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Abstract
The Central Molecular Zone (CMZ) covers the inner ~500pc of the Milky Way and contains a substantial amount of molecular gas (several 107 M

o
). Models show 

that the gas may be funneled along the central Galactic bar into the CMZ and eventually accretes on x
2
 orbits that cover the inner ~200pc. Eventually the gas will 

be destroyed by environmental influences, during the process of star formation, or, in rare cases, the dense gas will be transported all the way further toward Sgr 
A*, the central supermassive black hole of the Milky Way. We present maps of a large number of dense molecular gas tracers across the entire CMZ. The data were 
taken with the CSIRO/CASS Mopra telescope in a Large Project in the 1.3cm, 7mm, and 3mm wavelength regime (Ott et al., Jones et al. 2012; see also poster 
#P11, Requena-Torres), where many molecules exhibit their ground state rotational transitions. Here, we focus on the brightness of the shock tracers SiO and 
HNCO, molecules that are liberated from dust grains under strong (SiO) and soft (HNCO) shocks. We find that their distribution down to the 3rd order is similar but 
that some regions exhibit remarkable differences. The largest differences are found for the gas that is currently moving along the bar and has not accreted on the 
x

2
 orbit yet. The shocks may have occurred when the gas enters the bar regions and the shock differences are likely a function of the cloud mass. Based on tracers 

of ionizing photons, it is unlikely that the morphological differences are due to selective photo-dissociation of the molecules. We also observe direct heating of 
molecular gas in strongly shocked zones, as measured by a high SiO/HNCO ratio, where temperatures are determined through the transitions of ammonia. Strong 
shocks appear to be the most efficient heating source of molecular gas, apart from high energy emission emitted by the central supermassive black hole Sgr A* 
and the processes within the extreme star formation region Sgr B2.  
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Top:
A principle component analysis shows that the shock tracers HNCO and SiO to first and second order trace 
the same gas. On smaller scales, however, there are differences. In the upper plot, the blue framed regions 
show strong HNCO emission but weaker SiO. In red we indicate a region that exhibits strong SiO but only 
shows weak HNCO emission. As there are only moderate UV and X-ray photon fluxes in the region (see the 
PDR tracers to the left), we assume that the difference is not due to PDR or XDR effects but due to the 
strengths of the shocks. We may thus witness a sequence of clouds that are created at the intersection of 
the Milky Way's bar with its disk. When the gas enters or moves along x

1
 orbits (see the Kim et al. 2011 

model below), it is shocked by cloud-cloud collisions by the self-intersecting orbits.  The shocked cloud is 
finally accreted on an x

2
 orbit. The accretion zone is the same position where we find the most vigorous star 

formation region in our Galaxy, Sgr B2. 
The shock strength could be  due to the mass of the entering cloud as we see more massive clouds to be 
more strongly shocked. The lower panel at the top is a gas temperature map as derived from NH

3
 emission. 

The strongly shocked region is hotter, which supports our scenario. 

Above: A Spitzer 
multi-color image 
of the Galactic 
Center. The dark 
features are dense 
molecular clouds 
in absorption 
(Image courtesy 
of Susan Stolovy). 

Right: A few 
molecular tracers 
as observed in our 
Mopra CMZ survey 
(3mm data). We 
indicate the 
physical condition 
that each 
molecule traces in 
the upper right 
corners (PDR: 
Photon-dominated 
region; XDR: X-
ray dominated 
region). The 
region is very rich 
in molecular lines 
and we were able 
to map ~20  and 
detect many 
additional lines, 
mostly in Sgr B2. 
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The CSIRO/CASS 
Mopra telescope in 
Australia was used 
for this survey 
(Jones et al. 2012)
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