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US RMS

e 1980s —VLAVLBA, University Radio Observatories

e 1990s — GBT,ALMA development, SMA, LMT,ATA

e 2000s —ALMA, EVLA

e 2010s - End of UROs, no US SKA, GBT/VLBA divestment... L

« Radio astronomy — mainly Federally-funded (NSF) — signal?
e Overall economy — down (2008), weak (2010-2013), ok (2014+)
e R&D funding — fluctuates, but some growth
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Federal Research by Agency, FY 1995-2014

in billions of constant FY 2013 dollars
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US RMS

e 1980s —VLAVLBA, University Radio Observatories

e 1990s — GBT,ALMA development, SMA, LMT, SPT,ATA

e 2000s —ALMA, EVLA

e 2010s - End of UROs, no US SKA, GBT/VLBA divestment... L

« Radio astronomy — mainly Federally-funded (NSF) — signal?

e Overall economy — down (2008), weak (2010-2013), ok (2014+)
e 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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No. of publications
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|SU: TROZO]-O | Decadal Survey Process

o Community-based review and
prioritization of astronomy
development

New Worlds 3
New HOI"IZGI"IS_ e 2010 (actually ~2008) — assumed

in Astronomy and ﬁ_ustro ysics

incorrect budget growth model
(housing bubble burst)

e Recommendations for different
environment — limited use

» Added semi-quantitative
independent review +/-

* [ssues
 Inflation of goals/costs in
astronomy — small N
» Project timescale >> decade
 Politics (several types)

* Bar has been raised in US...



Example - SKA:

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

New Worlds (o
New HOI"lZGnS_ » However, based on the information

in Astronomy and ﬁ_ustro ysics

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.

L]
MATHOMAL RESEARCH COUIMCIL




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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ﬁf AST Portfolio Scenarios

300 - _ LssT  With Max.
Assuming No Divestment ;-ne;ers Divestment
250

200 Individual Investigator+ Mid-scale
AST $M 150 DKIST
ALMA
100
Facility Budget Existing Facilities
Reductions, _
50 FY10-FY13 Assumes 2.5%
. inflation/yr for
existing facilities
FY10 FYy13 fisalYear pyq6 FY19 FY17 FY19

AST budget assumption: FY 15=Request, 1%/yr growth thereafter

01/05/2015 23 NSF-AAS-TownHall



100.0

90.0

$M (Then Year)

80.0

NRAO Budget History & Projection

70.0

60.0

50.0

I

©

o
1

w

©

o
|

20.0 -

Y N N
| |
S N R N
I N

S N R I N N

10.0 -

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Proj Proj Proj Proj Proj Proj Proj Proj

0.0 -

mmm NRAO Base Ops $M EVLA Const Augments ARRA mmm ALMA Ops $M = NRAO Base in 2001 $M



AST FY2013: $232.5M

NRAO
AAG, 42.44

Misc,, 7.93

GSMT/TMT, 0.25
REU,2__—
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DKIST, 2
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URO*, 10.76

ATI, 8.66



o 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



Moving Forward

e ASTRO2020 — approaching... (choices 2018, report 2020)
 NASA:JWST, 30-yr roadmap

* NSF: unresolved projects from ASTRO2010 (including “GSMT?)
e Grants Program — something will change (?)

e Mid-scale Initiatives (RMS: HERA, EHT, CCAT, NANOgrav..) will
continue to move (slow funding... )

e US Futures in RMS — Kavli Meetings
— First meeting: Dec 15-17t 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



NASA 30-yr Roadmap
Near Term Formative Visionary
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Search for signs of habitable environments
Obtain resolved maps &
spectra of exoEarths

LUVOIR ExoEarth

Kepler TESS Surveyor Mapper

James Weabb

Hubble Space Telescope

Missions

Spitzer WFIRST-AFTA

Figure 2.16 Schematic of the Exoplanets Roadmap, with science themes along the top and a possible
mission sequence across the bottom. Credit: F. Reddy (NASA GSFC)




US RMS Process

Science

Kavli Community 2015
Meetings

Design/Prototype Optl ons 2017
Proposals ChOiceS 2020



SKA & US

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

e Phase | — watching
* Phase Il — scientific interest, entry route + funding unclear
o Several issues

— Open Skies interactions

— Broad vs deep science cases ($5)

— Facilities vs experiments
— Linkage to other capabilities (UVOIR)

 Discussions underway



e 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)

e Next-generationVLA
— 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)



NRAO - Thermal Imaging on Milliarcsecond Scales

HL Tau — ALMA B6

A" = 14 AU



What do these areas of interest have In
common?
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Planet Formation on Milliarcsecond scales

26 Kraus et al. 2014



CO: probing H:, star-forming gas
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CO: probing H:, star-forming gas

Simulations perspective:
(Narayanan Powderday RT code)
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Angular Resolution [arcsec]
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Possible configurations circa 2019
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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



US RMS Interests in 2020s

 Building on incredible successes past 15+ years...
e Begin USASTRO2020 process — explore opportunities
o Significant new funding is hard (Construction easier than Ops)

e Global RMS community — continue technology development,
student/staff exchanges, joint programs

o SKA - hoping to arrive late to the battle...
* Proud to participate/collaborate scientifically e.g. JIVE/ERIC

o 2030s — upgrading ALMA (FQV, correlator, baselines..)

o Great science opportunities ahead... US will be there.
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SURVIVAL

When you are in deep trouble,
say nothing, and try to look like
you know what you're doing.



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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