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Abstract
The preliminary concept for a Next Generation Very Large Array (ngVLA) calls for an interferometric array having an effective
collecting area and spatial resolution that are both 10 times better than that of the current VLA and operating over a frequency
range of 1-120 GHz. Given the large number of antennas needed to meet the collecting area goal, the ngVLA antenna concept
must strike a balance between competing science requirements and the programmatic targets for the array’s life cycle cost. While
previous work was centered around an 18m aperture, a strawman specification and concept for a 25m aperture, dual-offset
Cassegrain, feed low, alt-az pedestal based concept is proposed to strike this balance.

Preliminary	Specifications

Cost	Model
Reducing the operations cost of the ngVLA is a key requirement, and all projects are constrained
by the practicalities of a construction budget. In an effort to understand the relationships
between key technical parameters, cost, and performance of the array, an integrated
quantitative exchange model was developed.

The preliminary antenna requirements call for an aperture between 12m and 25m. A range of
10m to 35m was explored in the cost model in order to better understand the relationship
between aperture size and cost. As can be seen in the figure below, the array construction cost
reaches a minimum at around 23m diameter apertures (given the other parametric constraints
chosen for this iteration of the model), while total lifecycle costs (after 30 years of operation)
are minimized at a 32m aperture antenna. When weighing the operation cost, construction cost
and scientific performance, this suggest we should focus on antennas in the 18 to 25m aperture
range for the conceptual design.

Parameter Specification Science	Performance
1 Frequency	Range 1-120	GHz
2 Primary	Diameter 25m	in	plane	(25x28m	physical size) 12m	to	25m	meets Sci.	Requirements
3 Secondary	Diameter 3.4m in	plane	(3.4x4.5m	physical	size)

15-degree	illumination	angle	at	focus.
Size for	optimal	performance	above	10GHz.

4 Number	of	Antennas 155 10	times	VLA	effective	collecting	area	at	30	GHz
5 Surface	Accuracy Precision	Operating	Conditions

160	µm	rms (λ/16	@	120	GHz),	primary	and	
subreflector combined.

Secondary	Operating	Conditions	
300	µm	rms ,	primary	and	subreflector
combined.

Precision	Operating	Conditions
Effic.	Loss:	99%@10	GHz

96%	@30	GHz
52%@120	GHz	

Secondary	Operating	Conditions	
Effic.	Loss:	98%@10	GHz

87%	@30	GHz
10%@120	GHz

6 Pointing	Accuracy Precision	Operating	Conditions
Absolute	pointing:			25	arc	sec	rms
Referenced	pointing:		2	arc	sec	rms
(	4	deg angle,	15	min	time)	

Secondary	Operating	Conditions
Absolute	pointing:		42	arc	sec	rms
Referenced	pointing:	3.5	arc	sec	rms
(	4	deg angle,	15	min	time)	

Precision	Operating	Conditions
Absolute	pointing:		Beamwidth/10	at	10	GHz	
Referenced	pointing:	Beamwidth/10	at	120	GHz	

Secondary	Operating	Conditions
Absolute	pointing:		Beamwidth/6	at	10	GHz		
Referenced	pointing:	Beamwidth/15	at	50	GHz	

Parameter Specification
7 Axis	Tracking	Range Azimuth: ± 270	deg.	(± 225	deg.	minimum)

Elevation:	5	deg.	to	89.5	deg.

8 Axis	Rate Slew:	Azimuth		180	deg./min.,	Elevation	90	deg./min.
Fast	Switching:	Move	4	degrees	on	sky	and	begin	observing	in	10	seconds

9 Antenna	Geometry Dual	Offset	Cassegrain	with	feed	arm	on	bottom.	(Preferred geometry)
Note:	Have	not	ruled	out Offset	Gregorian	with	feed	arm	on	bottom.	

10 Antenna	Pedestal Alt-Az	pedestal	with Azimuth	bearing.	Pedestal	shall	include	mechanical	and	power	interfaces	
for	relocation.	Transportation	on	a	rail-based	transporter	over	distances	up	to	25	km	allowed.	
Note:	Have	not	ruled	out	wheel	and	track	for	Azimuth	axis.	Transportability	requirement	is	still	
being	studied.

11 Environmental	
Conditions

Survival	Conditions	at	Stow	Position:		wind≤	50	m/s,		temperature	≥	-40	C,	2.5	cm	radial	ice,	25	
cm	snow	in	dish.	2.5	cm	diameter	hailstones
Precision	Operating	Conditions:		Night	time	only,		wind	≤	7	m/s,	temperature	≥	-15	C,	no	
precipitation.
Secondary	Operating	Conditions:		Day	and	night,	wind	≤	10	m/s,	temperature	≥	-15	C,	no	
precipitation.	Note:	Wind	and	temperature	limits	of	Operating	Conditions	are	still	TBD.	

12 Misc.	Requirements *	Note	emphasis	on	low	operation	and	maintenance	cost	for	the	antennas.	
*	Direct	solar	observations	allowed.
*	Antennas	at	remote	sites		must	use	single	phase	power.
*	30	year	design	life.
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Another conclusion from the cost model exercise is a preference for unblocked apertures. An
unblocked aperture minimizes the aperture diameter for an effective collecting area. The
reduction in spillover contribution to system temperature and scatter also appreciably adds to
system sensitivity. While the dual offset Cassegrain configuration proposed does have a little
aperture blockage, the lower spillover temperature leads to maximum sensitivity compared to
the other options explored at a 25m nominal aperture.
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High pointing accuracy will be necessary to provide the imaging dynamic range required of the
system. With an unblocked aperture, variations in the antenna gain pattern are expected to be
dominated by pointing errors. Preliminary requirements are for an absolute pointing accuracy
of 25” RMS, with referenced pointing of 2” RMS (Beamwidth/10 at 10 GHz and 120 GHz,
respectively, for a 25m diameter dish) during precision operating conditions.

It is proposed that the antenna mount be a typical altitude-azimuth design. A decision has not
yet been made on the need for reconfigurable (movable) antennas. A pedestal bearing is
expected to be more easily reconfigurable and is preferred, but given the relatively large 25m
aperture and tight pointing requirement, a wheel-and-track pedestal may be required and is
still under consideration.

Design Considerations
Antenna diameters currently under consideration for the ngVLA are in the range of 12-25m.
While previous work has proposed an 18m aperture for the conceptual design, the optimization
for operations and construction cost suggests that a smaller number of larger apertures is
preferable. Here we show a conceptual design for a 25m aperture. As the science case is further
developed, should a greater emphasis be placed on the field-of-view, array survey speed, or
pointing performance, this may shift the performance balance towards smaller apertures or
other optical configurations.

For high dynamic range imaging, particularly at the low end of the ngVLA’s frequency range, the
optimum optical configuration is an offset geometry. An unblocked aperture will minimize
scattering, spillover, and sidelobe pickup. Both performance and maintenance requirements
favor a receiver feedarm on the low side of the reflector. Array operation costs also appear to
be minimized with an offset geometry with a low feedarm. System sensitivity is maximized with
a dual offset Cassegrain geometry with a low feedarm, which has a low spillover contribution to
system temperature and only a small amount of blockage, as illustrated in Figure 2 below. The
Gregorian configuration with low feedarm and a radiation shield is also competitive.

Figure	1:	Sketch	of	the	25m	aperture	dual-offset	Cassegrain,	feed	low,	alt-az pedestal	based		
antenna	concept	for	the	ngVLA.	

10 15 20 25 30 35

Ar
ra
y	
Li
fe
cy
cl
e	
Co

st
s	(
$)

Antenna	Diameter	(m)

Array	Lifecycle	Cost	vs.	Antenna	Diameter

Operation	Total	($,	30yrs)

Construction	Total	($)

Figure	4:	Optical	cross	section	of	the	dual-offset	Cassegrain	concept.	The	receiver	package	is	
accessible	from	the	ground	level	when	the	antenna	is	pointed	at	the	horizon.	

Figure	2:	Spillover	as	a	function	of	elevation	for	various	optical	configurations.	Abbreviations:	
LO	=	low	feedarm position,	HI	=	high	feedarm position,	CAS	=	Cassegrain	geometry,	

GRG	=	Gregorian	geometry,	SHLD	=	radiation	shield	to	minimize	spillover	to	low	elevations.

Figure	3:	Array	lifecycle	cost	(construction	+	30yr	operation)	vs.		antenna	diameter	holding	total	
effective	collecting	area	constant.


