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The ngVLA

Motivation

The ngVLA is a concept for a
future radio telescope with
a large collecting area,
broad frequency coverage,
and maximum baselines of
at least several hundred km.

Cosmic importance of AGN feedback
AGN feedback driven by radio jets or radiative winds
influences galaxy evolution by regulating the star
formation rate and efficiency of the host galaxy

•
•

outflow

1 kpc

HST + JVLA

Figure 1: Radio jet + outflow of the nearby lenticular
galaxy NGC1266. Left: The background colorscale
shows an HST J-band image (Nyland et al. 2013) and
the white contours trace VLA 5 GHz data from Nyland
et al. (2016). Right: The CO(2-1) CARMA data CARMA
highlight the molecular outflow (Alatalo et al. 2011).

AGNs in Lowmass Galaxies

Sensitive, high-resolution ngVLA images will distinguish
between MBH seed formation models by constraining the
occupation fraction of nuclear MBHs in low-mass galaxies

Quasar Winds

The ngVLA’s frequency range is ideal for observations of
the Sunyaev-Zeldovich decrement associated with hot
thermal bubbles predicted by quasar feedback models

Angular Resolution:
∼10 mas at 15 GHz

Collecting Area:
300 X 18m dishes

Multi-phase Jet-driven Outflows
NGC1266

Young Radio
AGNs

The broad frequency range of the ngVLA will facilitate
radio AGN spectral age surveys needed to place jetdriven feedback in the context of galaxy evolution

1-116 GHz

Physics: How do radio jets transfer energy and
impart feedback to their surroundings?
Formation: How did the first massive black holes
(MBHs) form at high redshift?
Evolution: How does the role of AGN feedback
change as a function of time & galaxy properties?

CO(2-1)

Multi-phase Jetdriven Outflows

Spectral line + continuum ngVLA data will probe the
energetic imprint of jet-driven feedback on both the
atomic and molecular phases of the ISM of AGN hosts

Frequency Coverage:

Key Open Questions
•

A Transformative Tool for AGN Science

★ The ngVLA will
constrain the
prevalence of jetISM feedback and its
role in shaping
galaxy evolution
★ For z < 0.1, HI
absorption + CO(1-0)
will trace outflows
★ Low-J CO lines will
trace outflows over a
wide range of z

See poster 342.27

Simulated Observations

Jet Angular Size Scales
Figure 3: Observed jet angular size as a function of z. The black solid lines
trace the z dependence of the jet angular extent for intrinsic extents from
0.1 pc to 1 Mpc. The dashed colored lines show the maximum angular
resolution (assuming Bmax = 500 km) at the center of each ngVLA band as
defined in Selina & Murphy (2017). The magenta stars highlight 3
representative sources with intrinsic jet extents of 10 pc, 1 kpc, and 150
kpc. The source redshifts correspond to those of the simulated ngVLA
maps at z ∼ 0 (D = 10 Mpc), z = 0.2, and z = 1.0, respectively (see Figure 5).

Figure 4: Left: Antenna configuration
(“Southwest Array”) used in our ngVLA
simulations consisting of 300 X 18m dishes
centered in a dense core at the location of
the current VLA. The longest baselines
span ∼500 km in the north-south
direction. Right: uv-coverage of a
simulated northern source at δ ≈ +36°.
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See poster 342.10
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Figure 2: Example JP model
(Jaffe & Parola 1973) spectral
ages of a typical radio AGN
calculated using the BRATS
software (Harwood et al.
2013). The left and center
panels correspond to z = 0 and
z = 1, respectively. The fluxes
have been arbitrarily scaled.

★ The ngVLA is the only next-generation radio telescope capable of
modeling the ages of young, low-z sources less than 10 Myrs old.
★ Given frequency coverage down to 1 GHz, the ngVLA will also be
able to model the ages of sources as old as 30–40 Myrs at z ∼ 1.
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★ The ngVLA will survey NGC404 analogs (low-mass/low-accretionrate MBHs) in dwarf galaxies over the local volume (D ∼ 10 Mpc)
★ Future ngVLA observations will also constrain the possibility of AGN

Figure 5: VLA (A-array) and ngVLA
simulations of redshifted analogs
of 3 real radio AGNs representing
a wide range of jet spatial scales
from tens of pc to hundreds of
kpc. The simulations are noisefree, and were designed to assess
the suitability of the configuration
(Figure 4) to capture the complex
structures in our input models.
The simulations were performed
at 15, 5, and 6 GHz for NGC404,
NGC1266, & 3C28, respectively.

Table 1: Feasibility of ngVLA and VLA Simulations

★ The unique capabilities of the ngVLA are best utilized by
studies of compact radio jets (a few pc to a few kpc).

For further details, see our ngVLA white paper
(Nyland et al. 2018; submitted to ApJ)
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AGNs in Low-mass Galaxies
Figure 3: HST, VLA, Chandra and
ALMA data identify a rare
confined radio jet launched by
the active nucleus of the dwarf
galaxy NGC404 (Nyland et al.
2012, 2017), which harbors the
lowest-mass central MBH with a
dynamical constraint known (<
150,000 M⊙; Nguyen et al. 2017).
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not spatially resolved by simulation

★ VLA detections of redshifted analogs of NGC404 & NGC1266 are
feasible, but only the ngVLA can spatially resolve their structures
★ For extended sources like 3C28, significant uv-tapering of the
ngVLA data are nececessary to increase the surface brightness
sensitivity so that the on-source integration time is feasible.

Nyland et al. 2017

feedback driven by sub-million M⊙ MBHs predicted by recent
galaxy evolution models (e.g., Hartwig et al. 2017)
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