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Abstract

The Next Generation Very Large Array (ngVLA) is envisioned to be an interferometric array with
10 times the effective collecting area and 10 times higher spatial resolution than the current
VLA, operating over a frequency range of 1.2-116 GHz. Achieving these goals will require about
300 antennas of nominally 18m diameter (or alternatively, ~¥155 antennas of 25m diameter) on
baselines of 300km. Options for the optical configuration of the antennas and possible receiver
configurations to cover the ngVLA frequency range are presented.

The options for the antenna optics take into account performance, cost, receiver accessibility for
maintenance purposes, and receiver distribution in the focal plane. Both on-axis and off-axis
configurations are considered. The off-axis design has the advantages of higher gain, low near-in
sidelobes, lower antenna temperature, and reduced standing waves. The main advantage of the
on-axis configuration is its lower cost. The trade-off between subreflector opening angle and
feed size is presented. The performance of different dual-offset reflector geometries is
summarized.

The ngVLA receivers will be cryogenically-cooled with cryostats integrating multiple receiver
bands for reduced maintenance and operating costs. The total number of bands required
depends on their fractional bandwidth: maximizing this reduces the band count and number of
cryostats, but with a penalty in sensitivity.

Receiver Concept:

* 6 receiver bands, 3 dewars (full frequency range)
* 4 receiver bands, 1 dewar (11-116 GHz)

* Waveguide-bandwidth (~1.66:1) feeds and receivers > 11 GHz

* Corrugated Gaussian feed horns for optimum illumination efficiency
* Feed horns cooled to ~20K on highest two bands (Q, W)

* Packaged in a single, moderately-sized dewar

* Performance slightly better than comparable EVLA receivers

* Wideband (~3:1) feeds and receivers < 11 GHz
* Assumes CSIRO ATCA spline-taper feed + OMT, LNAs (Granet, Dunning et al)

Feed Horn .
Band | Dewar | fi fu fu ff | BW Properties omr | Pol Aperture Eff., na Spillover, K
# # GHz | GHz | GHz | '’ | GHz : : Out
Temp| L, in. |ID, in. @fi | @fu| @fu| @f | @fu| @ f
1 A 1.2 2.1 3.6 | 300 | 24 | 300 |106.7| 444 | QR Lin. |062|072|078| 10 | 3 3
2 B 3.6 6.2 | 10.8 | 3.00 | 72 | 300 |356 | 148 | QR Lin. |062|072|078| 3 3 3
3 C 11 14.1 18 1.64 7 300 | 16.1 | 95 | WG Lin. |0.88| 087|087 3 3 3
4 C 18 23.2 | 30 1.67 12 | 300 | 9.87 | 5.80 | WG Lin. |0.87 | 086|084 3 3 3
5 C 30 38.7 50 1.67 20 20 | 592|348 we Lin. |0.84|081|076| 3 3 3
6 C 70 90 116 | 1.66 46 20 | 254|149 | we Lin. |062| 051|037 3 3 3
Band | Dewar Tina, K Trx, K Tsky, K Tsys, K (Tsvs/na), K
# # @fi | @fu | @fu | @ft | @fu |@Cf|@fi|@fu| @fu | @fi |@fu|@f|@fi |@fu| @fu
1 A 2.5 2.8 5.2 8 6 9 |44 | a5 | 46 22 14 | 17 | 36 | 19 | 21
2 B 8 6.5 7.5 12 10 12 | 46 | 47 | 51 20 18 | 20 | 32 | 25 | 26
3 C 5 6 7 10 11 12 | 51 | 57 | 7.8 18 20 | 23 | 21 | 23 | 26
4 C 7 8 10 12 14 18 | 7.8 | 209 | 11.1 23 38 | 32 | 26 | 44 | 38
5 C 10 12 14 18 22 28 | 111|163 | 625 32 41 | 94 | 38 | 51 | 123
6 C 29 26 40 39 41 60 | 75 | 27 | 123 | 117 | 71 | 186 | 189 | 140 | 502
Figure 1. ngVLA Baseline Receiver and Feed Parameters
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Figure 2. Predicted Relative Sensitivity of Baseline Receivers

Band 3-6 Dewar Concept

* Cylindrical dewar, with feeds & receivers arranged in a circle, no tilt

* Coplanar phase centers for each pair of warm (Bands 3,4) and cooled
(Bands 5,6) feed horns

* Band select requires rotation & translation on/along dewar cyl. axis

* Dewar vessel dimensions (ID x H): ~540 x 340 mm

* Radiation shield dimensions (OD x H): ~490 x 290 mm

* Multi-layer insulation (MLI) over radiation shield (not shown)
* Single CTI M350 cold head (or M1050 run at reduced speed)

Figure 3. See-through top view of Band 3-6 dewar+feeds

Figure 4. Cutaway side view of Band 3-6 dewar+feeds
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Figure 5. Beam patterns at 1.6 GHz in the 452-plane

General Assumptions

* Near-continuous frequency coverage from 1.2 — 116 GHz
* Large gap from 50-70 GHz, due to atmospheric absorption
* Optimum overall sensitivity above 10 GHz, less so from 1-10 GHz

* LNAs in all bands are cryogenically cooled to ~20K
* Linearly-polarized outputs
* VLA site typical weather, nom. 45 degree elevation angle

* Antenna has unblocked aperture (offset geometry), shaped optics,
low spillover by design, ~185um RMS surface accuracy

Below 11 GHz, waveguide-bandwidth receivers are not
practical from an operating cost perspective, due to the
large number of receiver/feed combinations needed for a
~9:1 frequency range.

A more viable alternative is a pair of 3:1-bandwidth
receivers, using smooth-walled feeds, cooled OMTs and
wideband LNAs. Aperture efficiency and cross-polarization
performance are somewhat degraded, but with significant
operational cost savings from fewer cryostats required.

Bands 1 & 2 Feeds and Receivers

* Smooth-walled, spline-taper feeds trade off cross-polarization
performance for wider bandwidth (~3:1)

* Feed phase centers of Bands 1 & 2 are coplanar with optical focal
point on Bands 3-6, and all located on a circle of radius ~2.5m.

* Would require a large turntable to rotate individual feeds into the
focal point (for offset feed geometry).

* EVLA L-band and C-band receivers shown to represent approximate
size of wideband receivers.

* Each receiver uses a single CTI 350 cryocooler

Figure 6. All dewars+feeds, in plane of rotation for selection

The opening angle of the subreflector is 302. Main reflector
offset distances are 13.5m and 15.0m for the Gregorian and
Cassegrain antennas, respectively. The Cassegrain sub-
reflector is 4.5m in the symmetric plane, compared to 3.4m
in the Gregorian case. The Cassegrain subreflector causes a
small blockage, about 1.3% of the area of the main
reflector. Even with the blockage, the efficiency for the two
cases are nearly the same. Larger opening angles for the
subreflector are also under study. For a 362 subreflector,
the feed horn aperture is 24% smaller and the length is
shorter by about 27%. However, the disadvantages are that
the rise in the spillover occurs at a larger elevation angle for
the Gregorian case and the subreflector size gets larger in
the Cassegrain case, resulting in increased blockage. Figure
5 shows the calculated beams at 1.6 GHz of the two
antennas shown in the concept designs.

Optics Design:

A dual-offset reflector system is the current choice for the antenna concept. In addition to the
advantages of higher gain, low near-in sidelobes, lower antenna temperature, minimized standing
waves, etc., this design will provide sufficient real estate for accommodating the receiver cryostats.
Shaping the secondary reflector to provide nearly uniform illumination across the aperture of the
primary in order to maximize gain/system temperature is a likely option. The primary will be shaped
to deviate from a parabola to produce constant phase distribution across the aperture of the
antenna. The offset antenna design has 4 possible configurations: the feed arm situated either low
or high when the antenna is pointed at horizon and a Cassegrain or Gregorian subreflector. The
contribution to spillover temperature calculated at 1.4 GHz as a function of elevation angle of the
antenna for the 4 cases are shown in Figure 7. These graphs are for an antenna with a 100m main
reflector and a 7.5m subreflector.
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Figure 7. Total spillover temperature at 1.4 GHz for a 100-m dual-offset antenna.

The Cassegrain subreflector with high arm (HICAS) and the Gregorian with low arm (LOGRG) have
rapidly rising spillover at lower elevation angles. While the case of Gregorian with high arm (HIGRG)
has a constant spillover of about 8K, the Cassegrain with low arm (LOCAS) has the lowest spillover
temperature. For ease of servicing of the receivers, it is best to have the arm situated low. Using a
Gregorian subreflector results in a completely unblocked aperture and a smaller subreflector. For
these reasons, both Cassegrain and Gregorian subreflectors are under consideration. For the
Gregorian case, a ground blocking shield is required.

A design concept for offset Gregorian and Cassegrain antennas is shown in Figures 8 and 9. While
the antenna diameter was originally envisioned to be 18m, a recent optimization of array
construction and operations costs suggests a diameter of 25m is more economical. The subreflector
sizes indicated in the figures are large enough to keep the diffraction loss low at the lowest
frequency of operation..
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Figure 8. 25-m Gregorian antenna concept Figure 9. 25-m Cassegrain antenna concept
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