Av. Alonso de Cérdova 3107, Vitacura, Santiago, Chile

"Department of Earth and Space Sciences, Chalmers University of Technology, Onsala
Observatory, 439 94 Onsala, Sweden
8 Argelander-Institut fiir Astronomie, Universitit Bonn, Auf dem Hiigel 71, 53121 Bonn,
Germany

9National Radio Astronomy Observatory, 520 Edgemont Rd., Charlottesville, VA, 22903, USA

Abstract. We have used the Atacama Pathfinder Experiment (APEX) 12 m telescope at
218 GHz to observe molecular clouds simultaneously in the Jx,x. = 303 — 202, 322 — 221,
and 321 — 290 transitions of para-H,CO to determine kinetic temperatures of the dense gas
in the central molecular zone of the Galaxy. Gas kinetic temperatures for individual molecular
clouds range from 55 to 125 K or even higher. The molecular clouds at high temperatures may
be heated by turbulent dissipation and/or cosmic-rays.
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1. Introduction

The Galactic center (GC) region is the most nearby galaxy core. It is characterized by
a large concentration of molecular gas and by extreme conditions like high mass densities,
large velocity dispersions, strong tidal forces, and strong magnetic fields. Therefore it is
a unique laboratory to study molecular gas in an environment which is quite different
from that of the Milky Way’s disk. For a general understanding of the physics involved in
galactic cores, measurements of basic physical parameters such as molecular gas density
and gas kinetic temperature are indispensable.

2. Observations and results

Simultaneous measurements of the Jx k. = 303 — 202, 322 — 221, and 331 — 29
transitions of para-HyCO were obtained with APEX at 218 GHz. The FWHM beam size
was approximately 30”. We used the On-The-Fly observing mode measuring 4’ x4’ maps,
and the surveyed area is 302 square arcmin and its dimension is roughly 40'x8' along
the Galactic plane. Figure 1 shows integrated intensity maps of the GC.

To investigate the gas excitation from the HyCO line measurements, we use a one-
component large velocity gradient (LVG) radiative transfer model and choose a spherical
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Figure 1. Integrated intensity maps for the different transitions of para-H,CO, Jx,x., =
303 — 202 (left), 320 — 291 (middle), and 321 — 22 (right), observed in the GC. Black contour
levels are for the molecular line emission, and the wedge at the side shows the intensity range
of the line emission. The beam size is shown at the bottom-left corner of the left panel.

cloud geometry with uniform kinetic temperature and density. Gas temperatures range
from 50 K to above 100 K. While a systematic trend of (decreasing) kinetic temperature
versus (increasing) angular distance from the nucleus is not found, the clouds with highest
temperature (Tii, > 100 K) are all located near the center. A gas temperature of 65 + 10 K
is found for more diffuse molecular gas outside of the dense cores in the GC region.

3. Heating mechanisms in the GC clouds

What does heat the dense gas to high temperatures in the GC? The four most common
mechanisms to heat the gas in molecular clouds are (a) photo-electric heating in photon-
dominated regions, (b) X-ray heating, (c) cosmic-ray heating, and (d) turbulent heating.

Comparing the gas cooling rates and the heating rates from different mechanisms,
we conclude that cosmic-ray heating and turbulent heating are good candidates to heat
gas to high temperatures observed in the GC. However, we cannot distinguish which
mechanism dominates the heating of molecular clouds in the GC. Future observations of

x(e) = 5 (the average ionization fraction) can also help distinguish between these two
o

heating mechanisms as high cosmic-ray energy densities will boost this fraction unlike
turbulence (Papadopoulos 2010). With a large array such as ALMA, one can try to search
for molecular clumps with thermal line widths, i.e. with line widths that are dominated
by thermal motion. If such objects can be found, turbulent heating can be excluded
because the narrow line widths cannot be explained by turbulent heating.

The high temperatures of molecular clouds over large scales in the GC region may be
driven by turbulent energy dissipation and/or cosmic-rays instead of photons. Such a
non-photon driven thermal state of the molecular gas provides an excellent template to
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study the initial conditions and star formation for the galaxy-sized gas in ultraluminous
infrared galaxies.
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