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VLA 
Very Large Array – the Old … 

• 27-element, reconfigurable interferometer array,  located in west-
central New Mexico, USA.  (latitude = 34.1, longitude = 107.6) 

• High elevation (2100 m), desert climate means good observing 
conditions most of the year. 
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• There are four major 
configurations, offering a 
range of 35 in imaging 
resolution 

• Pictured: densest 
configuration (D) 

• Configuration change 
every  4 months 



VLA 
… and the New! 

• The EVLA project began in 2001, and was completed early in 2013 
– a major expansion of the Very Large Array, now called the Jansky Very 

Large Array 
– on budget and on schedule 

• Fundamental goal of the project:  at least ~ one order-of-magnitude 
improvement in all observational capabilities (except spatial resolution) 

• Key aspect:  A leveraged project, building on existing VLA infrastructure: 
– Antennas (steel is expensive) 
– Railroad tracks 
– Buildings 
– Staff 

• Observing was not interrupted apart from 6 weeks early 2010 
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VLA 
Major VLA Upgrade Improvements 
1 – Electronics/hardware 

• 100% frequency coverage from 1 to 50 GHz (was 22%) 
– Provided by 8 frequency bands (2 new) with cryogenic receivers 
– In addition, the 50 – 450 MHz band is covered by a ninth receiver 

• Up to 8 GHz instantaneous bandwidth (was 100 MHz) 
– Provided by two independent dual-polarization frequency pairs, each of 

up to 4 GHz bandwidth per polarization 
– Uses new 3-bit samplers (8-bit samplers give 2 GHz) 
– All digital design to maximize instrumental stability and repeatability 
– Enables ~4 µJy/beam (1-σ, 1-Hr) continuum sensitivity at most bands 

• New correlator with 8 GHz/polarization capability 
– Designed, funded, and constructed by our Canadian partners, 

HIA/DRAO 
– Unprecedented flexibility in matching resources to science goals 
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VLA Major VLA Upgrade Improvements 
2 – Software/Operations 

• Noise-limited, full-field imaging in all Stokes parameters for 
most observational fields 
– Vastly increased bandwidth and sensitivity requires improved software 

for calibration, imaging, and deconvolution 

• Routine Dynamic Scheduling of almost all observations 
– Much more efficient use of telescope time 
– Learning experience for us and observers alike 

• Calibration Pipeline 
– developed in-house 
– Continuum only 
– Spectral line under development 
– Being run on all data taken since January 2013 
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Jansky VLA - VLA Capabilities Comparison 

Parameter VLA JVLA Factor Current  

Point Source Cont. Sensitivity (1σ,12hr.) 10 µJy 1 µJy 10  1 µJy 

Maximum BW in each polarization 0.1 GHz  8 GHz 80  8 GHz 

# of frequency channels at max. BW 16 16,384 1024  16384 

Maximum number of freq. channels 512 4,194,304 8192  131,072 

Coarsest frequency resolution 50 MHz 2 MHz 25  2 MHz 

Finest frequency resolution 381 Hz 0.12 Hz 3180  1 Hz 

# of full-polarization spectral windows 2 64 32 64 

(Log) Frequency Coverage (1 – 50 GHz) 22% 100% 5  100% 

The upgraded VLA’s performance is vastly better than the VLA’s: 
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Full Frequency Coverage with  
Outstanding Performance 

• There are eight Cassegrain focus 
systems, and one prime focus system. 
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VLA Sensitivity  (rms in 1 Hour) 
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•  Achieved sensitivities 
exceed project 
requirements at all 
frequencies above 8 
GHz.   
•  Most sensitive region 
in continuum is 8 – 15 
GHz.   
• Most sensitive for 
spectral line is 10 – 30 
GHz.   



VLA 
Recent VLA Developments 

• For each proposal call we make new capabilities available for 
general observing, in particular when going to D-configuration 

• In the last two calls (last 12 months) new capabilities 
introduced include: 
– Full bandwidths (3-bit samplers) at C, X, Ku bands  
– More flexible tuning of subbands 

• non-contiguous, widths 128 MHz down to 31.25kHz 
– Data output rates to 60 MB/sec 
– 3 simultaneous subarrays in 8-bit mode 
– Mixed 3-bit and 8-bit 
– 27-antenna Phased Array mode enabled for VLBI 
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VLA 
Upcoming VLA Developments 

• General Observing for 2015A (proposal deadline 1 August 2014; 
already available as ‘shared risk’) 
• Integration times as short as 50 msec 
• Recirculation up to factor 4 – further boost in spectral resolution 
• P band (230 – 470 MHz) Stokes I 

• In the not too distant future 
• 3-bit sub-arrays 
• On-the-fly mapping 
• Y1 

– one VLA antenna takes part in VLBI 
– Other 26 observe as VLA 
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VLA 
Who’s Using the JVLA and for What Science? 

• The JVLA, like the old VLA, was designed for flexibility.   
• There were no ‘key science’ projects in the proposal.   
• There are no ‘guaranteed time’ proposals or consortia.   
• The JVLA is an open skies instrument, with time granted 

solely on the basis of scientific merit.   
• Approximately 200 proposals have been submitted for each 

semester 
• Oversubscription ratio ~2.5:1 
• Large increase in high frequency proposals (ν>20 GHz), driven 

by new availability of 8 GHz bandwidth, and hi-z studies.   
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VLA 
High Frequencies Observations Dominate 
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• ‘Pressure Plot’, 
showing the 
observing requests 
as function of LST 
and priority.   

• Priority ‘A’ 
• Priority ‘B’ 
• Priority ‘C’ (filler) 
• Rejected. 
• Color Shadings 

indicate High/Low 
frequencies.   



VLA 
Examples of Recent VLA Science 

• About 65% of the array time (2013) is now used for science 
observing – we aim to reach 70% soon 

• Daytime observing still at a premium, due to ongoing 
commissioning activities – little actual ‘down’ time 

• Following science examples intended to highlight: 
– Effect of significantly improved continuum sensitivity 
– Vastly increased flexibility of correlator, where a large total bandwidth 

no longer compromises spectral resolution 
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JVLA HI Pilot Deep Field 
 
• The Cosmos field was observed for 50 hours as a pilot search for 

neutral hydrogen in distant galaxies. 33 galaxies were detected in HI 
at z=0 to  0.2, including three without a previously known 
spectroscopic redshift.  

• This pilot study shows that the VLA B-configuration is ideal for H I 
deep fields: 

• Beam matches galaxy size at high z 
• Much less RFI at longer baselines 

• Full use of new correlator capabilities: 
• 230 MHz total bandwidth, 15 kHz (3 km/s) resolution, 16k channels 
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Example HI detections 
in the JVLA pilot HI 
deep field (Fernandez 
ea. ApJ) 

• Next:  800 hour 
• Z< 0.5 
• Simultaneous 500MHz wide continuum 

• Sub µJy rms noise 

JVLA HI Pilot Deep Field 
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VLA images fragmenting disks in protostars 
• The VLA and CARMA have imaged Class 0/I protostars with a best resolution 

of 0.06” (18 AU) and rms ~20 µJy/beam (2 GHz BW, 1h per source) 
• Two of the sources have binary companions at separations of 100 AU. The 

position angles of these companions are orthogonal to the direction of the 
bipolar outflows, consistent with the expected protostellar disk orientations.  

• The companions may have formed from disk fragmentation; turbulent 
fragmentation would not arrange the binary companions to be orthogonal to 
the outflow direction.  

• One source shows a large (R > 100 AU) disk, while two others show 
structures consistent with  20 AU radius disks. For the others, the emission is 
unresolved, suggesting disks with radii < 20 AU. 

Example images of a 
protostar with the 
JVLA at 7mm 
(Tobin ea). 
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VLA helps reveal the earliest extreme starburst 

• The earliest extreme starburst galaxy has been discovered at z=6.3 through 
selection via red Herschel colors, plus follow-up spectroscopy at cm through 
submm wavelengths showing numerous lines from CO, ammonia, water… 

• This system represents the formation of a massive galaxy in an extreme 
starburst within 800Myr of the Big Bang 

• These results demonstrate the power of cm through submm spectroscopy to 
study the ISM in the earliest galaxies, and determine redshifts for the earliest, 
highly dust-obscured galaxies  

Figure:  VLA CO spectra 
of the most distant 
starburst known at 
z=6.3.  Panels show 
Ku, Ka, and Q-band 
(Riechers et al 2013) 
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