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Background

Objects in the nearby universe provide the best means to
obtain a complete picture of baryon cycling for a
heterogeneous set of astrophysical conditions. This includes
the inflow of atomic gas into galaxies, the formation of
molecular structures, the birth of stars, and the expulsion of
gas from galaxies due to associated feedback processes. This
poster highlights how a “next-generation” Very Large Array
(ngVLA) operating in the frequency range of ~1 – 116 GHz
would be a groundbreaking tool to study the detailed
astrophysics of the “matter cycle” in the Milky Way and other
galaxies. If optimized for high brightness sensitivity, the ngVLA
would bring detailed microwave spectroscopy and modeling of
the full radio spectral energy distribution into regular use as
survey tools at an angular resolution of 0.1 – 1”. As described
here, this wavelength range includes powerful diagnostics of
density, excitation, and chemistry in the cold ISM, as well as
multiple tracers of the rate of recent star formation, the
magnetic field, shocks, and properties of the ionized ISM. To
make this facility revolutionary in this area requires a large
amount of collecting area on ~km baselines.

Resolving Hidden Power Sources: 
Finding and Measuring 

Massive Pre-Stellar Cores 

JVLA images of the NH3 transitions and continuum emission
from the massive protocluster G35.03+0.35 using the D-
configuration. While providing copious diagnostic information
like temperature and kinematics, it is extremely time-consuming
to push these types of observations to higher angular
resolution due to surface brightness sensitivity limitations. It
will take the ngVLA to make such investigations routine
and study lower-mass protoclusters.

Understanding the Physical/Chemical 
Evolution of Gas in all Phases 
via cm-Wave Spectroscopy

Unveiling the Hidden Universe 
through Full cm – mm 
Continuum Imaging

An 86 – 111GHz spectrum of NGC 253. The ngVLA will
have the sensitivity and bandwidth to quickly and
simultaneously image these lines at ≤1” across entire
galaxies and Galactic star-forming regions. These lines include
CO as well as SiO, NH3, HCN, HCO+, CS, and a host of other
molecules that have their fundamental transitions in the range
~1 – 116 GHz and are 10–100x fainter than CO. These lines
trace shocks, gas density, excitation, ionization and the UV
field, and offer the chance to harness the growing field of
astrochemistry as a main tool to understand the physics of the
ISM, star formation, and galaxy evolution.

The Need for High Brightness Sensitivity. A simulated
map of HCN at 1” in M51 based on scaling the PAWS CO
survey by Schinnerer et al. (2013) by a typical HCN-to-CO
line ratio (1/20). The structure of the galaxy is shown for
surface brightness sensitivities of 0.1K and 0.05K.

M51 is among the brightest nearby galaxies and HCN is
among the brightest diagnostic transitions other than the CO
lines. It is already clear that good surface brightness
sensitivity (i.e., <0.1 K) must be achieved quickly to make
multi-line microwave spectroscopy a regular survey tool.
With the proper distribution of collecting area, the ngVLA
could achieve high surface brightness sensitivity and coverage
of a huge part of the mm- and cm-wave spectrum
simultaneously, advancing the field significantly beyond ALMA's
already impressive capabilities.

Radio continuum observations have proven to be a workhorse
in our understanding of the star formation processes within
galaxies both in the nearby universe and out to the highest
redshifts. Above, a model galaxy spectrum illustrates the various
emission processes (non-thermal synchrotron, free-free,
thermal dust) that contribute to the observed microwave
frequency range to be covered by the ngVLA. Only in the
proposed ngVLA frequency range (~1 – 116 GHz) do all
major continuum emission mechanisms contribute at
similar levels, making this range uniquely well-suited for
isolating and characterizing the non-thermal plasma, ionized gas,
and cold dust content in the disks and halos of galaxies.

Radio free-free emission maps at ~30GHz provide a direct
measure of the ionizing photon rate associated with massive
stars without having to make simplifying assumptions about
internal dust extinction and [NII] contamination. These maps
yield robust measures for the star formation activity within
nearby galaxies disks on ∼1” (i.e., ~100 pc) scales. Such maps
will ultimately replace existing Hα maps as the workhorse for
studying the distributed star formation in nearby galaxies. Using
existing Hα narrow band data by Boselli & Gavazzi (2002), we
show the emission that would be detected at the 5σ level after
a ≈130 hr total integration with the current VLA (left) and
what the ngVLA will deliver after integrating for a total of
≈33 hr assuming 18m antennas (right). Achieving these
surface brightness sensitivities requires a substantial
amount of collecting area on short (~1km) baselines.
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