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Background
The Next Generation VLA (ngVLA) aims to provide a revolutionary increase in cm-
wavelength collecting area and sensitivity, while at the same time providing excellent
image fidelity over a wide range of spatial scales. Most radio interferometers feature
movable antennas, facilitating reconfiguration of the telescope for different science
goals. In order to reduce costs, current designs of the ngVLA assume most or all of
the antennas have fixed locations. The choice of array configuration is thus of key
importance to address the diverse range of science cases the community wishes to
pursue. One important trade-off is long baselines (for resolution) vs. short baselines
(for accurate imaging of resolved structures).

The work presented here is largely described in ngVLA memo #12, which considers
the performance of a 300 element array of 18-meter antennas extending to
approximately 150km radius with with two different nominal configurations. These
configurations have differeing core-concentrations: 20% (“original”) vs. 40% (“core”)
of the antennas in a 0.6km radius core. We stress that these configurations concepts
are by no means final and will ultimately be driven by science requirements.

In neither case is the naturally weighted beam suited to high fidelity imaging at full
resolution. We consider two performance metrics:

(i) the noise penalty due to visibility weighting that is required to achieve
both high angular resolution and high fidelity imaging, relative to natural weighting.

(ii) the mapping speed for large scale structures of the compact core.

Finally we investigate what total power (single dish) data would be required to
complement the (ngVLA) interferometric data using these configurations with high
fidelity imaging of very large scale structures.

In terms of core mapping speed, the 40% core ngVLA configuration has a mapping speed a factor
2.8 faster than the most compact ALMA configuration (ALMA-out01), and a factor 13 times faster
than the ALMA-out09 configuration. The 1" resolution of ALMA-out09 at 90 GHz has been deemed
critical for studying the ISM of nearby galaxies (Leroy et al 2016, ngVLA memo #6); in terms of
ALMA Cycle 4 configurations, these two reference ALMA configurations are closest to C40-1 and
C40-4. The same factors for the 20% core configuration are 0.6 and 4.2, respectively.

Mapping Speed Relative to ALMA

Impact of Logistical/Geographical Considerations

Here we take an initial look at the impact of the “core” configuration imaging performance when cost impacts are considered
(existing roads, power, fibers, etc.) in locating the long-baseline stations outside of the existing VLA Y. This configuration
additionally has a few long North-South baseline options extending into Mexico if higher resolution is desired for southern
declinations. We find that such a configuration does just as well as the idealized “core” configuration, and might even have
a significant advantage over the ring in terms of inner side-lobe suppression.

JVLA: Good 3mm site, elev. ~ 2200m

40% in core:  b < 3km  ~ 1” at 30GHz
70% in mid:   b < 30km ~ 0.1” 
100% in long: b < 500km  ~ 0.01”

Full:	500km

Core:	1km
Y:	20km

The Power of the Core
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Antenna positions on two different scales for
the ”original” and “core” configurations. The
top row shows positions out to 3km, while the
bottom row show positions of the full
idealized array.

UV coverage on two different scales for the
”original” and “core” configurations. The upper
row illustrates baselines to 600m while the
bottom row shows the full array.

The cumulative number of visibilities (in
units of 1000) versus baseline length for
the “original” and “core” configurations
for a snapshot observation at zenith.

Imaging performance comparison between
the “original” and “core” configurations
for different Robust weightings Initial
analysis suggests that the (Jy/bm) noise
penalty to achieve both high angular
resolution and a reasonably behaved PSF
is a factor 1.9 and 2.4, for the 20% and
40% core, respectively.

Synthesized beams for different
Robust weighting schemes for the
“original” (top row) and “core”
(bottom row) configurations. Values
for inner sidelobes are given in the
above table. Color scales are the
same in all plots. Natural weighting
will obviously not be useful for high-
fidelity imaging of compact
structures. Still, it is encouraging that
the noise penalty using close to
Uniform weighting to achieve high
angular resolution and a reasonably
behaved PSF is only roughly a factor
two.
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Total Power Considerations
Cumulative number of visibilities (in units of 1000), versus
base-line length for the “core” and “original”
configurations, compared to the VLA-D configuration, and
two final ALMA configurations (50 antennas): out01 – most
compact configuration; and out09 – configuration that
gives roughly 1" resolution at 90GHz. These are for a
snapshot observation at zenith.

Some investigations require sensitivity to more diffuse, large-scale emission than the shortest expected ngVLA baselines can
efficiently measure, such as can be provided by suitable single dish (“total power” or “zero spacing”) data. For optimal image
quality such single-dish (SD) data need to have: a) sufficient spatial frequency overlap with the interferometer; & b)
comparable sensitivity. The minimum spatial frequency overlap is provided by a SD of diameter 1.5x to 2x the shortest
interferometer baselines; this criterion corresponds to about 27m (1.5x) to 36m (2x) for these NGVLA configurations. An
appropriate criterion for sensitivity is to match the map sensitivities in Kelvin when the interferometer map is tapered to the
single dish resolution. We assume equal system temperatures & correlator efficiencies, and a single feed per antenna (for
both the SD and the interferometer)
The ratios of required SD to interferometer integration time we
calculate are in the Table (left). The effective number of
baselines for the given uv-taper is computed as:

where the taper weights are:


