Which spectral lines trace what physical processes in the
Galactic Center? First results: line list and LTE modeling
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Motivation LTE Modeling

HOCO+v=0
} ------ CH3CNv=0

In the disk_ of the_ Milky Way, cer_tain molecules are used as "rule of thu.mb" tracers for Temperature/column density Assuming the same values for all
processes in the interstellar medium. Some example processes/tracers include: estimates from fitting CH5CN ladders molecules, produce full LTE model
« Outflows from protostars: high-velocity isotopologues of CO (carbon monoxide) .y 250 spwa7 data and model comparison (core), T = 151.0 K, 10g10(Nset) = 13.70
« Hot star-forming cores: CH;0OH (methanol), CH;CN (methyl cyanide) | ] o
. Low-velocity shocks: SiO (silicon monoxide), HNCO (isocyanic acid) . - HDCOV=0

« Dense gas: HCN (hydrogen cyanide), HCO+ (formyl cation)

------ CCSv=0
CH30Hv=0

In extreme environments like the centers of galaxies, these tracers fail. SiO is
observed in all clouds in the Milky Way's Central Molecular Zone (CMZ) so it cannot
serve as a unique outflow tracer like it can in the Galactic disk. The CMZ is very dense
(104 to 107 cm™3), so traditional dense gas tracers aren't useful to trace the densest
parts of the ISM. The same is true for tracers of hot cores and shocks; their emission
is widespread throughout the CMZ. We need unique tracers for star formation | | | | | | | |

processes that can be used in CMZs and starburst galaxies. e 2720 BT equency [GH2) 28 2620 28

Figure 4. Comparison of data (solid grey) and model (non-solid, colorful) spectra generated with XCLASS
in the maser core. Each molecule is modeled separately with XCLASS. The CH;CN J = 14 |ladder shows up
in the spectrum for the maser core. The temperature and column density used to generate the models are
very close to the estimates we gleaned from our initial CH5CN fitting, but these values likely do not apply
to all transitions of all molecules. This is why the strength of the model lines does not match the data.
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Detection of Methanol "Dasar" Transition at 107 GHz

CH30H 3; — 49 A+ at 107 GHz le5 CH30H 0p—1_; E at 108.9 GHz le5 108.9 GHz contours on 107 GHz image
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Figure 5. Comparison of 107 GHz methanol transition with nearby 108.9 GHz transition. All images are
integrated intensity maps. Right panel shows the integrated intensity map of 107 GHz transition with
contours of 108.9 GHz transition overplotted. Note spatial correspondence between absorption in the 107
GHz line with emission in the 108.9 GHz line. x's are 36 GHz methanol masers from Mills et al. (2015).

Figure 1. Integrated intensity maps (in units of Jy beam-! km s-1) of molecules near the water maser in
The Brick. Though there are a few molecules that have some coherence, many molecules reveal the
complicated underlying structure of the CMZ: multiple layers of turbulent material.
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Figure 6. Spectral extraction of regions within the area where absorption is occurring. Left: minimum

intensity map of 107 GHz transition. Right: spectra extracted from different regions in map: black solid line

is across whole map, blue dotted line is across —3.30 region, red dot-dashed line is across —-4.80 region.
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Figure 2. Left: three-color image of The Brick from Spitzer IRAC data (RGB = 8 um, 4.5 um, 3.6 um). The Fi - 0.0
_ - _ v , , _ gure 8. Exploration of the T R
circle shows our pointing and has a radius of 30". Right: same as left. +'s and x's are locations of 36 GHz behavior of the 107 GHz & I oo =
class I methanol masers from Table 2 in Cotton et al. (2016) and Table 4 in Mills et al. (2015) respectively. transition as a function of E R 0.2 ,®
column density N(CH50H) '% = U
and density n(H,). Modeled £ 04 =
using pyRADEX with a kinetic < ]
The Survey temperature of T, = 100 K. £ | E
The shaded region shows § —0.6 =
- - where we observe dasing. ¢ — 0
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