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Executive Summary

The goal of this Astro2020 decadal white paper is to highlight a scientific opportunity in the
Galactic Bar. The dust lane features are thought to mediate the flow of material from the
Galactic Disk towards the Galactic Center, fueling the extreme environment found within
the Central Molecular Zone region (hereafter, CMZ). The study of these dust lanes features
is, therefore, critical for our understanding of the mass, energy and chemical evolution and
transport across the Galaxy.
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1 Introduction

The characterization of bars within spiral galaxies has advanced significantly in recent
years with the advent of high spatial resolution infrared and optical observations (e.g. in-
frared: SINGS and Kingfish). One particularly striking feature recognizable within these
bars are the dark dust lane features obscuring the bright stellar emission. Figure 1 shows a
Hubble three color image of the barred Galaxy NGC 1300, where the dust lane features are
easily visible.

Theoretical studies of external galaxies indicate that accretion towards the Central Molec-
ular Zone (CMZ) mainly occurs along these dust lane features. This inflow determines the
star formation rate in the CMZ (e.g., Longmore et al. 2013, Kruijssen et al. 2014) and affects
the chemical and dynamical evolution of the stellar bulge and bar over secular time-scales
(e.g., Norman et al. 1996, Kormendy & Kennicutt 2004, Cole et al. 2014, Debattista et al.
2017). The inflow may also fuel the super-massive black hole at the centre, although it is
currently unclear how the gas migrates from the CMZ (R ∼ 102 pc) down to the accretion
disc at much smaller radii (R ∼ 10−3 pc; e.g., Phinney 1994, Hopkins & Quataert 2010,
Emsellem et al. 2015, Li et al. 2017). Finally, the gas can act as a fuel for any large scale
outflows (e.g., Su et al. 2010).

Figure 1: An annotated three-color image showing the dust-lane features within the barred Galaxy
NGC 1300. The dust lane features are formed by the flow of gas from the Spiral arms towards the
extreme Galactic Center (or central molecular zone) region. The background Hubble image was
created using F435W (B), F555W (V), F814W (I), F658N (H-alpha) filters (Fisher, David B. et al
2008AJ....136..773F).
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Figure 2: The high-lighted regions illustrate the dust lanes located in the Milky Way’s Galactic
Bar from Sormani & Barnes (2019), their Figure 1. Top: Dust lane positions projected on the sky.
Bottom: Observed line-of-sight velocity of the dust lanes. The warping of the Galactic Bar above
(red; far side dust-lane) and below (blue; near side dust-lane) the Galactic plane is visible in the
top panel.

1.1 The Milky Way Galactic Bar Dust-Lanes

The Milky Way galaxy has been known to contain a bar for several decades (Binney et
al. 1991), and is therefore expected to contain similarly extinct dust lane regions, seen in
Figure 1, if visible face-on. Obstruction of the inner regions by material within the Galactic
plane makes the identification of such regions very difficult. The combination of simulations
and observations have, nonetheless, made progress in linking features present within CO
datacubes (phase-space: l, b, vlos) to the physical three-dimensional dust lane features (e.g.,
Fux 1999, Marshall 2008, Li et al. 2016, Sormani et al. 2018). Figure 2 shows the spatial
and spectral location of gas suggested to be associated within the Bar. The velocities of the
bar are much more extreme (|v| > 150 km s−1) than gas in the Galactic Disk. Additionally,
the warping of the bar above and below the Galactic plane means that this gas is not usually
included in molecular line surveys.

2



2 Open Science Questions:

The following section discusses several open science questions that can be addressed with
the improved capabilities coming online in the next decade.

1) Is the Galactic Bar the missing link between the Galactic Disk and CMZ?

The CMZ is known to have extreme molecular gas properties (e.g. high temperatures:
50−200 K) in comparison to the Galactic Disk (10−20 K) and are typically 10−100 times
denser. However, the cause for these extreme properties is not currently well understood.
Furthermore, it is not clear how these environmental properties translate onto the funda-
mental physical processes occurring within the CMZ. The study of these dust lanes features
is, therefore, important for our understanding of the mass, energy and chemical evolution
and transport across the Galaxy. For example, the star formation efficiency per unit of dense
molecular gas within the CMZ is orders of magnitude below what is observed within the disc
of the Galaxy. Two possible causes of this discontinuity between the disc and CMZ are:
1) that the gas clouds entering the CMZ have different initial conditions for star formation
imparted by their travel along the dust lane, or 2) these properties are a result of their
interaction when reaching the CMZ. Sensitive, multi-scale observations of the Galactic Bar
dust lanes can give insight into this possible missing link between the Disk and CMZ by
addressing the following two questions.

2) What are the properties of the gas flowing along the Galactic Bar?

We know that gas in the CMZ is chemically rich, exhibiting many molecules across 100
pc scales that are not usually seen outside of the CMZ, with the exception of hot molecular
cores on 0.1 pc scales. Does this gas enter the CMZ already chemically enriched, and if so,
is it enriched during its travel along the bar? We know little about the star formation along
the bar because of the difficulty of associating distances with star forming complexes along
inner-galaxy lines of sight. However, by analogy with external galaxies, we can infer that
the rate is low. We need to assemble a Kennicutt-Schmidt plot of gas in the Galactic bar to
assess the star formation rate of the infalling material.

3) What is the star forming potential of the Galactic Bar dust lanes?

The current assumption made by the vast majority of dust lane models, and the CMZ
evolution models, is that the gas travels along the dust lanes without forming any stars
and enters the CMZ in a more-or-less quiescent state (e.g., Sormani et al. 2018). This is a
reasonable assumption, given the extreme shear forces that the gas experiences as it rapidly
travels along the dust lane. However, some of the gas could be gravitationally bound and
therefore possibly forming stars. Virial analysis on the dense clumps, identified in Question
2, will allow us to determine if these cores are gravitationally bound and, if so, what their
the free fall time scale is. Further, given that the large total estimated mass within the dust
lanes (∼ 107 M�), if only a small fraction of this material was to be forming stars, this would
present an issue for many current models for galactic and Galactic Center dynamics.
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Figure 3: Distribution of dense gas and star formation activity tracers within the inner 20◦ of the
Galaxy (Longmore et al. 2013). Black circles mark the positions of the HII regions, blue crosses
show methanol masers and red plus symbols mark water masers. NH3 (1,1) (bottom) and H69α
(second-bottom) integrated intensity emission is displayed using a square-root image stretch. The
tracers and their function as either a dense gas or star formation activity tracer are labelled at
the right-hand edge of the bottom row. The CMZ can be seen as bright, extended NH3 (1,1)
emission from longitudes of roughly 358◦ to 2◦. The dust lane features can not be identified within
this survey given the limited extent in observed latitude. The NH3 maps show have been used to
estimate the required sensitivity of the proposed observations.

3 Current Observations & Observational Goals

The Galactic Plane has been observed across the full electromagnetic spectrum. However,
short wavelengths are absorbed by the dust in the Galactic Disk. Most of the molecular line
surveys focus on the inner 1◦ slice of the Galactic Plane (e.g., HOPS survey, Figure 3). The
warping of the Galactic Bar above and below the plane (shown in Figure 2) indicates that
several regions along the dust lane are not included in these studies. The early surveys that
included these regions are low sensitive and resolution and are unable to fully address the
science questions indicated above. In the upcoming decade we would need the following
parameters to address the open science questions indicated on the previous page:

• Full Galactic Bar Survey ∼ A large survey of dense gas (e.g., NH3, HCN, etc) covering
the Galactic Bar dust lanes is currently missing within the literature, and is drasti-
cally needed to fully answer the open questions outlined in Section 2. This survey
should consist of both single-dish (to recover the total power) and interferometer (for
high-spatial resolution information) observations. Single dish observations can detect
low surface brightness clouds that can then later be followed up by higher resolution
interferometric observations.

• Full velocity coverage at high spectral resolution ∼ The high velocities of the dust lanes,
separated by ∼500 km s−1 (see Figure 2), need large bandwidth to fully cover the whole
velocity range. These spectral observations of the full Galactic Bar survey, discussed
above, must also have high spectral resolution channels to fully sample the narrow line
widths of the galactic clouds. Current observations are limited by either wide velocity
range or high spectral resolution.
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• Observational synergies ∼ Linking the capabilities of different telescopes to full probes
the conditions on different scales and at different wavelengths. This will include the
currently available radio facilities such as the GBT + VLA in the short term, and
the next generation of facilities when operational. Moreover, such an analysis will not
be limited to radio observations, synergies with infrared (e.g., HI-gal; hot embedded
protostars) and x-ray (e.g., Chandra; high energy photons from supernovae) telescopes
will be critical part for several science goals: e.g., studies of any embedded stellar
population (recent or old) that reside within the dust-lane clouds.

4 Recommendations

Below is a list of recommendations needed to address the Science Questions in Section 2
and Observational Goals in Section 3.

• Support for Large Single-Dish Instruments

Large single-dish instruments are essential for observing low surface brightness objects,
like faint molecular clouds. Single-dish telescopes are also able to recover the total
power which is need to accurately measure spectral line values. Support for these
types of instruments are necessary in the next decade to accurately map the Galactic
Bar.

• Support for High-Resolution Interferometers

Radio interferometers provide high-resolution spatial information of cloud cores/regions
that can be combined (i.e., feathered) with single-dish observations to provide full cov-
erage of the UV plane. Support for these instruments must be continued through the
next decade to provide small spatial scale information of these regions located on the
dust lanes.

• Development of Multi-Pixel Receivers

The development and support of multi-pixel receivers are necessary to survey large
structures in the sky more efficiently. Due to the large amount of time required to
complete them, large surveys can be quite costly. However, multi-pixel receivers can
reduce the time needed to observe by a significant fraction. The development, support,
and expansion of these multi-pixel receivers are necessary for (a good investment for
telescopes as they can use the observing time more efficiently).

• Wider Spectral Bandwidth

The high velocities of the dust lanes (separated by ∼500 km s−1), along with the narrow
line features of the gas components (∼1 km s−1), makes observing these features in
multiple lines challenging. Improving the spectral bandwidth on backend spectrometers
can will allow for observing wide velocity features at high spectral resolution and/or
obtaining multiple spectral lines in a single spectral band.
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