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US RMS 

• 1980s – VLA, VLBA, University Radio Observatories 
• 1990s – GBT, ALMA development, SMA, LMT, ATA 
• 2000s – ALMA, EVLA 
• 2010s – End of UROs, no US SKA, GBT/VLBA divestment… L 

 
• Radio astronomy – mainly Federally-funded (NSF) – signal? 
• Overall economy – down (2008), weak (2010-2013), ok (2014+) 
• R&D funding – fluctuates, but some growth 
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Batelle – 2014 Global R&D Funding Forecast 
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6 Michael Turner – NSF/MPS 
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US RMS 

• 1980s – VLA, VLBA, University Radio Observatories 
• 1990s – GBT, ALMA development, SMA, LMT, SPT, ATA 
• 2000s – ALMA, EVLA 
• 2010s – End of UROs, no US SKA, GBT/VLBA divestment… L 

 
• Radio astronomy – mainly Federally-funded (NSF) – signal? 
• Overall economy – down (2008), weak (2010-2013), ok (2014+) 
• R&D funding – fluctuates, but some growth 
• NSF funding – steady growth, bipartisan support 

 
• Recent RMS fortune issues – unrelated to changes at national 

level?  
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TMT 
JWST LSST 

GMT 
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Issue: ASTRO2010 

 

Decadal Survey Process 
 
• Community-based review and 

prioritization of astronomy 
development 

 
• 2010 (actually ~2008) – assumed 

incorrect budget growth model 
(housing bubble burst) 

 
• Recommendations for different 

environment – limited use 
 

• Added semi-quantitative 
independent review  +/- 
 

• Issues 
• Inflation of goals/costs in 

astronomy – small N 
• Project timescale >> decade 
• Politics (several types) 
 

• Bar has been raised in US… 
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Example - SKA: 
 

• The panel believes that it is very 
important for the US to play a role in 
this international project. 

 
• However, based on the information 

received from the projects and from 
independent analysis, none of the parts 
of this project have reached maturity 
sufficient to recommend construction at 
this time. 

 
• Defining the way forward in this 

context requires a mix of technology 
development, demonstrator projects, 
and careful consideration of priorities. 
 

• The panel recommends revisiting the 
SKA design costs in 5 years to assess 
end-of-decade feasibility. 
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• Community planning process – some challenges, poor set of 
boundary conditions in 2010, rules changing  

• NASA – dealing with it….  
• NSF/AST (Ground-based astronomy)  

– Difficulties in 2000s  (ALMA rebaselining, DKIST) 
– Changing customer base, flat funding 
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+ average $ request increase by x3-4 
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NRAO, 41

ALMA, 32.92

URO*, 10.76
NOAO, 25.5

ATI, 8.66

Gemini, 
18.15Mid--Scale, 7.58

NSO, 8

EARS, 6

Arecibo, 5
CAREER, 4.6

DKIST, 2
AAPF, 2.23

LSST, 7.5

REU, 2
GSMT/TMT, 0.25

Misc,, 7.93

AAG, 42.44

AST FY2013: $232.5M

NRAO 
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• Community planning process – some challenges, poor set of 
boundary conditions in 2010, rules changing  

• NASA – dealing with it….  
• NSF/AST (Ground-based astronomy)  

– Difficulties in 2000s  (ALMA rebaselining, DKIST) 
– Changing customer base, flat funding 
– Approach to facilities (construction: MREFC, operations: RRA) 

failing…   while level of play (PM, SE) increasing  
– Hitting two fundamental limits:  

• Grants program – overpressured,  5% success rates 
• Facilities – science driving us to massive facilities + ops costs (6-10%) 

• Recently: continued successes (both RMS + OIR) but no relief in 
sight…    FYI: NRAO: GBT & VLBA – situation stable for now 

RMS fortunes – disrupted planning + weak economic growth + 
conditions/decisions  inside NSF 
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Moving Forward 

• ASTRO2020 – approaching… (choices 2018, report 2020) 
• NASA: JWST, 30-yr roadmap 
• NSF: unresolved projects from ASTRO2010 (including “GSMT”) 
• Grants Program – something will change (?) 
• Mid-scale Initiatives (RMS: HERA, EHT, CCAT, NANOgrav..) will 

continue to move (slow funding… ) 
• US Futures in RMS – Kavli Meetings    

– First meeting: Dec 15-17th Chicago (soon to be announced) 
– Bring RMS community together to explore Science opportunities, 

place into domestic/global context; explore options for 2020s; 
select projects to move forward to ASTRO2020 

– NRAO facilitating discussion; community decides 
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NASA 30-yr Roadmap  
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US RMS Process 
 
 

Science 

Options 

Choices 

2015 
 
 
 
 
2017 
 
 
 
 
2020 

Kavli Community 
Meetings  
 
 
 
Design/Prototype 
 
 
 
 
Proposals 
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SKA & US 

• No formal involvement (despite long history, current informal 
participation levels) 

• Phase I – watching 
• Phase II – scientific interest, entry route + funding unclear 
• Several issues 

– Open Skies interactions  
– Broad vs deep science cases ($$) 
– Facilities vs experiments 
– Linkage to other capabilities (UVOIR) 

• Discussions underway 
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• NRAO: internal discussions 
– Space:      DARE,  Far-infrared Interferometer 
– Low-frequency:  SKA-L, HERA, US GW Observatory 
– Mid-frequency:   SKA-Mid/High, Fast Transients,  ngVLA 
– High-frequency:  ALMA upgrade/expansion (2030s) 

 
• Next-generation VLA 

– Thermal imaging on mas scales – bridge SKA & ALMA 
– 5-10x collecting area on few hundred km baselines around VLA, 

merge VLBA baselines 
– 1.2 – 116 GHz  
– (Northern Hemisphere Array) 

 



24 

NRAO – Thermal Imaging on Milliarcsecond Scales 

HL Tau – ALMA B6 
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What do these areas of interest have in 
common? 
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Protoplanetary 
Disks 

Optically 
thick 

Optically thin 

ALMA ngVLA 

? 

? 

Terrestrial Planet forming 
region inaccessible for short λ 

Amount of material 
needed to become  

optically thick 



26 Kraus et al. 2014 

Planet Formation on Milliarcsecond scales  
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28 Galaxy variability & failure of high-J transitions to trace molecular gas => CO(1-0) key 
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ngVLA 
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ngVLA 
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Next Generation VLA  
   256 18-m Antennas 
           1.2-116 GHz 
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Possible configurations circa 2019 

FX correlator 

8x 40 
GbE 

X only 
(hybrid) 

ARM 

HDR 
IB 

HDR 
IB 

GPU 

digital  
input 
 

corner  
turn 

GPU 

x 512 nodes = 13 racks 
$19K per node 

$10 M total 
185 kW total 

 
 

output 
40 GbE 

ARM 

100 
GbE 
100 
GbE 

GPU 

x 384 nodes = 10 racks 
$15K per node 

$5.8 M total 
166 kW total (excluding F) 
 
 

output 
40 GbE 

GPU 
100 
GbE 

X + cal + img 
(assuming ~1:1 workload) 

ARM 

100 
GbE 
100 
GbE 

GPU 

GPU 
100 
GbE GPU 

GPU 

x 384 nodes = 10 racks 
$25K per node 

$9.6 M total 
282 kW total (excluding F  

100 
GbE 

100 
GbE 

channelized 
input 
 

channelized 
input 
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ngVLA 

• ngVLA – exploring technical/partnership opportunities, benefiting 
from SKA development (recent meeting @ Caltech) 

• Technically – reasonable step beyond current frontier… 
• Scientifically – nicely aligned with US community interests 
• Strategically – may provide a route for US to join SKA Phase II 

 
• NRAO: explore science/technologies as part of core business 
• ngVLA & SKA – complement, not competition 
• One option to be considered as part of Kavli meeting process 
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US RMS Interests in 2020s 

• Building on incredible successes past 15+ years… 
• Begin US ASTRO2020 process – explore opportunities 
• Significant new funding is hard (Construction easier than Ops) 
• Global RMS community – continue technology development, 

student/staff exchanges, joint programs  
• SKA - hoping to arrive late to the battle… 
• Proud to participate/collaborate scientifically e.g. JIVE/ERIC 

 
• 2030s – upgrading ALMA (FOV, correlator, baselines..) 
 
• Great science opportunities ahead… US will be there.  
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www.nrao.edu 
science.nrao.edu 

 
The National Radio Astronomy Observatory is a facility of the National Science Foundation 

operated under cooperative agreement by Associated Universities, Inc. 
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