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1

OVERVIEW

This Fiscal Year (FY) 2014 Annual Progress Report (APR) summarizes National Radio Astronomy
Observatory (NRAO) progress against the FY14 NRAO Program Operating Plan (POP). NRAO
delivered major new capabilities in FY14 for the science community. Operating synergistically with
optical, infrared, and X-ray telescopes on the ground and in space, NRAO telescopes enabled
astrophysical discovery over a broad range of key problems in modern astrophysics and with a focus on
the highest priority science themes of the 2010 Decadal Survey report, New Worlds, New Horizons in
Astronomy & Astrophysics (NWNH).
Section 2 describes the FY14 science highlights from the Atacama Large Millimeter/submillimeter Array
(ALMA), the Karl G. Jansky Very Large Array (VLA), the Very Long Baseline Array (VLBA), and the
Robert C. Byrd Green Bank Telescope (GBT).
Section 3 details the Science Support and Research (SSR) activities that maximized the scientific impact
of NRAO telescopes, provided ready access to all NRAO telescopes and services, expanded access to
new users, improved user services, and directly supported the Observatory’s user community.
Section 4 summarizes the numerous FY14 activities associated with telescope construction and
operations at each of the four NRAO telescopes: ALMA, VLA, VLBA, and GBT.
Section 5 describes the FY14 Development Programs that: produced critical capabilities for upgrading
NRAO facility performance and next generation facilities; assisted the community in realizing high
priority projects recommended by NWNH; and supported community and industry collaborations, new
scientific initiatives, advancements in state-of-the art technologies, and new funding opportunities.
Section 6 summarizes the FY14 accomplishments of Observatory-wide Services, including: Central
Development Laboratory (CDL); the Data Management & Software Department (DMS); Program
Management Department (PMD); Education and Public Outreach (EPO); Administration; Human
Resources (HR); Diversity; Computing and Information Systems (CIS); and the Director’s Office, which
hosts the Communications Office, the New Initiatives Office (NIO), and the Spectrum Management
Office.
Four appendices provide additional information that supports Sections 2 through 6. Appendix A is the
Major Milestones Completion Matrix. Appendix B is the Financial Plan Completion Matrix. NRAO
performance against key metrics in FY14 is illustrated in Appendix C. All acronyms that appear in this
APR are listed and defined in Appendix D.
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2 SCIENCE HIGHLIGHTS
With the successful commissioning of long baselines, ALMA is now entering routine operation at full
capability. The VLA has likewise demonstrated its full scientific capability over the last year. Together,
these two new facilities have demonstrated the order of magnitude leap in observational capabilities
from 1 GHz up to 1 THz over previous facilities. In parallel, the GBT continues to expand in scope,
including new wide field continuum and spectroscopic cameras operating at 20 GHz and 90 GHz, while
the VLBA remains the premier instrument on the planet for milli-arcsecond imaging and astrometry.
These facilities are realizing some of the highest priority science identified in NWNH, including precision
cosmological measurements, tests of fundamental physics, and astrophysics and astrochemistry from our
Galaxy to the first galaxies in the Universe. These programs are probing deep into the earliest, most
intense, and optically obscured phases of planet, star, galaxy, and black hole formation; revealing the cool
dense gas from which stars form; and providing essential tools for studying magnetic fields and high
energy cosmic phenomena. Line and continuum ultra-deep fields are becoming routine, exploring the
evolution of galaxies at unprecedented distances and resolution. In the following, we briefly highlight
some of the exciting results from the last year. These represent just a snapshot of the broad, high
impact science programs that the NRAO facilities are pursuing for the community.

Star, Planets, and the Solar System
ALMA imaging of HL Tau: The first high resolution mm imaging with the long baseline ALMA has
produced a stunning image of the planet-forming disk (https://public.nrao.edu/news/pressreleases/planetformation-alma) in the young, solar-analog star HL Tau. These observations provide the first detailed
look at how planets form on AU-scales. The results are surprising in the mature level of the planetary
disk structure in such a young star, only 1 Myr old.

Figure 2.1: ALMA image at 233 GHz (1.28 mm) of the HL Tau young star and
protoplanetary disk at 35 milli-arcseconds (5 AU) resolution.
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GBT 3mm images of dust grains in Orion: Using the GBT Mustang camera at 3mm, Schnee et al.
have imaged OMC-2/3, the richest star-forming filament within 500 pc distance
(https://find.nrao.edu/papers/catalog/1010108092). Schnee et al. track the dust spectral index across the
filaments and cores in the region on scales of 2 to 3 pc, and find a dust spectral index consistent with
emission from mm-sized dust grains. These grains likely seed eventual planet formation in the region.

Figure 2.2: GBT 3mm image of Orion [red] showing the growth of large dust grains,
plus Hubble Space Telescope (HST) [purple] (Schnee et al. 2014).

VLA probes circum-planetary disks: Isella et al. 2014 (https://find.nrao.edu/papers/catalog/1010107602)
have used the VLA to image the circumstellar disk around the young star LkCa15 at 70 mas (9 AU)
resolution, with sensitivity adequate to search for a circum-planetary disk around the protoplanet in the
disk. The continuum emission traces a dusty annulus of 45 AU in radius, and a compact source at the
center of the disk, possibly due to thermal emission from hot dust or ionized gas located within a few
AU from the central star. No emission is observed between the star and the dusty ring, nor at the
position of the candidate protoplanet LkCa 15b. If LkCa 15b is a massive planet (> 5 MJupiter) accreting at
a rate greater than 10-6 MJupiter yr-1, then its circum-planetary disk is less massive than 0.1 MJupiter.

Figure 2.3: VLA 7 mm imaging of LkCa15 protoplanetary disk at 70 milli-arcsec resolution and rms = 6micro-Jy (Isella et al.).
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ALMA shows that comets forge organic molecules in their dusty atmospheres: ALMA
spectroscopic imaging of Comets Lemmon and ISON was performed by Cordiner et al.
(https://find.nrao.edu/papers/catalog/1010107479) for three important organic molecules: HCN, HNC,
and H2CO. The HCN is seen to flow symmetrically from the nucleus. HNC, H2CO concentrate in
clumps and jets, showing they form within the coma. These observations provide new evidence that
HNC may be produced by the breakdown of large molecules or organic dust.

Figure 2.4: ALMA images of HCN. HNC, and H2CO in Comets Lennon and ISON (contours).
Color shows the mm continuum emission. (Cordiner et al 2014).

Galaxy and Large Scale Structure Formation
GBT helps map the Laniakea Supercluster: Using peculiar velocities for galaxies out to 100 Mpc,
many from GBT HI 21cm observations, Tully et al. (http://www.nature.com/nature/journal/v513/n7516/
full/nature13674.html), identify ‘gravity-sheds’, similar to ‘water-sheds’, around which velocities diverge.
The surface defined by these gravity-sheds sets the boundaries of local large-scale structure that has
separated from the Hubble flow, and hence our ‘home super-cluster’. They find a filamentary lattice that
includes the Great Attractor and our previously known supercluster. The region contains 105 galaxies,
and a total gravitating mass of 1017 Mo. The have named this lattice “Laniakea,” which means “immense
heaven” in Hawaiian.

Figure 2.5: The Laniakea Supercluster relative to other large scale structures in the Universe out to a few hundred Mpc. GBT
HI21cm observations were key to this mapping program (Tully et al. 2014).
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ALMA and VLA kpc-scale imaging of merging galaxies at z=1.03: J1429-0028 is a strongly
gravitationally lensed galaxy merger at z=1.03 Using ALMA, the VLA, HST, Keck, and other telescopes,
Messias et al. 2014 (https://find.nrao.edu/papers/catalog/1010107773) have determined the source-plane
distribution of stars, gas, and dust in unprecedented detail. The system can be modeled as a merging
galaxy system, analogous to the Antennae galaxies, driving a starburst that depletes the molecular gas in
107 years.

Figure 2.6: ALMA and VLA imaging of molecular and thermal continuum emission in the strongly
lensed z=1.03 galaxy J1429-0028 (Messias et al. 2014).

VLA finds the cool gas driving star formation during the epoch of galaxy assembly: VLA
observations have shown that ‘typical’ star forming galaxies during the peak epoch of cosmic star
formation (z ~ 1 to 3) contain massive reservoirs of cool molecular gas (Aravena et al. 2014,
http://mnras.oxfordjournals.org/content/442/1/558). The gas to stellar mass ratio changes from 0.1 in nearby
disk galaxies, to greater than 1.0 at z ~ 2. This order of magnitude increase in the molecular baryon
fraction like drives the increased cosmic star formation rate during the epoch of galaxy assembly.

Figure 2.7: VLA CO 1-0 spectrum and image of main sequence galaxy at z = 2.2 (Aravena et al.).
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Precision Astrometry
BeSSeL (Bar and Spiral Structure Legacy Survey): BeSSel has determined the 3D structure and
kinematics of the Milky Way Galaxy in unprecedented detail, using milli-arcsecond astrometry
on hundreds of water and methanol masers in star-forming regions. This publication
(https://find.nrao.edu/papers/catalog/1010107394) represents a major milestone in VLBA astrometry.
These results have improved measurements of the distance to the Galactic Center and the Galactic
rotational velocity: R0 = 8.34 ± 0.16 kpc, 0 = 240 ± 8 km/s. The results also provide a much improved
delineation of the structure and kinematics of the spiral arms of the Milky Way within 10 kpc of the Sun.

Figure 2.8: BeSSel astrometric studies have mapped out the Galactic spiral arms to10 kpc distant
(Reid et al. 2014, 2014 ApJ, 783,130).

HSA resolves Pleiades distance controversy: The Pleiades star cluster has been extensively studied
and serves as a cornerstone for our understanding of the physical properties of young stars. However,
the Pleiades distance controversy has clouded physical interpretation, with Hipparcos measuring 120.2 ±
1.5 pc as compared to previous values of 133.5+/-1.2 pc. The HSA has measured a trigonometric
parallax distance of 136.2 ± 1.2 pc, thereby confirming and cementing existing astrophysical models for
Pleiades-age stars.

Figure 2.9: The distance to the Pleiades (Melis et al. Science 29 August 2014).
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Testing Gravity
GBT discovers rare milli-second pulsar in triple star system: PSRJ0337+1715 is the second-known
millisecond pulsar in a triple system, with a configuration ideal for tests of General Relativity. Timing
with GBT, Arecibo, and the Westerbork Synthesis Radio Telescope (WSRT) yields a pulsar mass of
1.4378 M⊙, and two white dwarf companions of 0.19751M⊙ and 0.4101M⊙, in unexpectedly coplanar
and nearly circular orbits, indicating a complex and exotic evolutionary past. The gravitational field of the
outer white dwarf strongly accelerates the inner binary. This system will provide an ideal laboratory in
which to test the strong equivalence principle of general relativity.

Figure 2.10: Timing data and models for PSTJ0337 (Ransom et al. 2014, Nature, 505, 520).

Beyond the exciting results published in the last year, the NRAO is pursuing new areas of research
enabled by the advances in instrumentation, as well as in enabled by the technical expertise of the
NRAO scientific staff working with the astronomical community. Following are a few of the initiatives
currently underway.

A new era in surveys
The new capabilities of the VLA, GBT, and ALMA have opened are new era in radio surveys, both wide
and deep. A major conceptual break has occurred with the realization that the wide-band systems allow
for deep searches for spectral lines over huge cosmic volumes, and pilot surveys in both CO and HI are
underway. Likewise, continuum surveys with the VLA are reaching micro-Jansky sensitivity at subarcsecond resolution over degree-area fields. These surveys provide a dust-unobscured view of the star
formation history of the Universe, as well as of the evolution of the supermassive black holes and the
NRAO | FY14 Annual Progress Report
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evolution of cosmic magnetism. ALMA deep fields over smaller areas are tracing out the dust properties
of galaxies back to the formation of the first galaxies in the Universe. Programs are underway with the
GBT wide-field cameras at 20 and 90 GHz to perform a wide variety of state-of-the-art line and
continuum surveys, with science ranging from Galactic star formation, to the SZ effect and cosmology.

VLA Sky Survey
The VLA Sky Survey (VLASS) is in the planning stage, with the community-led working groups designing
both deep and wide components of this next-generation mega-survey in the radio. If approved, we
expect this survey will play a major role in the scientific program at the VLA in the coming years. We
note that, even with the advent of wide field survey interferometers like Australian Square Kilometre
Array Pathfinder (ASKAP) and MeerKAT in the coming few years, the VLA will still provide by far the
highest spatial resolution for wide field surveys.

Time-domain
Exploring the time-domain is a key area of discovery in astronomy, with rapidly increasing community
interest with the advent of the Large Synoptic Survey Telescope (LSST) and Euclid. The dramatically
improved and unique power of the NRAO facilities are being deployed for studies of the variable radio
sky, and we are adopting operational models and developing technical capabilities that will enable rapid
response studies of the variable radio sky with micro-Jansky sensitivity.
Of particular interest is the recently discovered phenomenon of Fast Radio Bursts (FRBs). If these are
really extragalactic and as common as suggested, the FRBs are a game-changer in the study of the
transient sky, with many important implications for the source physics (stellar collapse to perhaps black
holes), and cosmology (e.g. Dark Energy, missing baryons). Unfortunately, there remains the issue of
verifying and locating these sources. The VLA has developed new techniques to search for transients on
milli-second timescales, providing the best opportunity to determine the reality and nature of the FRBs.
The VLBA remains the primary instrument for uncovering the detailed physics of high-energy
phenomena, ranging from Galactic X-ray binaries to distant blazars. The VLBA is exploiting its new fast
response capability to study the early stages of time evolution of Gamma Ray Bursts by steering onto
sources within minutes of a high-energy trigger.
Looking beyond our major facilities, the NRAO is fulfilling its role of fostering the future of radio
astronomy through multiple development programs that are exploring high priority science described by
NWNH.

Next Generation Very Large Array
Building on the exciting science that is being performed with our existing facilities, the NRAO has
initiated a long-term, community discussion on the future of radio astronomy. We are planning a workshop at the January 2015 American Astronomical Society meeting focused on science with a next
generation VLA – an instrument with roughly an order of magnitude higher sensitivity and resolution
than the current VLA, operating from 1 to 100 GHz. This facility will open a new window on radio
imaging of thermal emission at milliarcsecond resolution.
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Cosmic Reionization
Exploring cosmic reionization, when light from the first galaxies acts to reionization the pervasive
neutral intergalactic medium left over from recombination, represents the last frontier in studies of
large-scale structure formation. NRAO is involved with the development of low frequency radio arrays
to image the HI 21 centimeter (cm) signal from the neutral gas, considered the best probe of this last
unexplored phase of cosmic evolution. We are collaborators on the Hydrogen Epoch of Reionization
Array (HERA), as the next natural follow-up to the current generation of pathfinder reionization
experiments, such as the Precision Array to Probe the Epoch of Reionization (PAPER) and the
Murchison Widefield Array (MWA). We are also maintaining a discussion forum for low frequency
projects – e.g. Long Wavelength Array, and the Large-Aperture Experiment to Detect the Dark Ages –
to share ideas and consider parallel developments. The goal is a coordinated, community-driven
approach to large low frequency radio instrumentation in the next decade.

Other facilities and programs
NRAO will continue working with the MeerKAT and the five hundred meter Aperture Spherical
Telescope (FAST) project in China, to explore new telescopes and techniques, leading to the next
generation of major radio facilities. We are involved with in a scientific and technical collaboration with
the Shanghai Observatory for single dish and VLBI development, including a potential space VLBI
mission.
Perhaps most importantly, our current facilities and scientific and engineering staff are at the forefront of
attacking the most difficult problems facing next generation instruments, including: (a) Big Data archiving,
processing, and analysis; (b) complex, three dimensional visualization; (c) wide-field, wide-band, high
dynamic range polarimetric imaging; (d) massively integrated receiver modules and THz receiver
technology; (e) phased array feeds; and many other areas. We believe these basic technology
developments will prove vital to the long-range future of all of radio astronomy.
NRAO is working with the community to realize these exciting goals, providing leadership in areas
ranging from world-recognized scientific and technical expertise, to well-established management skills,
operating in partnership with the University community. The NRAO has demonstrated its dedication to
helping scientists explore the Universe and answer fundamental questions about astronomy and
astrophysics for the past 50 years. As a cornerstone of the current and future multi-wavelength suite of
ground- and space-based observatories, the major NRAO facilities will continue to enable and serve the
scientific vision of its community, as captured in NWNH.
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3 OBSERVATORY SCIENCE OPERATIONS
3.1 Science Support and Research
SSR coordinates, aligns, and manages the collective efforts of the three NRAO sites—Charlottesville,
Virginia; Socorro, New Mexico; and Green Bank, West Virginia—for support of observatory science
operations. SSR supports observatory time allocation; supports scientific users through a variety of
services; supports scientific staff research and science community activities; and broadens observatory
impact through student and visitor support programs through three divisions. DMS supports science
software development, data archives, pipeline hardware, telescope software, and information services
that are supported through two divisions.
The NRAO Science Support and Research (SSR) department manages the efforts of the three NRAO
sites to support science users of NRAO facilities to broaden the Observatory’s impact through
education and visitor programs. It does so through three groups:




Telescope Time Allocation (TTA) manages the process and tools by which users prepare and
submit proposals for use of NRAO telescopes, as well as the proposal evaluation and time
allocation process.
Science User Support (SUS) is responsible for providing the scientific community with the
support necessary to execute successful scientific programs with NRAO facilities including the
GBT, VLA, VLBA and ALMA.
Science and Academic Affairs (SAA) oversees the research activities of the NRAO scientific staff
and staff development activities as well student programs, the Jansky Fellowship program, and
the Jansky Lecture.

In addition, SSR provides two observatory-wide services: 1) NRAO reference comprises the NRAO
library and the historical archives; 2) statistics and metrics aggregates data used to report various
metrics to the NSF, to AUI, to external review committees, and for internal use.

3.1.1 Telescope Time Allocation
The Telescope Time Allocation (TTA) division is responsible for overseeing the process by which
proposals for the use of NRAO North American (NA) telescopes—the VLA, the VLBA, and the GBT—
are prepared, submitted, and peer reviewed; and by which time allocation recommendations are made
to the NRAO Director and then communicated to proposers and suitably publicized to the community.
As an international project, ALMA proposals are managed separately by the Joint ALMA Observatory
(JAO).
The proposal review and time allocation process is common to all three telescopes. It is semester-based
with proposal deadlines of 1 February and 1 August annually. Proposals are evaluated on the basis of
their scientific merit by eight Science Review Panels (SRPs) whose members are recruited from the
community. Proposals are also reviewed for their technical feasibility by members of the NRAO
scientific staff. All reviews are forwarded to the Time Allocation Committee (TAC) for consideration.
The TAC consists of the chairs of the SRPs and is charged with recommending time allocations to the
NRAO Director. The allocations and science program are reviewed and approved at the Directors
Review. Proposal disposition letters are then sent to proposers and the approved science program is
posted.
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The proposal evaluation and time allocation process requires substantial support in the form of proposal
submission and management tools. One critical tool is the Proposal Submission Tool (PST). The PST
enables users to submit proposals for the use of the GBT, VLA, and VLBA. The PST is also used to
manage proposal reviews, with SRP members using it to evaluate proposals based on scientific merit,
and selected NRAO staff using it to evaluate proposals based on their technical feasibility. The TAC also
uses the PST to view proposals and SRP recommendations during the course of TAC meetings. A
second suite of tools is referred to jointly as Proposal Handling Tools (PHT), which is used to support
the TAC and the NRAO for the time allocation process. TTA is also responsible for gathering the
requirements for the software tool suite used in support of this process, conveying those requirements
to the DMS department for implementation, as well as testing and validating new releases of these tools
from DMS.
TTA Review (Q1, FY14)
The NRAO completed six semesters of proposal evaluation and time allocation under the panel-based
system at the end of Q1 FY14. An assessment of the effectiveness of the process and the tools used to
support it was therefore timely. A review of TTA by an external panel was therefore convened in Q2 of
FY14, chaired by Dr. Stephen White of the Air Force Research Laboratory (AFRL). The review was one
quarter late as a result of disruptions to the calendar by the government shutdown in Q1. The review
included relevant members of TTA staff, former members of SRPs and the TAC, and users from the
community. The panel findings and recommendations are being used to further improve TTA processes,
documentation, and tools.
Calls for Proposals (Q2, Q4 FY14)
The NRAO issued the CfP for semester 2014B in early Q2 FY14 (3 Jan 2014), with a proposal
submission deadline of 1 Feb. The CfP for semester 2015A was issued early in Q4 FY14 (7 Jul 2014),
with a proposal submission deadline of 1 Aug. The ALMA Cycle 2 CfP occurted early in Q1 FY14
(24 Oct 2013) and was coordinated through the JAO and the regional centers. The proposal submission
deadline was at the end of Q1 FY14 (5 Dec 2013).
Documentation (Q2, Q4 FY14)
Documentation was updated to alert users to new observing modes supported by telescope operations,
new PST features, and news regarding changes to policies or procedures.
Proposal Review (Q2, Q4 FY14)
Proposals for semester 2014B were reviewed for scientific merit by the SRPs and for technical feasibility
by members of the NRAO scientific staff in Q2 FY14. Similarly, proposals for semester 2015A were
reviewed in Q4 FY14. Members of the NRAO SRPs typically serve for two years, or four semesters.
New SRP members are recruited during Q1 of each fiscal year.
Time Allocation (Q1, Q3, FY14)
The TAC met to recommend time allocations for semester 2014A in Q1 FY14 and met to recommend
time allocations for semester 2014B in Q3 FY14. The TAC meeting for semester the semester 2015A
program will occur in Q1 FY15.
Software Requirements and Testing (Q1-4, FY14)
Software requirements for TTA tools begins shortly after each TAC meeting. PST requirements are
gathered from TTA staff with input from users, the SRPs, and the TAC. The TAC also provides NRAO
with useful feedback on the PHT and the Green Bank Session Editor (GBSE), used to support TAC
function. Priority is given to the PST initially as it must be ready for use when the CfPs are made. Hence,
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the implementation and testing of PST features occurred in Q1 and Q3 of FY14, whereas the
implementation and testing of PHT/GBSE features occurred in Q2 and Q4 of FY14.

3.1.2 Science User Support
Science User Support (SUS) is responsible for providing the scientific community with the support
necessary to execute successful scientific programs with NRAO facilities: the GBT, VLA, VLBA and
ALMA. The group encompasses:
Community Education and Outreach Services: face-to-face visitor support (including observing runs,
data reduction visits, etc.), helpdesk tickets, triage, knowledgebase articles, science forums, scheduling
block validation and review, astronomy community days; science meetings and conferences, Science
Web content and NRAO user portal interface, user documentation, workshops and tutorials, online
training and educational material.
User Data and Scientific Software Services: pipeline (re)processing, pipeline heuristics and definitions,
manual data reduction and quality assurance (QA2 process), Software benchmarking, access and
protocols, CASA Scientific Steering Committee (CSSC), large/key/special project support, Archive
Access Tool/ALMA Science Archive (AAT/ASA) user interface, integrated help desk services,
preprocessing pipeline interface, data staging.
In FY14, the user data and science software services were largely managed through the sites except
where noted below.
User Documentation (Q1, Q3 FY14)
User documentation was updated for ALMA Cycle 2 proposal preparation and for 2014 releases of
CASAGUIDES, as well as for the helpdesk.
Scientific Workshops and Conferences (Q1, Q3, Q4 FY14)
The NRAO hosted, organized, or participated in a number of science meetings, community day events,
splinter sessions, and workshops (shown in Table 3.1). A number of community day events were
planned in advance of the call for ALMA Cycle 2 proposals and the proposal submission deadline on
Dec 5, 2013. Two of these Community Day Events (CDEs) were cancelled as a result of the government
shutdown.
Meeting

Table 3.1.1: NRAO Scientific Meeting Participation
Location
Date

IAU Symp. 303 - The Galactic Center: Feeding and
Feedback in a Normal Galactic Nucleus
Community Day Event at DPS
Community Day Event at U. Wisc
Community Day Event at NASA/GSFC
Community Day Event at U. Texas
Community Day Event at IPAC
VLA Sky Survey Workshop
NRAO Town Hall and splinter CDE
USNC-URSI National Radio Science Meeting
NRAO Science Symposium at the AAAS
2014 NRAO Postdoc Symposium
2014 Synthesis Imaging Workshop

Santa Fe, NM

Sep 30 – Oct 4, 2013

Denver, CO
Madison, WI
Greenbelt, MD
Austin, TX
Pasadena, CA
National Harbor, MD
National Harbor, MD
Boulder, CO
Chicago, IL
Charlottesville, VA
Socorro, NM

Oct 7, 2013 - cancelled
Oct 9, 2013 - cancelled
Oct 28-29, 2013
Nov 1, 2013
Nov 1, 2013
Jan 5, 2014
Jan 7, 2014
Jan 8-11, 2014
Feb 14-15, 2014
Apr 7-8, 2014
May 13-20, 2014
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Meeting

Location

Date

3rd U.S.-China Workshop on Radio Astronomy Science
and Technology
69th International Symposium on Molecular Spectroscopy
and CDE
Transformational Science in the ALMA Era: Multiwavelength Studies of Galaxy Evolution
MegaSAGE 2014 Surveying the Agents of Galaxy Evolution
NAC 2nd Annual Workshop and CDE

Green Bank, WV

May 19-21, 2014

Champaign-Urbana, IL

Jun 16-20, 2014

Charlottesville, VA

Aug 4-7, 2014

Charlottesville, VA
Washington, DC

Sep 2-5, 2014
Sep 6-7, 2014

Scientific Support for Software Services (Q1-Q4, FY14)
Science requirements were delivered to DMS for the NRAO data archive in Q1 FY14 as were
requirements for the pipeline processing interface. High level requirements were delivered to SSR for
the integrated science portal at the end of Q3 FY14 for further development and delivery to DMS in
FY15.
Progress on pipeline processing and heuristics continued through FY14. The ALMA calibration pipeline
became available in Q4. Manual data reduction on Cycle 1 and 2 continued, however, as described in
4.1. Progress on heuristics for the VLA pipeline are described in 4.2.

3.1.3 Science and Academic Affairs
A productive and scientifically active staff is fundamental to the successful operation of cutting-edge
observational facilities. The scientific staff is key to telescope operations, user support, and long-range
development and planning. NRAO has a world-class staff of about 75 astronomers, computer scientists,
and research engineers, recognized internationally for their excellence in telescope design and support,
as well as their technical and scientific knowledge and leadership.
The scientific staff is fully integrated into Observatory operations. All staff members have clear functional
duties relating to the major mission and facilities, as outlined in the other sections of this report. Staff
members lead efforts in education of the professional community, as well as public outreach, fostering a
scientifically literate society.
The SSR department has primary responsibility for the scientific productivity and research environment
at the NRAO through Science and Academic Affairs, overseeing the research aspects of all astronomers,
computer scientists, and research engineers at all sites. These responsibilities include: scientific staff
research travel budget, annual scientific performance appraisals, scientific staff hiring and academic
promotions, and scientific sabbaticals and leave. SAA also oversees adjunct appoints at NRAO, the
colloquia at NRAO sites, and the Jansky lectureship.
Postdoctoral Fellows
Science and Academic Affairs oversees the postdoctoral fellowship programs at the NRAO, including
the Jansky fellows and project postdoctoral appointees that typically entail 50% functional time. Drew
Brisbin, Minnie Mao, Max Moerbeck, Jennifer Donovan-Myer, Adam Kobelski, and Sam Bates are NRAO
project postdocs. The Jansky fellowship program is NRAO’s long-standing prize research fellowship
program. Jansky Fellows can be in residence at an NRAO site, or be located at external institutions in
the USA. The Jansky Fellow selection process was initiated in Q1 FY14 and concluded following the AAS
meeting in Q2 of 2014. Our current Jansky Fellows are:
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o
o
o
o
o
o
o

Chat Hull, based in Harvard-Smithsonian CfA, Cambridge
Brett McGuire, based in NRAO Charlottesville
Sarah Burke-Spolaor, based in NRAO Socorro
Laura Perez, based in NRAO Socorro
Chris Hales, based in NRAO Socorro
Jackie Hodge, based in NRAO Charlottesville
Betsy Mills, based in NRAO Socorro

We have numerous programs in place that foster the professional development of postdocs at the
NRAO such as the annual postdoc symposium, held in 2014 in Socorro from 7-8 April. Science activities
at all the sites include: lunch talks, colloquia, science teas. The postdocs are asked to organize some of
these activities. NRAO hosts or sponsors numerous summer schools on radio astronomy techniques
and science topics, including the 2014 Synthesis Imaging Workshop in Socorro. The postdocs are
encouraged to participate, and help organize in some cases. NRAO runs one of the longest-standing and
most successful Research Experience for Undergraduates REU programs, and the postdocs are
encouraged to supervise undergraduate students in summer research.
Fostering a strong scientific community of researchers and helping to train the next generation of
scientists and engineers remain important parts of the NRAO mission. The NRAO supports a broad
range of student opportunities including undergraduate, graduate, and post-graduate programs;
instrument and visitor programs to enhance university-NRAO collaborations; and workshops, schools,
and conferences. Despite budgetary pressures, these high priority programs continued in FY14.
Undergraduate Student Programs
The long-running (since 1959) NRAO summer student program continues to be very successful. This
10–12 week program allows approximately 25 students to work under the supervision of NRAO staff
members at sites in New Mexico, West Virginia, and Virginia, to carry out original research in
astronomy, computing, and engineering. Most of these students are funded through the NSF Research
REU program (renewed in FY14). Outstanding students that are otherwise ineligible for support by the
REU program (graduating seniors, foreign students, and early-career graduate students) are supported
by NRAO operating funds.
Student
Ben Holland*
Brianna Thomas*
Michelle Nowling*
Moiya McTier*
Daniel Wavle
Aara’L Yarber*
Myles McCay*
Kristen Luchsinger
Chris Bochenek
Tierra Candelaria*
Niklaus Dollhopf
Sara Denbo
Ryan Endsley
Devin Cody

Table 3.1.2: NRAO Summer Students
Affiliation
Advisor
Colorado School of Mines
Alison Peck
Howard University
Alison Peck & Jackie Hodge
Lone Star College - North Harris
Arielle Moullet
Harvard College
Drew Brisbin
Indiana University - Bloomington
Jennifer Donovan-Meyer & Adam Leroy
Howard University
Kartik Sheth
South Carolina State University
Kartik Sheth
St. John’s College
Mark Lacy
University of Chicago
Scott Ransom & Paul Demorest
The College of Idaho
Scott Schnee & John Tobin
University of Virginia
Tony Remijan
Michigan State University
Alyson Ford
Washington University - St. Louis
Jay Lockman
Yale University
John Ford
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Student
Gabriel Ortiz-Pena
Aspen Clements*
Gia Johnson*
Alexander Teachey
Rebecca Levy*
Kara Kundert
Vivana Rosero*

Affiliation
Penn State University
University of Nebraska - Kearney
Adams State University
CUNY Hunter College
University of Arizona
University of Michigan – Ann Arbor
New Mexico Tech

Advisor
Richard Prestage
Betsy Mills
Minnie Mao
Juergen Ott, Betsy Mills, & Dave Meier
Juergen Ott, Dave Meier, & Annie Hughes
Urvashi Rao
Mark Claussen

A new element to the summer student program was kicked off in 2014. The NRAO and AUI, in
partnership with the National Society of Black Physicists and with the participation of nearly 30
institutions, have established the National Astronomy Consortium (NAC). The primary mission of the
NAC is to increase the number of students into STEM and STEM careers who otherwise would have
been overlooked or removed by the traditional academic pipeline. In 2014, the inaugural year of the
NAC, we had three cohorts: one at Charlottesville, one in Socorro and one at the University of
Wisconsin - Madison. The students participating in the NAC program as summer students are indicated
by an asterisk in Table 3.2. The NAC cohorts made this the most diverse summer student body in the
more than 50 year history of the NRAO summer student research program
The NRAO runs a co-op program that enables undergraduate engineering students to gain practical,
career-based experience as part of their formal academic education. Students from participating
institutions work at NRAO sites for two non-consecutive semesters. Under the supervision of NRAO
technical staff, co-op students are engaged in problems on the technological frontier. Historically, three
students per semester have been funded through the NRAO operating funds although the program has
been curtailed for FY14.
Student
Allen Wo
Taylor Burdett
Gregory Doss
Lynnae Logan
Luke Hawkins

Table 3.1.3: Co-op Students
Affiliation
Georgia Tech
West Virginia University
Clarkson University
University of Texas - El Paso
South Dakota School of Mines

Advisor
Dan Mertely
Dan Mertely
Dan Mertely
Dan Mertely
John Ford

A modest amount of funds are available for undergraduate internships, where promising undergraduate
students participated in scientific or engineering activities, supervised by NRAO staff, over a period of
weeks to a semester.
Table 3.1.4: Undergraduate interns
Student
Affiliation
Advisor
Isaiah Acevedo
New Mexico Tech Silver Sturgis
Joseph Kloeppel
New Mexico Tech Wes Grammer
Jackson Krauss
New Mexico Tech Silver Sturgis
Lukas Gabert
New Mexico Tech Silver Sturgis
Jasmin Regalado
New Mexico Tech Silver Sturgis
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Graduate Student Programs
The NRAO is committed to training the next generation of scientists in radio astronomical science,
techniques, and technology. Several NRAO programs exist for this purpose. Graduating seniors and
first- and second-year graduate students are able to participate in the NRAO summer student program
described above. This gives students experience in radio astronomy research early in their graduate
careers, allowing them to incorporate these skills into their thesis research. Table 3.5 shows the
students supported in FY14.
Table 3.1.5: Graduate Student Interns
Student
Affiliation
Advisor
Andrew Burkhardt University of Michigan
Tony Remijan
Hansung Gim
University of Massachusetts - Amherst Emmanuel Momjian
Julia Gross
Columbia University
Emmanuel Momjian
Mathew Rickert
Northwestern University
Juegen Ott & Dave Meier
Loreto Barcos
University of Virginia
Adam Leroy
Gareth Jones
New Mexico Tech
Chris Carilli
The NRAO also awards Reber Doctoral Fellowships to students who have completed institutional
requirements for doctoral candidacy so that only their thesis research remains for them to complete
their PhDs. Such fellows take up residence at one of the NRAO sites, typically for two years, while they
complete their research and thesis under the supervision of an NRAO staff member. Reber Fellows
supported in FY14 are listed in Table 3.6
Table 3.1.6: Reber Predocs
Student
Affiliation
Advisor
Crystal Anderson New Mexico Tech
Juergen Ott
Tannaz Farrahi
University of Virginia
Tony Kerr
Bang Nhan
University of Colorado Rich Bradley
Joanna Corby
University of Virginia
Tony Remijan
Charles Romero University of Virginia
Brian Mason
Greg Stonko
University of Virginia
Tony Kerr and Arthur Lichtenberger
The NRAO also supports many of the 100+ PhD students making use of NRAO telescopes each year.
Travel reimbursement, low-cost accommodations, and computing facilities are provided on-site to assist
these students. The Observatory also supports stays lasting several weeks to several months by students
who wish to collaborate with NRAO staff scientists as part of their PhD research. These student
internships help forge valuable long-term links between the NRAO and the university community.
Student Observing Support
Financial support was available in FY14 on a competitive basis for students performing thesis
observations with ALMA. Students at U.S. universities are eligible for the Student Observing Support
(SOS) program, which is designed to cover salary and miscellaneous expenses such as computers and
travel to conferences to a maximum of $35,000. NRAO was able to continue this very popular program
in FY13, and was able to integrate ALMA early science into the program, thus supporting students for
observations using any of the four NRAO telescopes: ALMA, VLA, GBT, and VLBA. Unfortunately, due
to budget pressures, SOS support in FY14 was terminated for VLA, GBT, and VLBA observers. Grants
awarded for student observers on ALMA are listed in Table 3.7. See 4.1.2.3 for additional details.
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Table 3.1.7: Student Observing Support
PI
Student
Affiliation
Dillon Dong
Pomona College
Lee Armus
Marcel Neeleman
University of Arizona
Alison Coil
Ian Czekala
Harvard College
Sean Andrews
Harry Desmond
Stanford University
Roger Blanford
Katherine Jameson
University of Maryland Alberto Bolatto
Shuo Kong
University of Florida
Jonathan Tan
Nathaniel Hendler
University of Arizona
Ilari Pascucci
Gregory Walth
University of Arizona
Eiichi Egami
Erika Nesvold
University of Maryland Marc Kuchner
Allison Youngblood
University of Colorado John Bally
Xiang Wang
University of Kentucky Gary Ferland
Justin Spilker
University of Arizona
Dan Marrone
Youngmin Seo
University of Arizona
Yancy Shirley
Meredith MacGregor Harvard College
David Wilner
Megan Ansdell
University of Hawaii
Jonathan Williams
Visitor Support
In addition to its commitment to educating and training future generations of undergraduate, graduate,
and post-graduate students, the NRAO has worked to assist and support an active U.S. radio astronomy
community. This is accomplished in a variety of ways including staff community service, a visitor
program, organizing and hosting scientific meetings, and providing funding assistance to university-led
hardware and software projects. These interactions enable NRAO scientists and engineers to engage
with the wider astronomical community, and they serve as important links through which the
community can maintain a fruitful relationship with the Observatory. A key benefit of these programs is
that they allow for community-wide input into Observatory priorities for science, instrumentation, and
software development. Visitors to various NRAO sites during FY14 included:
o
o
o
o
o
o

Eva Shinnerer (Max Planck Institut fur Astronomie), in Socorro
Fabian Walter (Max Planck Institut fur Astronomie), in Socorro
Tom Pannuti (Morehead State University), in Socorro
Elif Becklin (Middle East Technical Univ., Turkey), in Charlottesville
Nipanjana Patra (Raman Research Institute, India), in Socorro
Christine Wilson (McMaster University), in Charlottesville

The NRAO has supported a number of university-based instrumentation development programs, such
as those currently taking place on the GBT and at the Central Development Laboratory (CDL). These
programs create training opportunities for students and postdocs, as well as the opportunity to develop
science and technology pathfinder instruments. Unfortunately, for FY15, visitor support has been
suspended as a result of budget pressures except for those supported by the NAASC. The NRAO
facilities sections of this Plan include examples of university-led software and hardware projects. These
programs will continue to be fostered in FY15 using available operations funds and through collaborative
efforts funded by external means.
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3.1.4 Science Support and Research Services
SSR services include Reference Services, comprising the NRAO library and the historical archives, and
statistics and metrics services.
The NRAO Library: The NRAO Library has been proactive in migrating to online, distributed access to
research and reference materials for NRAO staff and the wider community. In the coming year
Library will also continue to expand eBook titles. Contracts for eJournals packages and eJournals access
were negotiated in Q2 FY14.
Historical Archives: The NRAO Archives actively seeks out, collects, organizes, and preserves
institutional records, personal papers, multimedia materials, and oral histories of enduring value that
document NRAO development, institutional history, and instrument construction. As the national
facility for radio astronomy, the Archives also include materials on the history and development of radio
astronomy in the United States, and our growing reputation has made our Archives the de facto
repository for U.S. radio astronomy history. Funding for the Archives comes from NRAO operations
and support from AUI.
Statistics and Metrics: See Appendix C.
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4 OBSERVATORY TELESCOPE OPERATIONS
4.1 Atacama Large Millimeter/submillimeter Array
The following sections describe the FY14 accomplishments and contributions of North American ALMA,
which includes both operations and construction activities. North American ALMA Operations is the
NRAO department that provides NA’s scientific and technical partnership support and construction
contribution to the international ALMA Observatory and supports the North American community in
their use of ALMA. Specifically, NA ALMA ensures that the NA’s scientific community has the tools,
information, support, and access to make optimal scientific use of ALMA. It also provides scientific,
technical, and business support to observatory operations in Chile in concert with the JAO staff and our
international partners. In addition, it supports a long-term development program for the technical
enhancement of ALMA. NA ALMA divisions are the NA ALMA Construction Office, the NAASC, NA
Offsite Technical Support, and NA ALMA Development.

4.1.1 North American ALMA Construction Project
Both Level-1 Work Packages of the North American ALMA Construction Project (ALMA-Bilateral and
ALMA-Japan) came to successful conclusions on 30 September 2014. The financial Variance At
Complete (VAC) for the ALMA-Bilateral Project is $0.73M, equivalent to 0.13% of the total ALMA-B
budget of $544.9M. The financial VAC for the ALMA-Japan Project (Goods & Services Agreement) is
$1.74M, equivalent to 6.7% of the total ALMA-J budget of $25.99M. All shared cost accounts between
the NRAO and the European Southern Observatory (ESO) are cost and value balanced. All shared cost
accounts between the NRAO and the National Astronomy Observatory of Japan (NAOJ) are cost and
value balanced.
Construction and acceptance of the Site electrical power distribution infrastructure (ALMA-B
workscope) was impeded by a variety of problems, foremost among them being contractor
performance, accelerated corrosion of electrical power equipment, and disputes about the suitability of
some equipment design features. Consequently, a No-Cost Extension was requested of, and granted by,
the National Science Foundation to complete the Final Acceptance process of Site infrastructure. All
essential elements of the Site infrastructure were delivered to the Joint ALMA Observatory in early
September and supported an on-schedule start of Commissioning Science’s Long Baseline Imaging
campaign.
The full workscope of the ALMA-Japan (Goods & Services Agreement) was completed in Q2 FY14.
During this same time interval, the NAOJ requested the NRAO to produce additional Band 4, Band 8,
and Band 10 cryogenic frequency multipliers. The manufacture of this additional hardware was
completed in mid Q4 FY14.
Acceptance of Optical Pointing Telescopes (Q1 FY14)
All six (6) Optical Pointing Telescopes (OPTs) were delivered to the Operations Support Facility (OSF),
and performance tested, by Q2 FY13. Since then, alternative means of antenna pointing have superseded
the OPTs. Consequently, the priority assigned to formal acceptance was down-graded and postponed
into FY15. If the acceptance review process is incomplete at the end of Q1 FY15, de facto acceptance
occurs per the established ALMA Warranty Policy.
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Complete installation of 400V cables and fuse disconnects at AOS (Q1 FY14)
Approximately 50 km of 400V power cable runs from the 23kV/400V transformers, to the fuse
disconnects, and to the antenna stations in the extended array were completed. All of the power cable
is buried; the original design did not require burial of power cables in the extended array. Underground
conditions (solid rock) in the extended array zone necessitated re-routing to avoid the solid rock
formations, burying the cable at a shallower depth and covering with extra overburden, or timeconsuming break-up and removal of solid rock where it was unavoidable, all of which delayed schedule
and increased cost. All fuse disconnect installations (35) and associated cabling was completed during Q4
FY14.
ALMA Construction Completion and Operations Readiness Review (Q2 FY14)
The combined Construction and Operations Readiness Review was scheduled to occur during mid Q4
FY14. In response to technical and organizational problems, the scope of the Review was divided into
two, separate reviews; one addressing construction completion and another addressing operational
readiness. The Construction Completion Review remained scheduled for mid Q4 FY14 and the
Operational Readiness Review was postponed until Q2 FY15. Subsequently, the Construction
Completion Review was further decomposed into a series of incremental reviews, each devoted to the
workscope of a particular Integrated Product Team. The last review among these addressed Site
infrastructure and was conducted on 28 September.
The JAO has formally accepted all four quadrants of the Correlator, and all software delivered by the
North American Software IPT. The JAO has conditionally accepted all Antenna, Back End, Front End,
and Site deliverables. Final Acceptance of Back End (BE) and Front End (FE) deliverables is contingent
upon the JAO ALMA Project Manager’s and Observatory Director’s review and approval of the BE and
FE data packages. Final Acceptance of Antenna and Site deliverables is contingent upon resolution of
agreed close-out plans.
Complete delivery of Thermal Interlock Modules (Q2 FY14)
Front End Thermal Interlock Module (FETIM) unit number one was successfully fit-tested and
performance verification tested, on Front End No. 66, at the JAO Operations Support Facility, in early
Q2 FY14. Final assembly of all seventy-five (75) FETIM units was completed shortly thereafter. All units,
and spare parts, were delivered to the JAO at the end of February 2014. The JAO will define the Front
End temperature set-points and upgrade the control firmware prior to implementation of the FETIMs
(schedule to be determined).
Complete delivery of NAOJ Band 4, 8, and 10 multipliers (Q2 FY14)
Delivery of the baseline contract quantities of Band 4, Band 8 and Band 10 cryogenic frequency
multipliers (quantity 112, 112, 146, respectively) were completed in Q2 FY14. The NAOJ expanded the
scope of the Goods & Services Agreement during mid Q2 FY14; specifically, the quantities of Band 4,
Band 8 and Band 10 cryogenic frequency multipliers were increased by 14 units for each Band (total
increase of 42 multipliers). Delivery of the additional multipliers was completed in mid Q4 FY14.
Delivery of first Front End Handling Vehicle (FEHV) (Q2 FY14)
FEHV design, development, test and evaluation activities were suspended during FY13 in response to a
projected, negative financial Variance At Completion. FEHV DDT&E activities resumed in late Q2 FY14
as project finances improved and stabilized. The first of four FEHV units was delivered to the JAO, for
field trial and evaluation, during early Q4 FY14. Three (3), minor design modifications are required to
achieve compatibility with the four (4), unique, antenna cabin configurations. Requests for Waivers
(RfWs) were submitted and authorized by the ALMA Change Control Board to slightly relax weight and
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cabin clearance requirements. Unit No.1 was returned to the manufacturer for retrofit of the
aforementioned design changes. It will be returned to the JAO along with the upgraded Units 2, 3 and 4.
Delivery of three remaining FEHVs (Q4 FY14)
An additional subcontractor (fabricator) was engaged in an effort to expedite the manufacture of Units
2, 3, and 4. The initiative was unsuccessful; the subcontractor delivered faulty product to the prime
contractor. This resulted in rework (at no additional cost to the Project) and further schedule delay.
Delivery of Units 2, 3 and 4 is integral to the No-Cost Extension described in Section 4.1.1 of this
report. All FEHVs will be delivered to the JAO by the end of Q1 FY15. Operator training, and
maintenance technician training, will be conducted at the JAO Operations Support Facility during late
Q1 FY15.

4.1.2 NA ALMA Science Operations
The North American ALMA Science Center (NAASC) is the scientific support arm of NA ALMA Ops.
The NAASC has three management groups – the Telescope Support Group (telescope-facing), the User
Support Group (user-facing, ALMA-specific), and the SUS Group, which reports to the SSR department
and is matrixed to the NAASC. SUS is the NRAO-wide science operations group that unifies common
support programs across the NRAO. The NAASC specifies its requirements for science operational
support, and contributes staff into this pool, which can then be effectively leveraged for best economy of
scale and uniformity of approach.
Telescope Support Group: The NAASC Telescope Support Group (TSG) provides support for Joint
ALMA Observatory (JAO) operations, both from NA and through temporary deployments to Chile.
The NAASC provides domain-expert assistance to the JAO “Extension of Capabilities” effort (EOC –
known as commissioning during the construction era) in areas where the NAASC has key expertise that
is missing or understaffed at the JAO. In FY14 the NAASC provided 25.5 months of EOC support
deployed to Chile. This included two full time staff on re-deployment to the EOC through the end of
FY14 (one as EOC lead), and temporary deployments (1-2 month tours) of five additional domain
experts. The NAASC also supported an extended visit to the JAO by an expert sabbatical visitor
(Christine Wilson, McMasters University). NA EOC contributions included investigations and reports on
calibration stability, single dish commissioning, band-to-band and bandwidth transfer, spectral scans, and
software acceptance. In addition to these EOC support missions, the NAASC provided 13 Astronomer
on Duty (AoD) shifts or “turnos” and 6 EOC shifts over the year.
Additional support of JAO operations was provided in bi-annual software acceptance testing of all ALMA
operations software subsystems, and by providing Subsystem Scientists and regional “Cognizant Leads”
for each software subsystem and each international ALMA working group. The NAASC provided three
subsystem scientists (CASA, helpdesk, and science portal) and ten Cognizant Leads and served on eight
Working Groups. A particularly significant effort from NA this year was in the testing, characterization,
and feedback to the pipeline subsystem and development of the pipeline operations plan for Cycle 1 & 2
(C1 & C2) data. During these tests, the pipeline met the goal of successfully processing more than half of
the C1 & C2 datasets with little to no manual intervention. The NAASC involvement was crucial to the
successful deployment of the calibration pipeline that occurred at the end of Q4 FY14. Until this time
(and on-going, for a subset of all observations), calibration is carried out manually with the help of script
generators. The NAASC staff provided most of the support for the QA2 script generator, which is
critical for the manual reduction effort.
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An FY14 POP milestone was for ALMA Operations management team to participate in the ACCOR
(ALMA Construction Completion and Operations Readiness) review in Q2 FY14. This was deferred
when the ALMA Board moved the review to Q2 FY15.
User Support Group: The NAASC User Support Group is responsible for direct support of the NA
ALMA user community (ALMA-specific support). In FY14, user support responsibilities included support
of the C2 call (Call for proposals issued on 24 October, 2013, with a deadline on Dec 5, 2013). The
NAASC sponsored six community training events--two webinars and four community day events
(CDEs), reaching 115 people with the live events and eight via the webinars. More were planned but had
to be canceled due to the U.S. Government shutdown and NRAO furlough in Q1 FY14. This was the
first proposal cycle in which we held webinars, and we found that they are less effective for generating
new ALMA users than the CDEs. An additional three ALMA outreach events were held after the C2
proposal deadline, in conjunction with other science meetings (AAS, UIUC Molecular Spectroscopy
meeting, and NAC II Workshop).
During the C2 proposal season, the NAASC supported 195 helpdesk tickets and created 24
knowledgebase articles. For the year the NAASC answered 364 tickets and created 36 knowledgebase
articles. NRC provided all helpdesk support during the US Government shutdown, and additional afterhours helpdesk support in the final week leading up to the proposal deadline. The NAASC provided the
NA community with continuous helpdesk coverage in the 36 hours leading up to the proposal deadline.
C2 was very successful, with 1381 proposals submitted (the most for a single call for any observatory),
including 418 from NA affiliated PIs (318 unique investigators). NAASC assigned Contact Scientists (CS)
to 136 NA-supported C2 projects, and continued CS support of 78 C1 projects. The duties of CSs
include assisting PI projects with the review of their “phase 2” products (observing scripts), with updates
on project status, answering questions on observing strategies and data products, and assisting with data
reduction and analysis for visiting PI teams.
Shortly after the C2 deadline, the NAASC contacted all NA PIs who submitted ALMA proposals asking
them to fill out a short questionnaire on the C2 proposal process. There were 74 respondents (23%),
and users expressed overall satisfaction with the proposal documentation, helpdesk support, and
process. Useful feedback on the ALMA Observing Tool was collected and used to inform desired
changes for Cycle 3 (C3). The NAASC helped generate the international ALMA Users Survey that was
distributed to all registered ALMA users in Q3.
A primary NAASC support activity for the year was manual data reduction for both C1 and C2 data.
Concurrently, NAASC staff ran a number of these projects through the calibration pipeline release
candidates and compared the end products with the by-hand results. Over the period of this report NA
evaluated 158 completed datasets (131 C1 and 27 C2) encompassing 300 executions, and delivered 183
datasets to NA-supported PIs (157 C1 + 26 C2 encompassing 344 executions) (see Figure 4.1). These
are the time-intensive by-hand reductions (pre-pipeline). On average there are ~sic NAASC staff
reducing data in any given week, although there have been extended periods when all available NAASC
staff were pulled into service (peak of 18).
A Q3 FY14 milestone was to complete the close-out of all C1 data reduction after the planned
completion of Cycle 1 in May 2013. However, due to the low completion fraction for Cycle 1
observations, a project-wide decision was made to allow C1 High Priority project to transfer into C2.
As of this writing, an estimated 273 hours of C1 projects remain uncompleted (~90 hours for NA). Even
though these projects have a high priority (only the remaining 116 hours of C2 "A" graded proposals
have a higher scheduling priority), they are spread over a range of required configurations and LST so
that completion and close-out of these observations is not expected until the end of C2 (Q1 FY16).
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LBC
Start of Cycle 2

PL Deployed

Figure 4.1.1: Data reduction and delivery progress for all NA-supported C1 and C2 projects. The upward inflection point in
the black curve indicates the start of C2 observing on 1 January 2014, and the flattening indicates the cessation of science
observing for the EOC “Long baseline campaign” (LBC). The upward inflection in the green plot indicates the assignment of
projects to the calibration pipeline once it was deployed in September 2014.

C2 user support continued after the proposal deadline with the hosting of the proposal review in
London, Ontario for which NAASC (including NRC) provided three technical secretaries and four
technical assessors, as well as logistical support. Following the release of the proposal review results,
NA experts prepared the Phase 2 products for 136 NA-supported C2 projects (including some from
Chile and non-ALMA regions), and supported the transfer of uncompleted C1 high priority project into
C2, and CS staff reviewed these products with their assigned PIs.
Preparation for ALMA C3 included participation in meetings throughout the spring and summer on
progress towards delivering C3 capabilities, and providing detailed input to software developers on
required changes to software subsystems. The C3 Call for Proposals will be issued in Q2 FY15 so
software testing and documentation preparation was deferred to FY15.
Science User Support: NA ALMA Ops supported the following programs for students and scientific
professionals in FY14.




Student Observing Support (SOS) Program (funded by NA ALMA and managed by SSR). A total
of 41 application requesting $1,080,523 were received from NA graduate and undergraduate
students associated with successful ALMA C2 Early Science observing proposals. 15 awards
were made, amounting to $407,021 ($229,577 encumbered in FY14)
Data Reduction Visitor Support. The NAASC provided travel and expert science support for 13
Data Reduction visitors
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Sabbatical visitors. The NAASC provided partial support for one sabbatical visitor in FY14 (C.
Wilson, McMasters. She helped with EOC activities, with half her time split between JAO and
the NAASC
Four Reber pre-doctoral Fellows (funded by the NA ALMA and managed by SSR).

4.1.3 NA ALMA Offsite Hardware Technical Support
The NRAO NA ALMA offsite hardware maintenance team is comprises of several groups in
Charlottesville including the Front End (FE) (components as well as test and measurement systems),
Band-6 cold cartridge, FE Local Oscillator (warm cartridge assembly and cryogenic multipliers),
Photonics (central LO modules and antenna articles), Correlator, and Antenna; as well as the Back End
(BE) group in Socorro (antenna articles, data receiver articles, and some of the central LO articles).
These groups addressed all of the operational activities listed in the NRAO 2014 Program Operating
Plan and addressed the milestone(s) identified therein. The following paragraphs summarize the key
operational activities of the various groups to support the operations and maintenance of the ALMA
telescope.
Front End: The NA Offsite Front End group repaired or built (as indicated below), tested, and shipped
the following hardware to the OSF:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

IF switch assemblies (Qty. 6 repaired, under contract with Norden Millimeter).
FEMC Mux boards (Qty. 10 spares were built, and programmed).
Cryo M&C boards (Qty. 17 repaired).
Repaired the old CPDS test system and repaired Qty. 42 “rejected” boards leftover from
construction phase.
5 V power cables (Qty. 10 built).
Serial MUX to AMBSI cables (Qty. 10 built).
Serial MUX to ARCOM interface boards (Qty. 9 built).
FEMC modules (Qty. 10 updated and tested).
FETMS IF processors (Qty. 1 repaired).
CPDS M&C boards (Qty. 8 programmed).
Boxes to protect the FETIM connectors attached to the FE chassis were built and shipped to the
OSF (for all FE assemblies).
Upgrade kits were assembled and shipped to the OSF for interim FE assemblies that still needed
to be upgraded.

Other support activities:
1. Provided FE test and measurement system support, debugged and/or repaired IF processors,
transfer switches, LORTM and VNAs.
2. Improved the locking algorithm for Band-10 and deployed it.
3. WCA/LO output power limiting software (left for future implementation during the initial
operation phase software implementation) was developed, tested and is nearing deployment.
4. FETMS data processing and plotting software was improved with the help of a summer student
and the improvements are being integrated into the FETMS software.
5. Rebuilt the software after failure of a on the NSI pattern control computer on one FETMS
system (EA) at the OSF.
6. Band 10 beam pattern stability investigations resulted in “Motion Tracking Interferometer”
software, which corrects pattern data by periodically returning to beam center to measure
amplitude and phase, to be implemented at the OSF to cure instability issues.
NRAO | FY14 Annual Progress Report

24

7. FETMS software modified and deployed to capture the “post CRE” Band 10 noise specifications
accurately.
8. Modified and improved (and provided hardware for) the fiber optics mechanical support system
to alleviate problems with beam squint when measuring Band-10.
9. Upgraded the FETMS computers (and operating systems) in the CDL, followed by necessary
upgrades to the application software and some hardware.
10. Performed annual calibration cycle on all test equipment in the CDL FE laboratory.
11. Prepared the tilt table and FETMS systems in the CDL FE laboratory to receive the test cryostat
from RAL.
Band-6 cold cartridge: The list of notable activities within the Band 6 FE CCA group included:
1. Cold cartridge assemblies (Qty. 7) were repaired and shipped to the OSF.
2. Received and evaluated SIS mixer wafer-17 and wafer-18 from UVA.
3. Re-created the institutional knowledge regarding mixer-preamplifier construction that was lost
following the departure of staff after the construction phase. Several mixer-preamplifiers sets
were constructed and tested (tier-2 spares).
FE Local Oscillator: The Offsite FE Local Oscillator Group repaired or built (as indicated below),
tested, and shipped the following hardware to the OSF:
1. Band-3 WCAs (Qty. 3 were built using Tier-2 spares, Qty. 6 were repaired).
2. Band-6 WCAs (Qty. 1 was repaired. One test oscillator, in use by the Band-6 cold cartridge
group was repaired).
3. Band-7 WCAs (Qty. 3 were built using Tier-2 spares, Qty. 4 were repaired).
4. Band-9 WCAs (Qty. 1 was repaired).
5. Band-10 WCAs (Qty. 2 were repaired).
Other activities:
1. Several Tier-2 modules (AMC, PA, MCDPLL, YTO, etc.) were debugged and repaired.
2. Performed annual calibration cycle on all test equipment in the CDL FE LO laboratory.
3. Upgraded the test computers (and operating systems) in the CDL FE LO laboratory, followed
by necessary upgrades to the application software and some hardware.
Photonics: List of notable activities for the Offsite Photonic group includes:
1. LO Photonic Receivers (Qty. 4 were repaired and shipped to the OSF
2. Line length correction (LLC) modules (Qty. 2 were repaired and shipped to the OSF).
3. LO Photonic Receiver meta-cables (Qty. 2 were repaired and shipped to the OSF), another Qty.
40 were prepared for shipment).
4. Upgraded CLOA2 GUI for LS calibration.
5. Prepared Qty. 4 complete kits for SAS optical module assembly by the vendor, L2020.
6. Preparing Qty. 2 of LLC modules for shipment to the OSF.
7. Investigating the FDMC (located in the CLOA) bug resulting in PRD not going to stand-by.
8. Ordered Agilent CVR replacement, fiber inspection scope, ordered spare photo-mixers for LS,
LS6 maintenance.
Correlator: The support effort for the Offsite Correlator group consisted mainly of discussions with
the software group in efforts to understand bugs uncovered during their development of new
Correlator features.
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Back End: Repaired or built (as indicated below), tested and shipped the following hardware to the
OSF:
1. IF Processors (Qty. 10 repaired, under contract with the original vendor).
2. “Second” LO modules (Qty. 10 repaired).
3. Fiber Optics wraps (Qty. 2 repaired).
4. Receiver articles and DTS formatter boards (several were repaired).
5. IF processor down converter module antenna articles (Qty. 2 built).
6. Power supplies (Qty. 20 repaired).
7. The OSF IF Processor (IFP) Test Stand needed Tier 3 support and replacement test equipment
was shipped.
Other notable activities:
1. IF processor test stand was recalibrated.
2. Two BE support staff departed during this year, one position has been filled, search is ongoing
for the other position.
3. Four staff from the BE offsite support group provided training for the BE staff onsite at the OSF
in the third quarter.
4. Investigation was started and is ongoing to address the problem of RFI injection by the “second”
LO modules. A larger frequency range spectrum analyzer was shipped from the offsite group to
the OSF to aid this investigation (and a replacement was procured).
5. Root cause investigation is ongoing (with the help of the AMG staff and the IF processor
vendor) to address the issue of power degradation of the Hittite IF amplifiers in the IF
processors.
Antenna: The Offsite Antenna group was largely engaged in Construction Antenna IPT activities
involving the analysis of the surface accuracy of NA ALMA antennas.
Milestones: A note on the ALMA milestone [13]: “Establish long-term maintenance contracts for vendor
bulk modules”.
The objective was to set up long term support contracts for repairs by the original vendor. So far, in
general, the need for this has not materialized and vendors continue to support the repairs on asneeded basis for BE, FE, FELO, and most Photonics LO modules. An initial, year-long blanket order was
set up with General Photonics for the calibration of the Line Length Corrector (LLC) LRU, with the
understanding that it will be repeated in the following years until all LLCs have been cycled through (if
deemed necessary to do so).

4.1.4 NA ALMA Offsite Software Technical Support
The NA ALMA Offsite Software Technical Support Group provides support the ALMA Baseline
Correlator and Central Electronics Monitor and Control System, for Data Formation and Scheduling
Block Execution, Dynamic Scheduling (in commissioning in FY14), CASA Programming Support and
Development, and Data Pipeline Development. These activities are supported by NA ALMA Operations
and matrixed to the Data Management and Software Department for management and execution.
Accomplishments in these areas are described in detail in 6.2 Data Management and Software.
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4.2 Very Large Array
In FY 2014 NRAO continued to offer a suite of robust and scientifically powerful observational
capabilities on the VLA, designed and tailored to address the highest priority scientific needs of the
general community. In telescope operations much of the effort went into ensuring that the array was
calibrated, maintained and performing optimally. There were a small number of upgrade projects chosen
to improve performance in several areas including antenna pointing, receiver stability, and digital sampler
reliability and performance.
Two occurrences impacted the completion and delivery of several milestones by the end of FY14: the
shutdown of the Observatory for two weeks in October 2014, and NRAO taking on the VLITE project
under contract to the Naval Research Laboratory, both of which happened after the FY14 POP was
completed. A re-prioritization of the milestones and goals within NM Operations at the beginning of the
fiscal year identified the milestones expected to be affected, and are annotated here as appropriate.

4.2.1 Operations
NRAO continued to offer three types of observing programs to VLA users in FY14: General Observing
(GO), Shared Risk Observing (SRO) and Resident Shared Risk Observing (RSRO). Increases in observing
capabilities were offered for both semester 2014B and 2015A. In particular, the following capabilities
were moved into GO in 2015A, compared with 2014A: P-Band Stokes I continuum observing,
correlator recirculation, mixed 3-bit and 8-bit samplers, and correlator dump times as short as 50 msec.
On-the-fly mosaicking was successfully tested and offered through the SRO program for 2015A. In
addition, the operation of phased VLA modes, sub-arrays, and fast correlator dumps were stabilized.
All array reconfigurations completed successfully, although the moves to BnA, A, and D configurations
were all delayed by a week due to the Observatory shutdown, to ensure that all high priority Bconfiguration science could be completed. The length of the D-configuration was reduced by one week
to match, and the DnC and C reconfigurations occurred on schedule.
An evaluation of the possibility of moving array operations to Socorro for evening and night shifts was
completed, which will guide future efforts to operate the VLA remotely over the next two years.

4.2.2 Upgrade and Enhancement Projects
VLA ACU Replacement Project: The Critical Design Review of the ACU, originally scheduled for Q1
FY14 was delayed until Q2 because of the Observatory shutdown, and a second prototype ACU was
installed in an antenna in March 2014. Various problems with the prototype design were identified
during the CDR and subsequently confirmed by operational tests of the first and second prototypes in
the field. Scientific evaluation of these two prototypes was mostly completed, but given the problems
evident (self-generated RFI, system reliability, pointing accuracy and settling time), and the need for key
scientific staff to work on VLITE, this work was re-prioritized and the milestone was not completed in
FY14. In addition, installation of a third ACU (originally scheduled for Q4) was considered premature.
Modifications to the design are being investigated and will be implemented and tested in a production
version during FY15.
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4-Band Feed Development Project: Tests of the Modified J-Pole (MJP) feeds showed promising results
as far as system sensitivity and bandwidth were concerned, but the build-up of static charge due the feed
mount was found to damage the receivers. A new mount was designed and has been installed with MJP
feeds on six antennas; detailed testing will begin when the array is again in its extended configurations in
2015 as referenced in the FY15/16 POP.
C- and L-Band Thermal Gap Retrofits: New thermal gaps were installed on 3 VLA C-Band receivers,
and 6 VLA L-Band receivers.
Card Cage Upgrades: New card cages were installed on 48 VLA front ends.
VLA 3-bit Sampler Upgrade: Hittite 3-bit sampler assemblies were installed on two antennas in Q2.
Performance was as expected, and better than most of the legacy Teledyne sampler assemblies. The
estimate of improvement vs. cost to replace Teledyne with Hittite chips is described in a memo by
Butler, Dhawan, & Durand (2013). The replacement of 112 poorly-performing sampler boards requires
approximately $1.1M, but a reasonable option moving forward is to replace the worst Teledyne
samplers (which are discontinued chips) with the Hittite chips (which are still commercially available).
The latter approach is being adopted in FY15, enabled by external funding.
VLA API Hardware Upgrade: The API upgrade aimed to replace the existing VLA Atmospheric Phase
Interferometer, which was built from aging and inflexible parts, and became a challenge to maintain.
Milestones in FY14 included the installation of a second baseline for the interferometer, and the
integration of the API output into VLA operations. Both these milestones were identified at the
beginning of the fiscal year as being at risk of being impacted by both the Observatory shutdown and
VLITE. Nevertheless, both milestones were met by the end of the FY, and the full four-element system
is being tested.
Capability Enhancements for Semesters 2014A, 2014B, and 2015A
Specific capability enhancements on the VLA are driven and guided by approved RSRO proposals, and
the resources provided by those proposals. Table 4-3 in the POP outlined a possible development path,
subject to some assumptions about effort from participants in the RSRO program. To a large extent, the
capability delivery schedule in Table 4-3 was followed. Most of the items noted in that table as moving to
General Observing by 2015A were indeed offered through that program in the 2015A Call for Proposals
(released July 2014). Eight-channel recording for VLBI remained Shared Risk for 2015A, but available for
all users as a capability. Of the three capabilities in Table 4-3 originally planned for SRO only on-the-fly
mosaicking was requested through the RSRO program and subsequently commissioned, so the
commissioning of sub-arrays with the 3-bit samplers, and the use of a single-antenna sub-array for VLBI
(“Y1”), was not required. On the other hand, the increase of the number of sub-bands per 8-bit
baseband from 16 to up to 32 in order to provide increased flexibility for joint continuum/spectral line
set-ups was of interest to the community, and was commissioned and offered through the SRO program
for 2015A, ahead of the original schedule. All milestones for the 2014B semester were met.
Operational Enhancements
Improved Referenced Pointing: The ability to specify a different reference antenna or sub-band was
implemented within the online software in Q4, but has not been exposed to users, or used in any other
way in the system. Scientific testing of this item was delayed due the redirection of effort to VLITE in
Q4. However, other enhancements to referenced pointing were implemented in FY14, including
improved robustness to misbehaving antennas or electronics, along with the implementation of multiNRAO | FY14 Annual Progress Report
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sub-band phasing (necessary for most phased-array observations). The existing method of referenced
pointing works in most cases, and will continue to be used in the absence of the improvements originally
planned.
Tipping Scans: The implementation of tipping scans on the VLA was identified at the beginning of FY14
as potentially being severely impacted by the need to divert key scientific staff to VLITE. In addition, the
loss of scientific and programming staff at the beginning of the year further impacted the delivery of this
item. By the end of Q4 tipping scans were supported in the observing system, but testing was blocked
because scheduling blocks including TIP scans would not validate in the OPT. The testing and analysis of
TIP scan data will continue into FY15. For the last four years (since turning on WIDAR) we have been
using weather data and atmospheric models as a proxy, and will continue to do so until tipping scans are
fully commissioned. The impact of the lack of tipping scans is that any high frequency observations for
which a primary flux density calibrator is not observed at a similar elevation to the target has an
increased uncertainty in its absolute flux density scale, by a few percent.
Improved Switched Power Calibration: Switched power measurements at all bands and for all
antennas were stabilized during FY14, in preparation for commissioning and documenting their use for
calibration in CASA, in FY15.
Pipeline Heuristic Development: Work on VLA pipeline heuristics was identified at the beginning of
the fiscal year as potentially being impacted by the Observatory shutdown. Nevertheless, considerable
progress was made. The heuristics for handling weak calibrators were defined conceptually, and
successfully tested on high frequency data (see Isella et al. 2014, ApJ, 788, 129). The technique has the
potential to be more generally applicable; however, further development in CASA is needed to associate
frequency to gain calibration solutions instead of spectral window IDs. This development is planned for
CASA 4.4. Improved L-Band RFI flagging techniques were investigated, and found that improvements can
be made when tailored to specific observing set-ups. As a result of the work done so far new options
have been made available in the CASA task “statwt”, and additional modifications are being requested
for CASA 4.4.

4.2.3 Maintenance and Renewal
Antennas: The FY14 POP noted that a total of six antenna overhauls were planned over the full fiscal
year. Nine antennas were actually overhauled during FY14. The planned azimuth bearing replacement
did not take place because personnel problems in the Antenna Mechanics group, and the diversion of
resources to work on failing VLBA wheel assemblies.
Track: 2500 cross ties and three antenna pads were replaced in FY14.
Site Infrastructure: A proposal for the future of the VLA VAX building was developed and submitted
to the AD for NM Operations in Q2, which recommended the demolition of the structure. The VLA
Activity Center transformer was replaced in Q3, and preventive maintenance was performed on 90 VLA
site transformers and the hatch gear by the end of Q4. A milestone in the FY14 POP inadvertently
identified additional hatch gear maintenance to take place in Q2, however this error was identified in a
QSU exception report.
Replacement of the azimuth bearing on one antenna was delayed as staffing issues prevented this from
being completed in FY14. As this is a yearly maintenance activity, the activity will not be additive and
only one azimuth bearing will be replaced as identified in the FY15/16 POP.
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4.3 Very Long Baseline Array
VLBA operations in FY 2014 emphasized stabilizing and documenting existing capabilities, and improving
the array’s ease-of-use and reliability. Science operations emphasized Large/Key Science Projects,
especially those that make effective use of the array’s unique astrometric capabilities. In addition to a
regular infrastructure maintenance and renewal program, upgrade projects will focus on retiring legacy
hardware and software systems.
As noted in Section 4.2 for the VLA, the Observatory shutdown and VLITE impacted the delivery of
several milestones in FY14. These are noted below as appropriate.

4.3.1 Operations
NRAO continued to offer three types of observing programs to VLBA users in FY14: General Observing
(GO), Shared Risk Observing (SRO) and Resident Shared Risk Observing (RSRO). The science
operations focus in FY14 was on completing verification tests of the dual RDBE system (Q2), stabilizing
existing operations using the new backends (Q2), and documenting the dual RDBE system for users
(Q4). Specifically, NM Operations took over responsibility for handling VLBI operations at the GBT,
which cleaned up many problems associated with communications, software version control, etc., and a
number of initiatives resulted in a significantly more stable VLBA+Y27 operation compared with FY13,
including additional system monitoring, automated observe file production, and completion of the
calibration path for VLA system temperature data.
In addition, increasing the compatibility of observing set-ups on the various partner stations of the High
Sensitivity Array (HSA) enabled new spectroscopic observing modes to be offered through the SRO and
RSRO programs in 2015A compared with 2014A, and a new opportunity arose to offer the combination
of VLBA and the Large Millimeter Telescope (LMT) for 3mm VLBI for 2015A through the RSRO
program. Support of the 2014B semester CFP was successfully completed.

4.3.2 Upgrade and Enhancement Projects
Retirement of VLBA VMEs: An interface box was designed, built, and installed in the laboratory to
enable the VLBA antenna control computers to communicate with legacy hardware (Q1). Testing of the
interface box took place in the lab test rack, pending completion of the software needed to interface to
an antenna. Testing in an antenna will take place in FY15 when software is ready. The FY15/16 POP
milestone is in place to track.
Retirement of VLBA Legacy Recording System: The schedule for the re-integration of Mark 5A
recorders from the VLBA sites as playback units for the VLBA correlator was brought forward to
enable dual correlations in preparation for a “VLBA observing surge” in February 2014, initiated by the
Director, and to take advantage of availability of key personnel who would not be available later in the
fiscal year due to VLITE. As a result, all projects using the legacy observing system were transitioned to
using the RDBEs by 31 December, 2013, two quarters ahead of schedule. Eight of the VLBA Mark 5A
recorders, and the Green Bank Mark 5A recorder, were removed and shipped to Socorro, and
integrated into the VLBA correlator. The total number of playback drives is now 21, with one spare, and
dual correlation is now in routine operation.
C-Band Receivers: The spare C-Band receiver for the VLBA was completed and tested (Q2). Two out
of the ten VLBA antennas contain pre-production C-Band receivers, but performance of these receivers
NRAO | FY14 Annual Progress Report

30

is comparable with the production receivers in the field, so there was no need to upgrade them to the
production design. Therefore this milestone was cancelled and reported in a QSU exception report.
Capability Enhancements for Semesters 2014A, 2014B, and 2015A
The VLBA can be operated as a stand-alone interferometer, in combination with other NRAO
telescopes (phased VLA and the GBT) and as the foundation to the HSA. Capability enhancements
depending only on NRAO priorities were outlined in Table 4.4 of the FY14 POP. As noted in Section
4.2, there were no proposals for the Y1, so this capability was not developed. Eight-channel phased VLA
(“Y27”) was enabled and offered as a Shared Risk capability for semester 2015A.
Enhancements to non-RSRO stations of the HSA require effort (and associated priority) from other
observatories. NRAO worked with Effelsberg in FY14 to enable DDC-compatible observing modes, to
improve the spectroscopic capabilities of the HSA. In addition, the LMT acquired a maser, and in
collaboration with Haystack Observatory, performed the first LMT astronomical 3mm VLBI
observations with the VLBA. As a result of these successful observations, NRAO was able to offer the
LMT as a new participant in the HSA for 3mm observing for semester 2015A.

4.3.3 Maintenance and Renewal
Antennas: Two antennas received major overhauls in FY14. At North Liberty the Tiger Team replaced
both azimuth wheel assemblies, installed the T450 total power monitor upgrade, and the servo motor
upgrade, in addition to regular scheduled maintenance. At Hancock the Tiger Team replaced two
azimuth wheel assemblies and installed the T450 total power monitor upgrade, in addition to the usual
overhaul tasks.
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4.4 Green Bank Telescope
4.4.1 Operations
The GBT is used by hundreds of scientists each year for a large and varied series of programs. It has a
collecting area and sensitivity comparable to ALMA and the VLA and thus excellent response to point
sources such as pulsars. The GBT also joins the VLBA for interferometric observations to provide a
critical threshold of sensitivity for the highest angular resolution studies.
In FY14 the GBT remained in general operation with approximately 6500 hours of time devoted to
science. A new FPGA+GPU-based back end for spectral line instruments became available in FY14.
Throughout FY14 routine maintenance and calibration of the telescope took place, but there was no
significant modifications or upgrades to the telescope.
Upgrade and Enhancement Projects: No upgrades or enhancements to the Green Bank Telescope
occurred in FY14.

4.4.2 Maintenance and Renewal
Telescope painting: Painting of the GBT is necessary to preserve the overall integrity of the structure.
In FY14 we continued the annual painting efforts with 10.41% of the Reflector back up structure in an
area that is up to forty feet from the top cord to the bottom cord and 25% of the rotating Box
structure that supports the dish painted during the summer
Track replacement/repair: The GBT track is now ten years old and is showing signs of wear. In FY14
NRAO began a program of inspecting the track pieces and has ordered a number of pieces to be ready
in case replacement is necessary. Additionally, all of the track segments and replace the bronze
impregnated Teflon barrier between the base plate and wear plate.
Antenna Performance: A new pointing model was deployed in fall of 2013.
Green Bank Radio Frequency Interference Mitigation: Working with colleagues from the federal
Sugar Grove, WV facility, NRAO continued to administer all FCC applications within the National Radio
Quiet Zone. NRAO also monitored the West Virginia Radio Zone, a ten mile radius around the GBT.
During FY14 we also signed a new MoU with the NSA for continuing to oversee the NRQZ.
GBT and other telescopes: Routine telescope front-end and back-end maintenance continued,
including cold-head and compressor maintenance for the cryogenic receivers, repair of failed parts in the
front ends, servo and LO-IF systems, and the maintenance and repair of fiber optic connections.
Antenna mechanics also did some remedial grinding in the GBT’s elevation axle (in an area that is inside
the hub and between the reinforcing plates). The mechanics removed the azimuth wheel bearing caps of
the GBT and cleaned, inspected and filled with new oil all 32 of the GBT wheel bearings. All totaled that
is about 36,000 pounds of steel and motors that were removed and reinstalled. This was in addition to
the regular and scheduled summer maintenance for all site antennas.
The development of a retirement plan for the GBT Spectrometer and spectral processor was delayed.
Both have been replaced by VEGAS, and the spectral processor was retired in FY14. However, due to
the delays in VEGAS deployment, the clean-up activity of documenting and publishing the retirement
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plan was not completed in FY14 as planned. The work has been assigned and is now scheduled to be
complete in December, 2015.
Site Infrastructure: The GB site buildings and grounds underwent routine annual inspection and
maintenance. This included annual road repair and winter plowing; roof repairs; heating and cooling
systems maintenance; pest and weed control; servicing of sewer systems, water supply, backup
generator power, HVAC systems, electrical lines and related systems.
Multi-color Tipper: The multi-color Tipper was deployed in FY14 and is now operational.
Green Bank Hosted Instruments
The following instruments are supported by other facility collaborators and funded outside of the NSF
Cooperative Service Agreement with AUI.
Precision Array to Probe the Epoch of Reionization: The Green Bank facility is the northern site and
development/test facility for the Precision Array to Probe the Epoch of Reionization (PAPER) telescope,
the Hydrogen Epoch of Reionization Array (HERA) prototype operated by a partnership that includes
University of California, Berkeley and the University of Virginia. This partnership operates an identical
array in the Karoo desert of South Africa.
Solar Radio Burst Spectrometer: The 45-ft telescope, previously transformed into a ground station for
the Japanese Highly Advanced Laboratory for Communications and Astronomy (HALCA) satellite, is
now functioning as a Solar Radio Burst Spectrometer, providing dynamic spectra of solar radio bursts
during daylight hours at Green Bank and giving the Frequency Agile Solar Radiotelescope (FASR) team
its first data. FY14 saw the repair of the telescope and its instruments in preparation for continued work
in FY15
Low Frequency All-Sky Monitor Project: This University of Texas, Brownsville project will consist of
four phased dipole arrays, separated by several thousand kilometers. One of its first arrays was installed
on the Green Bank site in FY14, driven primarily by access to the NRQZ’s lower interference levels and
site infrastructure.
Magnetometers along the Eastern Atlantic Seaboard for Undergraduate Research and
Education: West Virginia University has installed a magnetometer on site as part of the University of
California led Magnetometers along the Eastern Atlantic Seaboard for Undergraduate Research and
Education (MEASURE) project to study magnetosphere dynamics.
West Virginia Geospatial Information Network: A reference GPS sensor for the West Virginia
Geospatial Information Network is installed on site.
NRAO 20m Telescope RadioSkynet: Skynet is a distributed network of robotic telescopes operated
by students, faculty, and staff at the University of North Carolina at Chapel Hill. The network began
operation in January 2006 with the opening of the six PROMPT telescopes in Chile. Since then, several
more telescopes in the U.S. and Europe have been integrated into the network. The NRAO 20m
telescope on the Green Bank site is the first (and presently only) radio telescope within the network.
The RadioSkynet telescope refurbishment was completed in FY14 and operations began.
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NRAO 20m Telescope FRBs: A commensal (to RadioSkyNet) project on the 20m is also underway to
look for Fast Radio Bursts. The project is a collaboration of VirginiaTech, WVU, and NRAO.
NRAO 140ft Downlink station: The 140ft telescope in Green Bank is currently in use as an Earth
downlink station for the RadioAstron Satellite.

NRAO | FY14 Annual Progress Report

34

5 OBSERVATORY DEVELOPMENT PROGRAMS
5.1 CDL Development
The CDL research and development projects are aimed at achieving the following specific Observatory
strategic goals:
 Developing technologies necessary for the long range objectives of the Observatory
 Advancing the state-of-the-art in mission related technologies

5.1.1 Phased Array Feed
The L-Band cryogenic phased array receiver was tested on the GBT for the first time in late December.
This first test included new fiber optics between the control room and the GBT prime focus, updated
monitor and control and data acquisition software, and repaired cryogenic low-noise amplifiers. The
observing included mapping of Virgo A and detection of 21cm spectral line NGC6822. The data was
archived to the GBT FITS standard. Following testing, offline cross-correlation and beamforming of the
data was completed, including a composite 7-beam map of Virgo A. Unfortunately, the system
temperature (normed to antenna efficiency) of the formed beams was significantly higher than expected.
The GBT has longer focal length and thus higher spillover noise contribution for individual PAF
elements, but our circuit and full-wave electromagnetic model had predicted that this noise would be
adequately suppressed in the beamforming process. An intensive effort was begun to resolve this
data/model discrepancy, and isolate it to a fault in the model or in the instrumentation. By the end of
FY14, this has not been fully resolved, but anomalous test results for the instrument backend are will be
investigated FY15 and included in the FY15/16 POP.
The milestone to complete the study on cryogenic efficiency, new window and IR filter materials, and
modular cryogenic architectures for large PAFs did not conform well with the need to work
collaboratively with the Beamformer enhanced digital backend project, so was subsequently cancelled
and noted in the QSU exception report.
During the same period that the observing and data analysis was underway, development of new
hardware was also ongoing. A new digital downconverter will increase the processed bandwidth 100fold. A Roach2-based digital receiver is being developed to capture the data and perform as a polyphase
filter bank on the front half of a real-time correlator/beamformer being developed by BYU/WVU. A new
low-noise amplifier has been designed based on a previous NRAO S-band design and will be prototyped
and tested in FY15.
The work to integrate and test the digital downconverter photonic links on an existing PAF was not
completed. This work was impacted by lack of engineering resources both in terms of available budget
and also by resources committed to other projects. Additionally, there was some delay in completing
the single blade lab prototype of the downconverter. The completion is now planned for FY15 and
included in the Q3 FY15/16 POP.
The Beamformer project is essentially funded to do a bigger-scope version of the beamformer
prototype. NRAO has been working with the project to forge an agreement in which both parties will
work toward common goals. The project team took on part of the work, which is called "Digitalphotonic receiver and Roach2 backend development." This work has begun and is included as a Q4
FY15 milestone.
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The milestone to demonstrate a single-FPGA narrowband beamformer prototype was cancelled due to
the unplanned departure of the BYU grad student assigned to the work; the student was not replaced by
BYU.
The design study on optimum wideband antenna elements for a PAF was cancelled. A decision was made
to focus on modeling and instruments, as the RF bandwidth of the present system is already sufficient.
The PAF software was version controlled and documented. A new release of PAF software, with
improved user interface and real-time analysis capability was demonstrated.

5.1.2 Integrated Receiver Development
Cryogenic measurements on the S-band triangular Digital Ortho-Mode Transducer (DOMT) were
completed using a non-corrugated, truncated feedhorn. Results were encouraging; however, the tests
revealed a spurious baseline ripple in the measurement as an artifact of the calibration procedure. We
think this is due to impedance mismatch presented to the orthogonal mode by the waveguide-tapered
calibration standards used. With these lessons learned, new measurements and calibration procedures
are being considered for future work to address this issue; however, for efficiency the decision has been
made to delay this work until after the real-time FPGA backend (also needed in any case for other IRD
experiments) is completed. One possible solution to the calibration problem would be to use external,
quasi-optical polarization standards, in which case a more compact (and higher-frequency) version of the
DOMT would have to be developed to better facilitate our experiments. Early work leading up to these
experiments led us to conclude that "on-the-sky" measurements were not practical. The on-the-sky
measurements were not feasible as the equipment was too cumbersome to put on the roof. A plan to
complete the measurements indoors using a liquid nitrogen cold bath was implemented instead.
An oscillation problem on the W-Band Local Oscillator distributor was solved, and final testing
completed. These measurements will inform future designs that utilize this concept, as one can now
extrapolate with confidence the level of temperature-phase drift that can be expected for a given length
distribution chain and design the system accordingly. We note that the LO distribution concept (albeit at
the previously-proven lower frequency) is being incorporated successfully into the PAF integrated
converter described above.
CDL successfully tested the circuit flexible thermal transition with low loss up to 40 GHz.
The unformatted fiber-optic link concept has been extended this year into multi-channel designs, which
introduce new challenges with regard to parallel-channel re-timing and synchronization. A six-channel
optical receiver to FPGA interface with the necessary re-timing buffers was built and successfully tested
and will allow for the demonstration of the polarization isolation of DOMT using FPGA. This milestones
was delayed to Q3 FY15. Multiple critical CDL activities, including this FPGA development, are
resourced by a single engineer. We are attempting to mitigate impacts by sharing the load with other
electronic engineers where possible.
We have begun construction of a 40-channel integrated analog-digital-photonic converter using many of
the IRD concepts developed so far to support the Phased-Array-Feed (PAF) program. The complete
receiver will comprise 5 "blades" of 8 channels each. The first of these blades has been completed and
successfully tested. The remaining four are now being assembled. An alternate approach to the channel
synchronization problem is being pursued by the developers of the PAF backend in Green Bank, wherein
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the re-timing buffers are internal to the FPGA. We are working closely with them to share the
algorithms we have developed for this purpose in the IRD program.
NIST finally delivered the promised return-loss measurements on the 1/10th scale model of the 1001000 GHz ridged horn, and we are following up with beam pattern measurements at the indoor antenna
range in Green Bank. So far, the results compare very well and favorably with predictions. A publication
is being prepared.
An effort to commercialize the IRD-developed "Reflectionless Filter" technology had a very promising
start this year. A wafer was procured with a number of initial designs, some 200 of which have already
been sold to a commercial customer and much more interested received in response to our advertising.
We have also begun working toward long-term licensing of this technology to a commercial partner.
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5.2 ALMA Development
The North American ALMA partnership typically funds conceptual studies (hereafter referred to as
“Studies”) every year. Prototype/pre-production and rate production initiatives (hereafter referred to
as “Projects”) are typically funded every two (2) years. Calls, proposal evaluation, and award of Studies
and Projects are governed by different (albeit similar) processes. The following text describes the
ongoing Studies and Projects.

5.2.1 ALMA Development Studies
The following ALMA Studies were initiated in January 2014 and will have final reports due in January
2015. A version of the study reports will be published in the ALMA Memo Series. These reports (as
were previous study reports) are incorporated into the document Pathways to Developing ALMA, a
report of the ALMA Development Working Group containing contributions from all ALMA partners.
o
o
o
o
o
o

2nd Generation Band 6 Receiver (NRAO)
2nd Generation Band 10 Receiver (NRAO)
Advanced Solar Observing (NRAO)
ALMA Processing Calibration (NRL)
Community Science Tool Development (NRAO)
Millimeter Camera (NRC-Herzberg)

5.2.2 ALMA Development Projects
There are three Continuing ALMA Development Projects for North America:






ALMA Fiber Optic Link (Project: 2012 – 2014)
Initiated in 2012, this project is to provide a fiber optic communications link from the ALMA Site to
Santiago which involves laying new fiber over a stretch of 146 km from Calama to the high site. 143
km of the 146 km has been completed. This project is a subcontract which will finish with Q1 FY15.
ALMA Phasing Project (Project: 2013 – 2015)
Initiated in 2013, this is a project to provide VLBI capability to ALMA involving multiple hardware,
firmware and software upgrades. All hardware and firmware were installed in 2014 and are being
thoroughly tested with the current software. Some bugs have been found in the test data however
this has not been isolated as being a hardware, firmware or software issue.
ALMA Band 5 Local Oscillator (Project: 2013 – 2015)
All production Warm Cartridge Assemblies have been built and tested. Rutherford Appleton
Laboratory (RAL) will deliver photomixers to NRAO for combined assembly testing. Frequency
Multipliers: 93 of the 166 have been delivered by VDI, 73 remain from the purchase order. 14
qualified units have been delivered to NOVA which is enough to meet the remainder of their 2014
schedule. 30 more units are in PAI awaiting shipment authorization. Cryogenic evaluation continues
for the multipliers.

Newly Initiated Projects
The following projects were initiated in FY14 and will be reported on in FY15/16 POP:
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ALMA Data Mining Toolkit (Project: 2014 – 2016)
The University of Maryland is working to create ALMA Data Mining Toolkit, a value-added software
package which integrates with the ALMA archive and CASA to provide scientists with quick access
to traditional science data products such as moment maps, and with new innovative tools for
exploring data cubes. The example code for memory model and XML has been written and the
example pipeline is working and being tested. The pipeline implements line finding though line-cube
moment generation and currently takes 75 seconds to execute on a benchmark cycle 0 NGC 253
data cube. The conceptual design for the memory and disk models for data representations has been
selected. This is an ALMA-D contract to University of Maryland.
Band 3 Magnet and Heater (Project: 2014 – 2016)
NRC - Herzberg will produce deflux heaters and permanent magnets to be installed in the Band 3
cold cartridge as a way to reduce the azimuth-dependent total power variations observed in the
ALMA antennas. A major upset to the start of this project was the death of the Principal
Investigator. NRC – Herzberg has identified a replacement to carry out the project. To date two
cartridges have been fitted with two different configurations of magnets, however, the results have
showed increased noise and no improvement in power stability. This is an ALMA-D contract to
NRC – Herzberg.
The Next Generation ALMA Image Viewer (Project: 2014 – 2016)
The University of Alberta is collaborating with the NRAO on the Next Generation ALMA Image
Viewer to address the need for exploring large data sets where the visualization of the data is
mediated through the ALMA science portal, and the computation required for visualizing the data
takes place on dedicated servers using optimized software. To date they have successfully hired two
qualified developers, one at NRAO and one at University of Alberta. They have implemented a
plugin scheme that allows pure python image processing plugins to be run and developed and
implemented an image specification. Additionally they have presented a proof-of-concept for a
script-driven interface. This is an ALMA-D contract to University of Alberta.

NRAO ALMA-D projects include:




Band-2 Prototype Cartridge (Project: 2014 – 2016)
The NRAO is working on the development of a Band 2 Cartridge Prototype. An international
workshop with participation by all ALMA partners was held in March to exchange ideas. NRAO has
contracted Cahill Radio Astronomy Laboratory (CRAL) for LNA MMICs. Housings for those are
being manufactured in the CDL workshop. A room temperature down-converter has been designed
around an existing MMIC mixer, and the machine drawings are being finalized. Various optics design
tradeoffs have been studied and the design of the selected optics configuration is being finalized so
that the horn and optics assembly can be manufactured in the CDL workshop. The design of vacuum
RF feed-through was selected and parts are being machined in the CDL workshop.
Central LO Expansion to 5 Sub-arrays (Project: 2014 – 2016)
The NRAO is working to equip the ALMA Observatory with an additional complete Photonic LO
sub-array, identical to the four sub-arrays already in use. The construction was already completed in
2014 and all deliverables are under verification testing. The planned installation campaign is set for
Q1 FY15.

These reports (as were previous project reports) are incorporated into the document “Pathways to
Developing ALMA”, a report of the ALMA Development Working Group comprising contributions
from all of the ALMA partners.
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5.3 GBT Developments
The GBT was designed to allow ready upgrades and changes to all aspects of its hardware and software.
A specialty (or PI-driven) instrument can be installed on the telescope with relative ease, making it
feasible for an individual or group of researchers to outfit the telescope to meet their particular science
goals. The GBT also has a vigorous development program in collaboration with university groups to take
advantage of the latest technology and provide the user community with a constantly improving facility.
Development projects will continue through the coming decade and have already led to important
discoveries in a number of areas. These include:
 Constraining the Nuclear Equation of State through detection of the most massive neutron star
known.
 Probing Dark Energy through HI intensity mapping.
 Imaging the Large Scale Structure in Galaxy Clusters by creating the highest resolution, most
sensitive images of the Sunyaev-Zel’dovich effect.
 Understanding the Solar System through radar maps of the Moon, probing the atmosphere of
Titan, and bi-static radar observations of Mercury, Venus and Europa.

5.3.1 ARGUS
In FY14 a group led by the University of Stanford began the construction of a 16-pixel 90-116 GHz
traditional feed horn array, funded through the NSF-AST ATI program. The GBT is the best telescope in
the world for molecular line studies in the 70-100 GHz band. The proposed camera would capitalize on
that fact by using the GBT’s sensitivity to create an on-the-fly image of cometary molecules. When
combined with the GBT’s sensitivity, the camera would be the only system in the world which could
provide information about the structure of comets as they move through the solar system.
Development of the instrument continued in FY14, with commissioning of the instrument still planned
for the winter of 2014/2015. The ARGUS Cryostat, warm electronics and feeds were completed.
However, the ARGUS Module delivery and IF/LO were delayed. The module delivery is anticipated to
be complete in Q1 FY15 and the IF/LO delivery is anticipated to be complete in Q1, FY15. The delay is
accounted for by a delay in deliverables of the cryostat from the University of Miami to Stanford, the
modules delivered by Caltech (Q3 FY14), and the IF/LO to be complete by Stanford (Q3 FY14) for
integration with the warm electronics. NRAO has no ability to manage the delivery or integration at
Stanford. This resulted in a delay to the project. NRAO staff was deployed to the project to aid in the
adaption of the instrument to a full user instrument. This project will be carried as an exception report
in FY15 QSUs.

5.3.2 MUSTANG
In FY13 a group led by the University of Pennsylvania began building a new 81-98 GHz bolometer array
for the GBT. This array is assembled from new frequency-domain microwave SQUID (mSQUID)
multiplexers recently developed by NIST (using the same backend electronic as mKIDS) and contoured
feed horns. Due to the small size of the array (32-64 pixels), it will not provide a significant increase in
the overall sensitivity and mapping speed of the GBT. The array will, though, provide a more stable array
than exists and the infrastructure needed to install the full 200+ pixel MUSTANG2 system which will
provide a greater than 100x increase in the GBT’s mapping speed. The MUSTANG2 array is not yet
funded.

NRAO | FY14 Annual Progress Report

40

The project was schedule to be complete in FY14. However, delays in getting NIST to deliver the
detectors for the instrument have resulted in delays from the original schedule provided. Due to the
overrun on the schedule, the NRAO is meeting biweekly with UPenn and monthly with PMD and
NRAO management, to monitor progress and control costs. As of October 2014, UPenn deliverables
are planned to be sent to Green Bank for integration on the GBT in November/December 2014. Upon
integration, NRAO will mark project completion and science commissioning commenced. New receiver
commissioning will occur in Q1-Q2, FY15. This project will be carried as an exception report in FY15
QSUs.
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6 OBSERVATORY-WIDE SERVICES
6.1 Central Development Laboratory Productions, Maintenance & Repair
Low Noise Amplifiers
Low-noise Cryogenic Amplifier Development: A short production run of ALMA Band1amplifiers
revealed excellent repeatability of performance and very good agreement with model prediction (see.
Figure 6.1.1). Four amplifiers are to be delivered to ASIAA team for the development of prototype Band
1 cartridges. A new version of an ALMA Band 2 amplifier with optimal noise and gain performance has
been developed, and the prototype is now in the process of assembly. It is expected to demonstrate less
than 30 K noise temperature from 65 to 95 GHz with a gain of about 35 dB (see Figure 6.1.2). Also
following previous work, an amplifier covering 75 GHz to 115 GHz with optimal noise and gain
performance has been designed, and work on a prototype is ongoing. The performance of NGST cryo3
devices is practically on par with MMIC 35 nm amplifiers, therefore offering a competitive alternative in
case schedule and/or funding limitations prevent the use of the more modern but relatively expensive
technology.
Research work on general noise properties of microwave transistors and amplifiers in all technologies
(including CMOS and SiGe HBT due to their commercial impact) resulted in two conference
publications and several presentations (Chalmers University, Max-Planck Institute, Caltech, Torun
Observatory). An invited paper was delivered at the 20th International Conference on Microwaves,
Radar, and Wireless Communication (MIKON), June 2014, Gdansk, Poland.

ALMA BAND1 Amplifiers_Production Units
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Figure 6.1.1: Cryogenic performance of three ALMA band 1 amplifiers compared with model prediction.
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Figure 6.1.2: Expected performance of ALMA Band#2 amplifier.

HFET Amplifiers Production: The CDL Amplifier Group continues to produce and repair amplifiers
for the NRAO VLA, VLBA, GBT, and ALMA sites, and for other research institutions, including CARMA,
Arecibo, MPIfR, the University of Arizona, the University of Pennsylvania, the University of Washington,
Shanghai Observatory, the Naval Research Laboratory, Onsala Observatory (Sweden), Metsahovi
Observatory (Finland), Torun Observatory (Poland) and the Instituto Nationale di Astrofisica (Italy).
Among this work were: fifty 1-2 GHz, eight 2-4 GHz, eleven 4-8 GHz, eight 8-12 GHz, five 12-18 GHz,
five 26-36 GHz, two 26-40 GHz, twelve 38-50 GHz, three 34-52 GHz, four 65-90 GHz and three 80 -95
GHz amplifiers. In total, 118 amplifiers were delivered.
Complete Production of 8 Band-6 SIS Mixers: NRAO completed the production of 6 of the 8 Band-6
SIS Mixers. Mixer chip yields were lower than planned. This activity will continue into FY15 and be
reported through exception reports in QSUs.
Millimeter & Submillimeter Wave Detectors
Study of a second-generation ALMA Band-6 SIS receiver: Under an ALMA Development grant,
work has begun on an improved SIS receiver for ALMA Band 6. The main improvements will be in the
mixer itself and in the IF preamplifier. The mixer will use Nb/Al-AlN/Nb junctions in place of the current
Nb/Al-AlOx/Nb junctions, allowing a wider RF bandwidth and lower receiver noise. The preamplifier
will use balanced amplifiers in place of the current single-ended amplifiers which will allow a flatter noise
temperature across the full 4-12 GHz IF band.
Work on this has been slower than planned because of: (i) a long delay in the production of SIS
junctions at UVML caused by several major equipment failures, and (ii) loss of key CDL personnel (backfill not permitted). Good quality SIS junctions are again being produced at UVML, but we have requested
a one-year time extension for this work.
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Study of a second-generation ALMA Band-10 SIS receiver: Under an ALMA Development grant,
work has begun on an improved SIS receiver, with sideband separation, for ALMA Band 10. The initial
phase of this work consists of demonstrating a lower-frequency design, at 385-500 GHz that
incorporating the new technology required for Band 10, viz. beam-lead mixer chips on thin Si
membranes, AlN tunnel barriers, and SIS junctions with NbTiN electrodes. This has been largely
successful; we have made good mixers with beam-lead membrane chips and junctions with AlN barriers
and NbTiN electrodes. It remains to combine these elements into working mixers, initially at the lower
frequency, then at Band 10.
As above, work on this project has been slow because of: (i) a long delay in production of SIS junctions
at UVML caused by several major equipment failures, and (ii) loss of key personnel, with back-fill not
allowed. Good quality SIS junctions are again being produced at UVML, but we have requested a oneyear time extension for this work.
Low-loss Hybrids: Comparative study of several possible configurations incorporating quadrature and
180 degree hybrids, with a goal to optimize wideband and low-noise performance is almost complete.
This activity will continue into FY15 and be reported through exception reports in QSUs.
Millimeter and Submillimeter Interfaces and Measurements: The ring-centered waveguide flange,
proposed Kerr and Srikanth is to be included in the new IEEE P-1785.2 standard on Waveguides for
Millimeter and Submillimeter Wavelengths. An informal group of NRAO, UVA and VDI engineers
(Weikle, Hesler, Kerr) has evaluated the quality of the ring-centered interface and compared it with the
old MIL Spec UG-387 interface and its commonly-used improved derivatives, with which the new flange
is fully compatible. A UVA PhD student, Huilin Li, worked on this project with partial support from the
NRAO Summer Student program. The results have been published at the IEEE International Microwave
Symposium and the IEEE ARFTG Conference, and show the clear superiority of the new design over the
previous designs.
Publications





R. Kerr, S.-K. Pan, S. M. X. Claude, P. Dindo, A. W. Lichtenberger, J. E. Effland and E. F. Lauria,
"Development of the ALMA-North America Sideband-Separating SIS Mixers," IEEE Trans.
Terahertz Science and Technology, v. 4, no. 2, pp. 201-212, Mar 2014.
H. Li, A. Arsenovic, J. L. Hesler, A. R. Kerr, and R. M. Weikle, "Repeatability and Mismatch of
Waveguide Flanges in the 500-750 GHz Band," IEEE Trans. on Terahertz Science and
Technology, vol. 4 , no. 1, pp. 39-48, Jan 2014.
M. E. Cyberey, D. Oakland, J. Z. Zhang, A. R. Kerr, S.-K. Pan, A. W. Lichtenberger, "Optical
Spectroscopic Analysis of ICP Nitridation for SIS Junctions with AlN Barriers," Applied
Superconductivity Conference, Charlotte, Aug. 2014.
R. Kerr, "Enhanced Image Rejection in Receivers with Sideband-Separating Mixers," NRAO
Electronics Division Internal Report No. 325, 3 Oct. 2014.

Optics and Electromagnetic Development
A corrugated linear taper Ku-band (12-18 GHz) secondary focus feed horn for the Shanghai 65-meter
telescope was designed, built and characterized by measurement. The horn has an aperture of 8.5”
(inside diameter), a length of 19” and has three sections. The average illumination taper in the E- and Hplanes is -15.8 dB at the edge of the subreflector. Crosspolarization measured in the diagonal plane is 23
dB at 18 GHz and below -30 dB from 12-17 GHz. Measured return loss is better than 25 dB with the
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radome, and below 30 dB without the radome. The phase center lies about 14” inside the feed horn at
15 GHz, and total travel is ±2.8”.
A wideband feed horn for 4-8 GHz was developed, fabricated and measured for the improved GBT Cband receiver. This is a corrugated linear taper horn with a 28.25” aperture and length of 47.3.” The
horn is fabricated out of 5 sections. The measured average illumination taper is -14.8 dB in the H-plane
and -15.5 dB in the E-plane. Cross polarization in the diagonal plane is below -25 dB in the 4-8 GHz
band. The phase center is 38.4” inside the feed horn measured from the aperture plane. Input return
loss is better than 20 dB. A preliminary test on the GBT shows the system meets the performance
specifications.
Work on the ALMA Band 2 optics continues. The combination of a corrugated feed horn with a lens at
the 300 K window couples the beam waist of the horn to that of the telescope. Detailed design of the
feed horn is nearing completion.
A 67-90 GHz OMT developed for the ALMA Band 2 cartridge was measured with WR-12 calibration.
Return loss was found to be better than 18 dB over the required bandwidth. Further optimization
required a minor modification to the tuning stub in the turnstile junction. After incorporating this
change, measurements were repeated and the return loss improved to better than 20 dB.
Measurements were carried out on a number Ku-band orthomode transducers based on Boifot
junctions. One of these OMTs was installed on the SHAO Ku-band receiver.
Digital Signal Processing
During FY14, most of the bulk of the effort of the Digital Signal Processing Group was divided between
the ALMA Phasing Project (APP) and the PAPER project Smart Networked ADC Processor (SNAP).
Some effort was also expended supporting the ALMA Correlator and relatively little effort was
expended in support of the PAF R&D program.
For the SNAP project, several design iterations at both the schematic and board level were required to
arrive at a mutually agreeable design. The design for the initial prototype was submitted for
manufacturing in the last quarter of FY14. Documentation, except for minor touch-ups, was also
completed.
For the APP, all hardware required for proof-of-concept were configured and tested in Charlottesville,
delivered to Chile and installed. This primarily included twelve custom-designed Phasing Interface Cards
(PICs), associated power supplies and cables, as well as three custom-designed timing signal level
converter cards. The operation of these deliverables at the module level was confirmed on site;
confirmation of specified operation at the system level has begun. Firmware for the microprocessor and
gateware for the FPGA on the PIC were completed. Updates to the Correlator’s FPGA-based summing
logic and timing event distribution logic were also completed. In addition, much of the outstanding
required documentation was completed.
As mentioned in the POP, a fairly minor amount of effort was required to support the ALMA
Correlator during FY14. This consisted mainly of discussions with the software group in efforts to
understand bugs uncovered during their development of new Correlator features. Almost no effort was
expended on the PA R&D project because of lack of time and the availability of a student in Green Bank
to start work on the digital beamformer.
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Low Frequency Radiometry
Characterize beam pattern of MWA tiles and PAPER antennas using ORBCOMM satellite: This
work was performed in collaboration with Prof. J. Hewitt (MIT) and her graduate student A. Neben
(MIT). An MWA Tile with beam forming network was deployed in Green Bank for beam mapping
measurements using the ORBCOMM downlink data acquisition system developed by R. Bradley. Data
was acquired over several months for several beam pointings and calibration measurements taken with a
reference dipole in place of the Tile. The data has been used by the MWA collaboration to help
characterize sources of pointing and polarizations errors. A paper detailing the measurements and data
analysis is in preparation.
Deploy upgraded low-frequency antenna on Green Bank solar radio burst monitor: The low
frequency log-periodic antenna was successfully deployed near the GB/SRBS site. An amplifier and
mounting bracket have been fabricated and are ready to install. GB/SRBS is currently being repaired and
upgraded—the low frequency system will be incorporated into this upgrade.
Deploy improved data acquisition system on Green Bank solar radio burst monitor: Working in
collaboration with J. Ford (Green Bank), the all-digital, ROACH-based system was completed and the
design of the multiplexer, used to interface the RF from all three channels onto a fiber optic cable, also
completed. RF measurements taken after the upgrade will be used to set the levels at the multiplexer
that are required by the data acquisition system.
Deploy DARE engineering prototype in Green Bank: A DARE prototype radiometer consisting of
the biconical dipole antenna with ground reflector, low noise balun, receiver, and digital data acquisition
system was developed at the CDL with the help of U. Colorado graduate student B. Nhan (mentor R.
Bradley). The system was deployed in Green Bank for field tests. Data taken by the prototype over the
40-120 MHz band will also be used to study accuracy limits on sky spectrum measurements caused by
the ionosphere.

NRAO | FY14 Annual Progress Report

46

6.2 Data Management & Software Department
DMSD encompasses the resources of the three NRAO science centers: the North American ALMA
Science Center (NAASC) in Charlottesville, the Array Science Center (ASC) in Socorro, and Green
Bank Science Operations (GBSO). The software division contains the staff responsible for all software
development within DMSD. The Scientific Information Services (SIS) Division is similar to the software
division for staff working in Information Services areas directly related to telescope and observatory
specific processes as well as observatory wide support for Archive, Scientific Computing Infrastructure
and Wide Area Networks. D. Halstead is the Deputy AD for the SIS Division.

6.2.1 Software Development
Archive Access Tool: The initial steps were taken towards modernizing the NRAO Archive and its user
interface (the AAT). This is informed by the ALMA archive tool design. Based on internal and external
user requirements, an architecture was developed and a prototype AAT demonstrated. Work will
continue to deliver a production version in Q2 FY15.
CASA Pipeline: The ALMA CASA pipeline was commissioned and began processing Cycle 1 and Cycle
2 data in the JAO, with a focus on calibration of standard modes of observing. While development of
calibration heuristics for additional modes continues, the focus has shifted to imaging. Heuristics of the
VLA scripted pipeline were integrated in FY14, leading to an ongoing project to implement the CASA
pipeline as the production pipeline for the VLA.
CASA: Development of CASA, the NRAO post-processing software, continues to emphasize support
for the VLA and ALMA, unlocking the scientific potential of these world-leading telescopes. CASA 4.2.1
provided optimizations in many parts of the system and improved data visualization capabilities. The
development schedule for CASA 4.3 was changed due to packaging and release problems at the end of
the CASA 4.2 cycle. In an effort to accommodate all critical stakeholder needs, the scope of the CASA
4.3 cycle was revised and split into two deliverables. An intermediate release, CASA 4.2.2 offered the
most pressing functionality for ALMA Cycle 2, specifically, improved handling of data weights, and was
delivered at the beginning of Q4. An expanded CASA 4.3 release, including initial refactored imaging, is
on track for Q1 FY15 delivery. Development of CASA 4.4 is on track for release in FY15. The VAO
project was successfully closed in Q4 as planned.
Proposal Support: The Proposal Submission Tool (PST), Proposal Handling Tool (PHT), and the
Observation Prep Tool (OPT) were all updated as planned to support the VLA 2014A and 2014B
observing semesters.
Reprocessing Interface: A prototype standalone web application was developed and demonstrated. Its
goal is to allow astronomers to submit simple reprocessing requests to the VLA and ALMA pipelines,
using the NRAO cluster. It will be delivered into production in Q2 FY15 and further developed to
support more complex requests.

6.2.2 ALMA System Software
Dynamic Scheduling: Dynamic scheduling was tested and implemented as a production service at the
JAO. Work continues on improving it based on experience with science observing.
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QuickLook Improvements: The original QuickLook application was deemed unusable due to
performance and usability issues. A completely new application was written and tested successfully in
the OSF at the end of August.
Scan sequences: The purpose of this item was to improve observing efficiency. Science Operations IPT
re-prioritized fast scanning as the major deliverable instead, and this was delivered on schedule.
Efficiency was improved by parallelizing setup and shutdown rather than with scan sequences. This was
successful in delivering a significant speed-up, with approximately six minutes saved per observation.
Correlator Improvements: The full data rate (60 MB/s) delivery by the correlator was verified in Q2
FY14. Additional low-priority correlator modes (2x Nyquist, 3x3 and 4x4 bit modes) were de-scoped by
Science Operations IPT to focus effort on sub-arrays. Development of sub-arrays was understood to be
a challenging goal. Technical issues and reduction in available testing time have delayed delivery on the
POP timing, but the capability remains on schedule for inclusion for Cycle 3 delivery. Sub-arrays are also
included in the spring 2015 release scheduled for Q3 FY15. Significant progress has been made in
resolving issues discovered with sub-array implementation. The issues which remain will be addressed
by the team at the OSF in Q1 FY15 for delivery in time for testing in Cycle 3.
ALMA Phasing Project Correlator Software: The ALMA Phasing Project Correlator Software was
delivered and successfully tested during two missions to the OSF. All APP features were verified and the
readiness of the system for the Hardware Acceptance Review was established.

6.2.3 VLA/VLBA System Software
VLA/VLBA Support for Commissioning and Observing in Semesters 2013B, 2014A and 2014B: The
VLA and VLBA system software was updated to support new capabilities and the migration of
capabilities from RSRO through General Observing. Modes added or improved this year included phase
binning mode, various VLA Y27 modes for VLBI, and VLA pulsar mode. High data rates (over
300 MB/sec) were achieved on the VLA. Additionally, the Proposal Submission Tool and Proposal
Handling Tool were updated to support the new capabilities.
VLA – Full OTF Mosaic Support: The software work to enable full on-the-fly mosaic mode was
completed.
VLBA – Partial Implementation of VME Replacement: The primary deliverable was low-level
software required to send and receive messages between a control computer and a VLBA MCB
(monitor and control bus), using the M450 (switch) as a go-between. This software was developed,
successfully tested in the lab, and will be deployed and tested on an antenna in Q3 FY15. It is identified
as a milestone in the FY15/16 POP.
VLBA – Quasi-Real-Time Spacecraft Tracking: The work required to do quasi-real-time correlation
in support of accurately tracking spacecraft position, in support of JPL's InSight mission, was estimated
and shared with JPL. No response was received from JPL in FY14, but a response in FY 15 indicates that
further work may be pursued. This activity will be reported as an exception during QSU reviews.
VLBA – Wideband Observing Stabilization: The new wideband observing system for the VLBA was
stabilized during FY14 and additional documentation for operations was created.
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6.2.4 GBT System Software
WV Systems Archive: The remaining requirements for integration of the GBT data into the NRAO
archive were completed. GBT data is now available through the archive.
WV Systems Monitor and Control: The M&C system was modified to use data streaming in order to
support the high data rates expected with VEGAS. A data viewer capability was requested by GB
scientists and was developed using the streaming capabilities. This reduced the need to include
streaming in Astrid in the near term. Higher priority work diverted resources from data streaming so
effort was prioritized to deliver data streaming on the M&C system, which was required in order to
support eventual changes to Astrid. Other efforts judged to be more impactful and higher priority by
GB management at this time. The FY15/16 POP identifies this milestone for completion in Q1 FY15.
GBTPP – Pipeline: A CASA version GBT imaging pipeline was delivered. Performance improvements in
support of VEGAS data rates were done by integrating data streaming and parallelizing pipeline
processes. This work will continue through Q1 FY15. The activity to complete the GBT pipeline
parallelization was delayed due to VEGAS commission and shared-risk observing support, resource
constraints, and delay of related streaming.

6.2.5 Scientific Information Services
The alignment of Scientific Information Services to focus on HPC, science data storage, and the prompt
delivery of observed data products, has allowed for clear delineation of complementary support
responsibilities with CIS, with accountability of support to DMS. The expansion of archive, network
communications, and HPC capacity is executed in close cooperation with the individual telescope
operations and observer supporting initiatives, to facilitate ever-increasing instrument science
capabilities. Several initiatives were completed in FY14 aimed at improving the NRAO Observer
experience by, for example, enabling account association and single sign-on between ALMA and
MyNRAO accounts, and access to NRAO cluster resources for data re-processing.
During FY14 multiple Archive and HPC systems were added, most notably those needed to support the
ALMA pipeline in Chile and the full complement of data processing capacity at the NAASC. As
anticipated, the EVLA upgrade project resulted in a substantial increase in the fidelity and size of VLA
observations, which in-turn placed pressure on observers’ personal computer resources. In cases where
such sufficient capacity was not available, the NM site has made enabled access to NRAO cluster
computing resources and high speed storage, by leveraging existing MyNRAO user accounts
and well established access policies: https://science.nrao.edu/facilities/vla/docs/manuals/computingresources/overview.
Furthermore, as a result of a collaboration project with the University of Virginia (UVa) during a site
visit to New Mexico in the summer of 2013, SIS staff successfully tested the staging and execution of
CASA jobs on UVa resources. While this additional capacity is not yet required, it informs future
strategies to employ Genesis2/Globus (XSEDE) and Slash2/DataSupercell (PSC) in support of access to
national compute resources when needed in the future. In addition to these initiatives, UVa has granted
NRAO access to its new Tier 3 Data Center (>99.9% availability) for the hosting of public science data
products with total of 250 TeraBytes of storage installed to date.
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With the increasing size of data products, the move to Gigabit/second communications access to all
major sites is complete, with 1 Gigabit/s in CV and NM, and 10 Gigabit/s to Green Bank. In order to
manage these resources, NRAO is leveraging PerfSonar for performance analysis, and investing in the
Bro Network Security monitoring tool for improved visibility into traffic payload both in and out of
NRAO.

NRAO | FY14 Annual Progress Report

50

6.3 Program Management Department
In FY14, PMD shifted from an initial implementation phase to operating, auditing, and optimizing. PMD
continued to provide qualified, formally trained and experienced program and project managers, and
systems engineers. These individuals provide direct support to projects as requested by principal
investigators and project leaders, and consulting support for all other projects or activities on an as
requested basis. PMD also continued to enhance its decision support capabilities. Analytics derived from
systems used by PMD, such as Sharepoint and the PM Shared Access database, are used to ensure that
prior to new work being undertaken, impacts to NRAO existing work are well understood and that any
new work is aligned with NRAO’s strategic goals and objectives. PMD uses these tools to perform its
four primary areas of PMD responsibility: proposal development, ensuring best practices in management
of projects/managing projects, development of program and grant documentation, and providing
analytics for NRAO executive decision support.

6.3.1 PMD Standards
PM/SE processes, tools, templates, and techniques are also available to all NRAO staff. A Standard
Operating Procedures (SOP) document for PMD is being developed and will be distributed. The
initiative to complete the SOP by Q4 FY14 was delayed due to the loss of a key temporary staff member
earlier than planned, and the move to another division of a PMD permanent staff member. The SOP
completion is set for Q3 FY15, documented in the FY15/16 POP.

6.3.2 PM Process Audit and Training
Each existing process underwent informal process auditing in FY14 to assess process integrity and
quality: proposal development process, project management processes, documentation process, and
analytics and decision support processes. Process optimization opportunities will be reviewed in FY15
and changes documented during the development of the SOP.
In collaboration with CIS, PMD actively pursued and implemented a solution to the Sharepoint Browser
incompatibility issue, which resolved the inability to use a workflow in the tool. Working closely with
Fiscal, MIS, and HR, PMD obtained higher quality project charging information, critical to the success of
project performance. In addition, PMD assisted the Budget department in developing a cost model for
use on proposals to ensure a consistent, transparent approach.
Training on processes is being done on an ad-hoc basis, and formal training plans are being developed.
Each PMD staff member has a responsibility to provide training on PMD processes, project management
and systems engineering processes, throughout FY15 to the staff at their designated site. All training
completed is self-reported in SharePoint.

6.3.3 PM Face-to-Face Meeting
PMD hosted an interdisciplinary face-to-face meeting with all interfacing process owners in Q1 FY14.
This meeting was highly successful in ensuring that the process owners understood PMD processes, that
the interfaces were solid between the divisions, and that each was supportive of the other divisional
activities.
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6.4 Education and Public Outreach
The observatory’s Education and Public Outreach (EPO) department provides major components of the
public’s return-on-investment by (1) marshaling observatory resources in support of STEM (Science,
Technology, Education, and Math) Education, and (2) informing the interested public about the
observatory, its facilities, and the latest technical and scientific achievements of its staff and users. This
dual mission is reflected in the department’s organizational structure and in the two main section
headings that follow.
FY14 was a productive year for EPO with a variety of STEM programs and rich opportunities for the
public to enjoy the fruits of their investment in radio astronomy.

6.4.1 News and Public Information
NRAO’s telescopes and their users make numerous contributions annually to humanity’s understanding
of the universe. Making those discoveries and insights, as well as the means by which they are produced,
accessible to non-specialists, is a vital component of EPO’s work. We employ multiple strategies and
carried out a range of projects during FY14.
NRAO Website Work: A new public website template for news releases was created, as was an
entirely new NRAO “storefront” at www.nrao.edu which features responsive design for optimal display
on smartphones and small tablets.
NRAO Lobby Display: A proposed plan to design the new digital signage for the NRAO Lobby was
completed and provided to the NRAO Director. Due to conflicting priorities this project was put on
hold and the milestones for FY14 cancelled.
Milky Way Explorer for public website: A new online virtual tour of the Milky Way that features
"tour stops" where particular contributions of radio astronomy to our understanding of the Galaxy,
Local
Group,
and
solar
system
are
displayed
and
explained
debuted
at
https://public.nrao.edu/explorer/milkyway/TheMilkyWayExplorer.php .
Social Media Engagement: NRAO enjoyed impressive and continuous audience growth in its social
media channels, which include Facebook, Twitter, Youtube, and Vimeo. Our Facebook audience
increased from 18,860 to 45,798 and our Twitter following grew from 4,397 to 5,605 during FY14. This
activity was reported in the QSUs as an exception.
Press Releases, Media Announcements, and News Tipsheets: NRAO enjoyed a “bumper crop” of
interesting results, and EPO worked overtime to keep up! FY14 saw 33 press releases, 11 media
announcements, and 6 multi-story tip sheets. This activity was reported in the QSUs as an exception.
Media Relations: EPO handled numerous inquiries from the press, three of which resulted in major
ALMA stories on CBS News 60 Minutes and in National Geographic (print magazine and online). A visit
to ALMA by PBS NewsHour should result in a broadcast story in early FY15. This activity was reported
in the QSUs as an exception.
NRAO Display for Virginia Air and Space Center Museum, Hampton, Virginia: This museum has
dedicated a wall in their astronomy gallery for NRAO. We will design and fabricate a 4x8 ft. exhibit
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panel, and also provide a video screen with looping NRAO videos. This activity was reported in the
QSUs as an exception.

6.4.2 STEM Education
During FY14 EPO:











Operated the Green Bank Science Center (GBSC) and VLA Visitor Center (VLAVC) public
exhibits and tours program. Attendance at the GBSC was 36,791 and at the VLAVC 15,855
during the fiscal year. Both of these numbers were reduced by the effects of the October 2013
federal government shutdown, which closed both the GBSC and VLAVC
Provide special Green Bank tours to educational and tourist groups, as reported in Quarterly
Status Updates (QSUs)
Provided range of special community events in Green Bank, plus a regular schedule of special
scheduled activities (planetarium shows, lab tours, etc.) as displayed on, e.g.,
https://public.nrao.edu/events/month.calendar/2014/04/06/-.
Provide numerous Overnight Educational Field Trip programs for schools, universities, and
scouts in Green Bank, featuring student-conducted research using the 40-Foot Telescope (see
QSUs for names of groups).
Provided local astronomy teaching resources (and training in their use), including the use of
StarLab portable planetariums, in NM and WV.
Provided professional development opportunities for teachers through the Chautauqua Short
Course classes in NM and GB.
Provide a monthly series of public events at the VLA, featuring guided tours (done on the first
Saturday of each month, except for October because of the government shutdown).
Participated at the USA Science and Engineering Festival in DC 26-27 April, interacting with
thousands of attendees.
Note: The VLA’s annual Open House in October was cancelled because of the government
shutdown. The March Open House was held, albeit with reduced attendance due to the
National Park Service’s decision not to open the nearby Trinity Test Site.

Additional STEM Projects:
These activities have been documented in the QSU exception reports.
Skynet Jr. Scholars (SJS): During FY14 NRAO conducted a series of workshops with professional
educators, to develop and pilot-test the curriculum for SJS youth activities, as well as create a series of
development workshops for 4H leaders. The SJS program runs through FY15. These activities have been
documented in the QSU exception reports.
WV Governor’s School: NRAO Green Bank again hosted a cohort of rising 8th grade students for an
intense, two week educational experience. These activities have been documented in the QSU
exception reports.
Pulsar Search Collaboratory (PSC): A proposal for renewed funding for the PSC was submitted, but
not awarded. Helpful comments from the review panel are informing another funding proposal in FY14.
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Educational Annotation of Existing NRAO EPO Assets: The initiative to review existing inventory of
assets and annotate in accordance with appropriate STEM-related teaching standards was cancelled due
to reallocation of resourced by AUI.
VLA Visitor Center Improvements: FY14 saw the premiere of our new VLA film in the Visitor Center.
That film has been awarded three significant industry awards, an Interpretive Media Award from the
National Association for Interpretation (to be awarded in November, 2014), a Cine Golden Eagle award,
and a Telly Award. The online version of the film includes closed captions for the hearing-impaired in
both English and Spanish. Also, an interactive “kiosk” version of the VLA Explorer Virtual Tour was
created for the visitor center exhibit hall.
Vision & Feasibility Studies for a new VLA Visitor Center: EPO commissioned an economic feasibility
and impact analysis for a new visitor center at the VLA. The results suggest that an annual attendance of
35,000-45,000 is possible, and that a center with a 5,000 sq. ft. exhibit hall and associated visitor
amenities is optimal. Development of a conceptual design and implementation plan are underway.
STEM Role Models: Attracting the next generation of science practitioners involves more than just
helping students succeed in their STEM-related classes. Exposure to role models, the work they do, and
the rich environments in which they function, can give students, who are wondering just what it is that
they’re going to be, a model to emulate. NRAO participated in several STEM career development days
sponsored by community organizations in Charlottesville, including one sponsored by the Dominion
Virginia Power company and one carried out in coordination with the national “Hour of Code” event.
The new WV SPOT (Space Public Outreach Team) trained West Virginia undergraduate students to
become STEM presenters to WV grade school students; this program was funded by the WV Space
Grant Consortium.
ALMA Operations Online Interactive Role Playing Game: In collaboration with a contracted outside
educational game developer, and in consultation with NRAO’s experts in ALMA operations, we will
continue work begun late in FY14 to develop an online role playing game in which players will be
challenged to make real-time choices that determine the scientific success of the ALMA telescope.
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6.5 Administration
There were several advances and improvements in FY14 in the Administration area. Environmental
Safety and Security (ES&S) introduced new training and recordkeeping programs. The Export Controls
section of Contracts and Procurement improved the screening process for visitors to NRAO. These
two areas collaborated with Computer Information Services to enhance security in the electronic
divisions at the NRAO sites. The CDL building is now locked twenty-four hours a day and phone system
was installed for visitors to request admission to the building. The Green Bank electronics corridors in
the original Jansky building were secured and additionally access further limited to the control room and
its data center. Plans were executed and a vendor search executed to install card access controls to the
DSOC electronics areas on the first and second floors (installation to be completed by the end of
November 2014). Front door access to the Edgemont Road headquarters building is now limited to 8am
to 5pm, Monday through Friday.
Infrastructure improvements include a generator at Edgemont Road and a new elevator at CDL. The
generator was installed in partnership with the building landlord, the University of Virginia (UVA). It
provides up to 24 hours of backup power to HQ and NAASC computer systems as well as the
observatory communications system. UVA paid one-third of the price of the project and provided
project management support, design review, and directed the permitting process; they have agreed
provide maintenance support and fueling services within the price and scope of the existing lease. Six
weeks after the generator went into service an emergency repair of switching equipment created a twohour outage. All systems remained on-line with no interruption of computer, communication or datastorage services. The elevator replacement in the CDL building was a term agreed to by the landlord in
the lease renewal effective 1 October, 2013. The existing elevator was original to the building.
NRAO received in March a sustainability study prepared for NSF by Noblis Energy. This study was
reported on comprehensive site energy reviews performed in 2013. A response was prepared for NSF
and recommended improvements that can be supported by current operating budgets were initiated.
The report recommendations will be reviewed annually to determine if additional ones can be
implemented.
On behalf of the NSF, the Administration department supported activities related to the recompetition
of the NRAO program cooperative agreement. The department obtained and prepared several
documents for NSF recompetition document library. It assisted in hosting the Charlottesville site visits
to HQ and CDL, preparing floor plans, providing tour hosts and hosting lunch for the visitors. ES&S
supported portfolio review related site visit to Green Bank of CH2M Hill to perform site environmental
reviews.

6.5.1 Business Services
The Associate Director of Administration solicited and reviewed recommendations from Observatory
Administrative Services division heads for how their division would best be managed in their absence. A
succession planning document was drafted and a copy was provided to the Director.
Two VLBA sites are currently undergoing lease renegotiations. Owens Valley expired May 2013 and is
being negotiated by Cal Tech with the LA water authority that owns the land. St. Croix expires
March 2014. Negotiations were completed with St. Croix. The final lease has not been signed by the
St. Croix government. Testimony was submitted by the Associate Director of Administration for their
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review. NRAO has not yet received a response on St. Croix. Both lease renegotiations will be
monitored into FY15 until completed.
Plans were initiated for a move of the CDL by the end of FY17. The landlord did not include an option
to renew in the five-year lease effective 1 October, 2013, preferring to either renegotiate at the end of
the term or to sell the property. An architect was retained to perform a program review and project
the amount of square feet a new facility will require; a proposed floor plan was prepared.

6.5.2 Contracts and Procurement
The Contracts and Procurement (CAP) division in FY14 accomplished several enhancements that to
NRAO’s Export Management & Compliance Program that further clarify the observatory’s export
procedures and guidelines. First on the agenda was to develop a process by which controlled items are
properly labelled as either “ITAR Controlled” or “EAR Controlled.” In addition, the appropriate United
States Munitions List (USML) Category and Sub-Category, or the appropriate Export Control
Classification Number (ECCN), will be included on the label. The labels on controlled commodities will
enable NRAO staff to immediately recognize commodities which are controlled, and thus may require
an export license, both when shipping to international locations and when hosting foreign persons at
NRAO facilities. The new process can be found on the NRAO staff web page under Admin Services.
The second CAP achievement this year was the development of two short export training videos that
will be available to all NRAO staff by November 15, 2014. The emphasis of the training videos is on
Denied Party Screening and Deemed Exports, two Export Administration Regulation (EAR) subjects that
are frequently misunderstood as to their applicability to the observatory. The goal was to create a short
but concise explanation of the subject matter in a way that could be easily understood, and to briefly
describe the NRAO processes created to comply with said requirements. A record of staff members
who view the training videos will be maintained.

6.5.3 Environmental, Safety & Security
The Environment, Safety, and Security (ES&S) division completed the development of a comprehensive
Observatory-wide Safety Training Plan designed to ensure that both mandatory and developmental
safety training is consistently conducted, and appropriate records maintained. The ES&S department
investigated and selected a training record maintenance system within JD Edwards that will ensure all
employees are identified and safety training is conducted in a timely basis. This system is being populated
and utilized.
ES&S investigated the use of a Safety Work Order system to track outstanding safety corrective actions.
Several options were considered and the current JIRA system used in ALMA was tested to determine
applicability and ease of use for the NRAO as a whole. While functional, it is not clear that this system
will be utilized for future work order tracking.
In addition, ES&S implemented a security policy for the Observatory. The policy is posted on the
internal NRAO web page and accessible to all employees. As part of the ongoing efforts to secure the
facilities, ES&S coordinated with both local site management and Export Management and Compliance to
identify areas where controlled technology may exist and implement card access controls to the
designated locations at the facilities. This effort relied heavily on the entire Business Service efforts.

NRAO | FY14 Annual Progress Report

56

6.5.4 Management Information Systems
The new cost allocation system was completed and loaded into JD Edwards effective 1 October, 2013.
The Management Information Services (MIS) division completed an upgrade to the Oracle JDEdwards
operating system providing compliance and enhancements for web browsers. MIS completed two joint
efforts with Human Resources for an automated Personnel Evaluations Process (PEP) system and
Medical Plan revisions project during the Q2 period. Investigation and testing of future JDEdwards web
services and software was on-going throughout FY14, beginning in Q2.

6.5.5 Technology Transfer Office
The NRAO Technology Transfer Office (TTO) now has a web communications presence in the
following forms: internal TTO website for employees, external TTO website for marketing, Federal Labs
Consortium (FLC) main site for general category identification, FLCBusiness site with more specific
commercialization opportunities, Association of University Technology Managers (AUTM) Global Tech
Portal marketing of specific intellectual property and the Kauffman Foundation iBridge portal marketing
of specific intellectual property. Having multiple sites with similar messages potentially provides greater
visibility to the NRAO commercialization efforts, enabling a wider exposure to industry.
The TTO engaged in print media advertising campaigns and direct-contact marketing at symposiums and
conferences to reach potential intellectual property licensing partners and technology development
partners. As a result, there are currently two industry companies in negotiations with NRAO.
A company was identified that is seeking to form a technology development partnership agreement in
order to aid the commercial company in bringing to market a very advance and critical safety product,
which benefits from the technical expertise of NRAO engineers and researchers. Negotiations ran the
course of the year. The Director assigned this project to the Director of CDL. Updates on this project
will be included as exception reports during FY15.
The NRAO intellectual property policy document updates are complete, have completed the NRAO
review process and are now proceeding to AUI for formal approval during the first quarter of FY15.
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6.6 Human Resources
The Human Resource Department provided professional services and administrative expertise in the
achievement of this year’s goals in the areas of Compensation, Performance Management, Policy
Development and Administration, Training and Development, and Employment. During FY14 we
focused on several key new program/enhanced program areas.

6.6.1 Performance Review
Following an RFP process in late FY13 the NRAO HR Department began implementation of the new
electronic performance evaluation process utilizing Halogen Software. In September 2013 the HR
Department’s designated systems administrators began their formal instruction by the professional
Halogen trainer followed by five months (October 2013 through February 2014) of learning to
administer the system and configure forms and processes for the Observatory PEP (Performance
Evaluation Plan) process. The PEP process was opened and made available to all Observatory staff in
March 2014 and closed in August 2014. During this time all staff completed their appraisals to include
management review/signature electronically for the performance evaluation time period of April 2012
through September 2013. This protracted appraisal timeframe was due to shifting our appraisal review
period to match up to the fiscal year. From this point going forward all appraisals will be calibrated to
the fiscal year (October through September), with the evaluation process beginning the month following
the close of the performance evaluation period (fiscal year). An example of the go forward approach for
FY14 is as follows:




Performance Evaluation Period (1 October, 2013 through 30 September, 2014)
Performance Evaluation Process (1 October, 2014 the electronic process is made available to
all staff to evaluate performance against goals established for FY14, the process is closed on
31 December, 2014 and all appraisals are to be complete)
Merit review process begins in mid/late December with the close of the PEP process with merit
increase decisions with effective dates in January 2015.

This approach supports the Observatory’s total rewards/compensation philosophy of pay for
performance by directly linking the performance evaluation process results with a follow on merit
review process.
The new electronic PEP process also includes functionality to deploy a multi-rater/360 evaluation
process. This functionality was applied during the first PEP cycle for the Director’s direct reports and a
few other one level down managers as a beta process. The information gathered during this multirater/360 process is designated for use in the development of those individuals rated during the review
process.

6.6.2 Compensation
After providing several scenarios for distribution of the salary increase pool for the Observatory, it was
determined that the increase for FY14 would be delivered as a flat 2% increase for all employees. This
decision was made due to the monetary effect on employees with the implementation of the HDHP
(high deductible health plan) for all employees as the only medical plan choice for the Observatory, the
small amount of funds available and the infrequency of salary review over the past five years due to lack
of funding. The HR Department administered the process and ensured all percentage increases were
delivered on time, within budget and with 100% accuracy.
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6.6.3 HR Policy
The current Supervisor's Manual and Employee Handbook have been consolidated into one HR Policy
Manual by the close of FY14. Certain sections of this consolidated manual are currently receiving legal
review and the implementation/communication/publication of the new manual will be complete in Q1
FY15. Three new policies were approved and published during FY14: Workplace Bullying Policy, Code
of Ethics and Standards of Conduct Policy, and the Code of Ethics and Standards of Conduct Violation
Policy. These new policies have been incorporated into the new consolidated HR Policy Manual.

6.6.4 Training
During FY14 the HR Department delivered Manager/Supervisor training/workshops with all sessions and
make up sessions delivered on site in Charlottesville, Green Bank, and Socorro. Training attendance is
tracked in the JD Edwards (HRIS) system. Sessions delivered were:
 Effective Planning & Goal Setting
 Managing Attendance and Leave Policies
 Sexual Harassment, Discrimination, and the Bullying Policy training
The HR Department continues its development and delivery of new training programs into FY15.

6.6.5 Employment
During the RFP for the electronic PEP process it was determined that the vendor, Halogen Software,
could also provide a module for an Applicant Tracking System (ATS). A cost analysis was conducted and
it was determined that the Observatory could purchase the electronic PEP process and the ATS for
slightly more than the current cost of the PeopleAdmin ATS in use by NRAO. Since the contract
renewal date was November 2013 with PeopleAdmin it was decided to leverage the availability of the
Halogen ATS module and as a replacement for the current/more expensive ATS. As a result,
PeopleAdmin was disabled in November 2013 and replaced by the Halogen eRecruit module in January
2014. The eRecruit module and functionality, while inferior to PeopleAdmin, has been acceptable
although it is placing additional steps back on HR staff. We anticipate Halogen Software will upgrade the
module in the coming months as was reported by Halogen during the RFP process.

6.6.6 Benefits
NRAO HR participated with AUI Benefits Manager and the Head of Observatory Budgets in the strategy
and design of the benefits offering for FY15.
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6.7 Diversity
6.7.1 Communication
The diversity and broadening participation activities for FY14 increased at a significant pace. As a result
of an external diversity review in 2013, NRAO developed a diversity strategic plan in FY14 that serves
as a roadmap for diversity initiatives across the Observatory. Additionally, a comprehensive recruitment
guide was implemented that strategically redesigned the hiring process. The composition of diverse
search committee members, training, diverse sourcing outreach, review of applicant pools, and HR
participation on search committees are components incorporated into the hiring process that will
position NRAO to attract and increase underrepresented groups for vacancies across the Observatory.
In creating a communication strategy that highlights the diversity mission, the NRAO Director included
a diversity message in the All Hands Meetings across the sites. As part of the electronic performance
evaluation process, a diversity competency was included where staff are evaluated on the competency.
NRAO has continued the Employee Diversity Group meetings across the sites and the content on the
diversity web page is managed and continuously updated to keep staff informed of diversity events
across the Observatory. The Diversity Advocates remain engaged and continue to serve in a critical
role in keeping the diversity mission in front of the staff and providing site specific diversity and
broadening participation activities that are relevant to their staff.

6.7.2 New Initiatives
Implemented FY 2014 initiatives identified in the 2013 Diversity Review Panel report.

6.7.3 Training
Diversity and Cultural Awareness Training is on-going at NRAO. Diversity specific trainings conducted
in FY2014 include Diversity Etiquette in the Workplace, LBGTQ Session – Creating Safe Space and
Allies in the Workplace, and the Impact of Unconscious Bias. All trainings are recorded and can be
accessed via the Diversity web page. Diversity specific articles and topics are facilitated by Employee
Diversity Group members. During meetings the members have open and informal discussions on issues
of workplace gender, cultural and ethnicity topics. During Q3 and Q4, a diversity speaker series was
established which included Drs. Jarita Holbrook, Hakeem Oluseyi, Kecia Thomas, and Leeuw Lerothodi.

6.7.4 International Outreach
The NRAO International National Exchange program (NINE) was also launched last year. The goal
here, like the NAC, is to create cohorts of MS and PhD level students who will be co-mentored by
NRAO and South African faculty on science projects. As part of the program, we hosted students from
South Africa for 6-8 weeks at a time. In the last fiscal year we were able to host Buntu Ngcebethsa
from the University of Cape Town who has just started his MSc thesis with Tom Jarrett (UCT) and
Kartik Sheth (NRAO). Three other students are also being co-mentored by K. Sheth (MSc students
Malinga and Branken, and Honors student Fortune). We also hosted three South African faculty as
guests at conferences or diversity speaker series speakers (J. Holbrook, R. Dave’ and L. Leeuw). We
also invited R. Hlozek, who is originally from Pretoria and currently a postdoctoral fellow at Princeton
for a colloquium visit. Additionally, Kartik Sheth visited South Africa, taught in the NASSP program, and
had discussions with all the major stakeholders in Cape Town, Pretoria, Johannesburg and
Potchefstroom. The stakeholders included faculty, administrators and government officials. In addition
a special meeting was held with the South African ambassador in Washington D.C. to discuss strategies
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to acquire additional support and funding. Finally, a special session is organized at the AAS meeting
entitled, “Astronomy across Africa – A New Dawn – II.”
We plan to continue to grow our
relationships with the U.S. and RSA stakeholders in 2015 and hope to sign a memorandum of
understanding at the 2015 AAS meeting.

6.7.5 Domestic Outreach
The Education and Public Outreach and the Science Support and Research Divisions worked closely
with HR in integrating resources in order to increase the number of underrepresented students in our
pipeline initiatives. The focused coordination associated with planning of the summer REU program
ensured a successful and more diverse summer REU program. Targeted advertising to Minority Serving
Institutions (MSIs) was instrumental in attracting minorities for the Summer REU program. This was
done as part of the National Astronomy Consortium (NAC, see more below), a growing partnership of
minority and majority serving institutions coming together to build future STEM leaders from underrepresented groups and students who would otherwise be removed from the academic pipeline. The
NAC, now in its second year of existence, builds on the lessons learned from our partnership with
Howard University extending it to a more holistic national model that aims to address each part of the
academic pipeline from undergraduates to career. Of the 207 applications received during the FY14
Summer REU Program, 28 were from underrepresented students, and 14 applicants were directly from
NAC partners. Seven were accepted into the summer student program. The NAC and REU are parallel
programs within the NRAO summer student program with some common goals and activities over the
summer – we merged the application process for the two programs.
In regards to domestic pipeline initiatives, Green Bank hosted the inaugural "Physicists Inspiring the
Next Generation (PING) 2014: Exploring the Cosmos with NRAO". This collaboration between the
National Society of Black Physicists (NSBP), the National Radio Astronomy Observatory (NRAO), and
Associated Universities Inc. (AUI) supports two White House initiatives, My Brother's Keeper which
worked to address the education needs of young men of color, and a second effort to promote interest
in science among girls. Exploring the Cosmos with NRAO focused on multiple levels of the physics and
astronomy pipeline, and included a two week summer program designed to expose middle school
students to the fields of physics and astronomy, and an eight week program designed to cultivate
interest in radio astronomy research in undergraduate students. Middle school students spent two
days in the physics labs at Hampton University and Norfolk State University, and a day at the Jefferson
Lab. These experiences were followed by a week-long camp at the National Radio Astronomy
Observatory in Green Bank, WV. The undergraduate students selected for the program, were exposed
to a "REU like" experience at NRAO in Green Bank. As part of this program the undergraduates served
as instructors and mentors for middle school students during the 2-week summer camp. In addition to
the summer camp, undergraduates were partnered with an astronomer or engineer at the Green Bank
facility where they engaged in various cutting edge research for the remainder of the 8-week experience.
The New Mexico site hosted a successful Summer Youth Employment Program in FY2014. NRAO HR
worked with EPO to host the “Day of Code” event with the Boys & Girls Club of Central Virginia. The
participants encompassed city, county and home schooled youth. The CV Staff shared their experience
with working with code with the youth and had discussions regarding career opportunities at NRAO.
The NRAO High School Volunteer Program was offered for the second year in CV and three local high
school students were hosted by IT, Archives and Administration. This pipeline initiative provides the
students an opportunity to work on a short term project that will expose them to NRAO.
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6.7.6 Employment
A comprehensive recruitment guide was implemented that strategically redesigned the hiring process.
The composition of diverse search committee members, training, diverse sourcing outreach, review of
applicant pools, and HR participation on search committees are components incorporated into the
hiring process that will position NRAO to attract and increase underrepresented groups for vacancies
across the Observatory.
NRAO HR has created a partnership with the Department of Rehabilitative Services and NRAO was
recognized as being a Diversity Champion for the Disabled population. NRAO works closely with the
Workforce Development agencies to post vacancies. The Workforce Development agencies provide
specialized services for Veterans and underserved populations seeking employment. NRAO also
participated in the University of Virginia Faculty Search Committee workshop. There has been close
collaboration with the HR Staff at Space Science Telescope Institute in regards to HR and Diversity best
practices.
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6.8 Computing & Information Services
Computing and Information Services (CIS) oversees operational Information Technology (IT) and
standard computer support needs for all NRAO sites. CIS sys-admins are matrixed into Scientific
Information Services (SIS) under DMSD to ensure efficient and seamless support for staff, HPC,
telescopes and the community.
CIS will continue to provide planning, policy, standards (for software, hardware, and system
administration), computer security, allocation of the shared central computing budget, web services, staff
computer orientation, inter-site computing-related travel, procurements, and maintenance contracts.
CIS also manages the telecommunications infrastructure (voice, video, data and mobile) throughout the
observatory. In addition, CIS covers the cost of upgrading Computing Infrastructure for desktop and
servers as well as printers and storage systems and retired the major power availability risks in FY14
with the installation of generators to support key Green Bank and Charlottesville services.
CIS supervises the maintenance of all computer equipment and commercial software observatory-wide
and manages a budget to provide and support these services for audit compliance and supportability.
Starting in FY14, CIS allocated additional staff time to ensure compliance in this area, guarding against
overpayment, or worse, inadvertent violation of license agreements.
The following sections outline the activities coordinated by CIS, to ensure an optimum computing,
storage, and communications environment for staff and users of NRAO telescopes as well as providing
flexible support for an active research and development program.

6.8.1 Common Computing Environments
The CCE forum coordinates and prioritizes NRAO-wide computing projects and initiatives between the
sites, facilitated by the annual system-administrator’s meeting and attendance of select computing and
security conferences. To better support NRAO staff, CIS has begun the shift to an observatory-wide
helpdesk with simplified priority/urgency categorization and industry compliant categorization of tickets
to differentiate unplanned incidents from standard support requests and planned changes to the
infrastructure.
A major achievement this year was the work to improve the central management of systems and
patches for both Windows (System Center) and Apple (Managed Software Center) platforms. Another
key endeavor for FY14 improved training and user support documentation, through the new web based
Information Services Computing Guide, to enabled the granular definition of information access to
better support both staff and visitors with relevant documentation.
NRAO has transitioned all new Microsoft builds to Windows 7 by leveraging System Center, along with
the increased use of system virtualization to reduce server space and power footprint, especially for the
consolidation of software development systems. CIS has capitalized upon the implementation of System
Center to streamline the management of patches and applications with specific focus on the move to the
new Endpoint Protection for malware defense (particularly web-based) and is in the final stages of
retiring the unsupported Windows XP platform.
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6.8.2 Communications and Network
The 10 Gigabit/sec link to the Green Bank site was completed in April 2014, allowing for automated
data flow to CV (including the UVa Data Center) and external observers, which enabled the retirement
of manual shipment of boxes of disks.
In an effort to simplify the management of the NRAO online staff directory (providing office address,
phone number and E-mail information) CIS consolidated on Active Directory, retiring the legacy LDAP
service and simplifying multiple “auto-generated” E-mail lists, e.g. all-employee.
Finally, as the importance of international partnerships and the cost of travel continue to increase, it is
appropriate that NRAO maintain a viable tele-presence infrastructure to better serve our staff and user
community. In FY14, CIS completed a major milestone with the upgrade to high definition
videoconference systems for all meeting rooms (replacing end-of-life systems) to improve inter-site
communications. In addition, funds were allocated to replace the unsupported video/audio conference
hub, with planned integration in early FY15, and staff allocated to improve web access to recorded video
of colloquia and staff training materials.

6.8.3 Computing Security
Good progress was made in FY14 on the evaluation of the Bro Network Security Monitoring tool at the
Charlottesville and Green Bank locations. This success will inform the future strategies for enhanced
real-time network monitoring observatory-wide. In addition, the required “securing the human” on-line
training service was again provided for all employees, which continues to manage the growing attach
vector of social engineering content to trick staff into generating a security breach, usually by clicking on
malicious e-mail or web content.
The evolution of web-based applications platforms, Software as a Service, mobile devices, and
distributed computing/storage continue to require constant vigilance and leadership from CIS as more
users adopt these technologies to facilitate external collaboration and shared research. The integration
of tables to the NRAO infrastructure remains a challenge due to the security risk from 3rd party apps,
but CIS does now support real-presence video on employee’s personal systems. Evaluation of a
management solution for tablets (Apple and Android) is on-going, but as yet VPN access to the internal
network (e.g. for access to financial/payroll systems) is not allowed, due to security concerns.

6.8.4 Site Specific Facilities Infrastructure
As stated in Section 6.5.1, the milestone for the specification and installation of an emergency generator
was completed. Charlottesville site now has a 150 kW ATT generator to support the NAASC and other
Edgemont Road computing resources.
Implementation of the scalable architectures (ref. milestone 6.8.3) continue to grow in importance for
such key areas as Archive (NGAS), Cluster Computing Scheduler (Torque+Maui/Moab), Parallel
Filesystems (Lustre) and Content/Document Management Systems (Plone/Sharepoint). CIS maintains a
highly available Network Attached Storage (NAS) system with associated backups at each site, and is
making the strategic shift to storing all science data on Lustre to manage cost/capacity on these
expensive systems. During FY14 the Socorro site took delivery of a new NAS to double the capacity of
this critical system.
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To better support inter-site access and to enable more granular control of site security, CIS has been
working with NM facilities to install the standard Millennium swipe-keycard system in Socorro. This
system was specified and purchased in FY14 and will be installed in early FY15 to limit access to areas
containing sensitive computers and equipment, while allowing for appropriate visitor access to other
areas. Finally, a replacement Video/Audio hub for NRAO was purchased with year-end funds and will be
tested and installed in Q1 FY15 to enhance the inter-site collaboration and communication.
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6.9 Director’s Office
Overview
The NRAO Director’s Office hosts the Communications Office (section 6.9.1), the New Initiatives
Office (section 6.9.2), and the Spectrum Management Office (section 6.9.3)

6.9.1 Communications
The NRAO presence at the winter American Astronomical Society (AAS) meeting – 5-9 January 2014,
Washington, D.C. – included a day-long VLA Sky Survey Workshop on Sunday, a two-hour NRAO
Town Hall on Tuesday evening, as well as NRAO and AUI participation in the meeting’s multi-day
exhibition. NRAO sponsored and hosted two Splinter Sessions at this AAS meeting. Proposing for NRAO
Instruments was a three-hour session scheduled on Tuesday afternoon that assisted members of the
community, especially new users, who expressed interest in proposing for the GBT, VLA, and/or VLBA.
The Telescopes for Cosmic Dawn and 21 cm Cosmology Splinter Session was held immediately after the
NRAO Town Hall. It continued and broadened NRAO’s discussion with the community about U.S. plans
for future telescopes capable of tracking the Universe’s transition from a neutral to an ionized state
during cosmic dawn using the highly redshifted 21 cm line of neutral hydrogen. NRAO also actively
participated in the undergraduate orientation Sunday evening, and the Tuesday afternoon local public
outreach events organized by the AAS and sponsored by AUI.
The NRAO presence at the summer AAS meeting – 1-5 June 2014, Boston, MA – included NRAO and
AUI exhibits, as well as participation in an undergraduate orientation and local public outreach events
organized by the AAS and sponsored by AUI.
Proposals for a day-long Next Generation VLA Workshop, an NRAO Town Hall, and a Splinter Session
– New Capabilities at the NRAO – for the January 2015 AAS meeting in Seattle, WA were submitted and
accepted. NRAO and AUI will also participate as exhibitors and sponsors of the undergraduate
reception and local public outreach events organized by the AAS.
Two science symposia were prepared and presented to the broader science community at the 2014
Annual Meeting of the American Association for the Advancement of Science (AAAS) – 13-17 February
2014, Chicago – with speakers from NRAO and across the astronomy community: (1) From Dust and
Gas to Disks and Planets (180 minutes, 6 speakers); and (2) New Millimeter-Wavelength Insights into Galaxy
Evolution in the Early Universe (90 minutes, 3 speakers). An especially diverse science symposium titled
Building Galaxies: Some Assembly Required was organized, proposed, peer-reviewed, and accepted for the
2015 Annual Meeting of the AAAS – 12-16 February 2015, San Jose, CA – with speakers from NRAO
and across the astronomy community.
The Communications Office (COM) continued to edit and publish the monthly NRAO electronic
newsletter, eNews, each issue of which was distributed to 8,500+ persons around the world. COM
published a 2013 NRAO Annual Report and managed the high-level content at the NRAO science
website (http://science.nrao.edu) and the NRAO Intranet (http://inside.nrao.edu). The 2014 NRAO Research
Facilities brochure was published in January 2014, immediately prior to the winter AAS meeting.
COM and CIS collaborated on the NRAO exhibit at the International Conference for High Performance
Computing, Networking, Storage, and Analysis conference – 18-21 November 2013, Denver, CO – an
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annual gathering of 10,000+ scientists, engineers, software developers, CIOs, and IT administrators from
universities, industry, and government agencies.
COM worked with Director’s Office and staff across the Observatory to prepare NRAO
briefings, and support materials for NSF and for the 2014 Users Committee, which
Charlottesville, VA 28-30 May, and the 2014 Visiting Committee, which met in Socorro,
25 April. COM also collaborated with Director’s Office and the Observatory’s management
improve internal communications across the Observatory.

reports,
met in
NM 24team to

6.9.2 New Initiatives
Strategic Mission
The NIO facilitates strategic partnerships and collaborations with academic, government, and non-profit
organizations. Among the core NIO activities envisioned for FY14 are to continue developing and
further expanding partnerships that sustain the scientific operations and unique technical capabilities of
the VLBA and GBT.
FY14 Activities
Sustaining activities for VLBA and GBT: As NSF’s plans for recompeting the management of NRAO
became clarified during FY14, the NRAO Director took direct responsibility for discussions involving
the potential support of these instruments by NASA and other Federal agencies. These discussions have
begun to focus on a number of specific applications, and are continuing into FY15.
Institutional Activities with the Large Synoptic Survey Telescope: The head of NIO has served as
NRAO’s institutional representative on the LSST Board, and in calendar 2014 has served as Treasurer of
the LSST Corporation and Chair of the LSSTC audit and finance committee. The Committee was
significantly expanded and the level of financial expertise broadened.
Institutional Activities in the RadioAstron (RA) project: The Head of NIO serves as NRAO’s
institutional representative on the RadioAstron International Science Council, and attended the RISC’s
annual meeting in August, which was held in the margins of the COSPAR meeting. The RA downlink
receiving station, that makes use of NRAO’s 140-foot antenna in Green Bank, has worked well since
beginning operations late in 2013 and has significantly enhanced the science reach of the spacecraft. NIO
helped develop the recently signed Memorandum of Understanding with the Lebedev Physical Institute
(RA’s scientific home) which simplifies access to NRAO’s radio telescopes for well-reviewed proposals
already approved by RadioAstron’s international time allocation committee.
Institutional Activities with Xinjiang Astronomical Observatory (XAO): XAO is pursuing plans to
build a 110-meter diameter radio telescope in QiTai County in western China. Following the signature
of an MOU between NRAO and XAO in late September 2013, NRAO continues to develop this
relationship, and is concluding a contract with XAO to provide radio astronomical consulting services; in
addition, NRAO recently hosted a visit by XAO management and engineering personnel to the CDL and
to Green Bank.
MOU with STARGATE: In FY14, NRAO was asked by the University of Texas Rio Grande Valley
(UTRGV) to develop an umbrella MOU for collaboration with the University’s STARGATE (Spacecraft
Tracking and Astrophysical Research into Gigahertz Astronomical Transient Emission) Project;
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STARGATE is a cooperative effort between the Space Exploration Technologies Corporation (SpaceX)
and the University of Texas system. In late September, NIO drafted an MOU proposing mutual
collaboration in a number of technological and educational areas, and discussions are underway to
finalize and sign the MOU.

6.9.3 Spectrum Management
National spectrum management issues
The Iridium satellite phone system is in the process of renewing its operating license and designing a
new generation of satellites. Iridium has generated strong interference into the 1612 MHz OH band
since its inception and the situation has deteriorated as the Iridium operating frequency range has been
allowed to extend downward, closer to the OH band. NRAO prepared extensive background materials
to guide upcoming national negotiations between NSF, Arecibo and Iridium, in the expectation that
interference-free observing will be the norm in the near future.
The FCC is in the process of re-defining the TV broadcast bands to open more spectrum for wireless
broadband. This is reflected in several complicated regulatory proceedings that affect radio astronomy
operations in the protected band 608 – 614 MHz (TV channel 37 in the US, 38 in Europe) and perhaps
eventually at much lower frequencies as the remaining broadcasters are re-packed into the lower
reaches of the TV broadcast spectrum. NRAO files FCC comments as issues develop, in the hope of
preserving channel 37 as a clean observing band.
The use of vehicular and other 76 - 86 GHz radars is beginning to proliferate. The US has yet to adopt
operating rules for car radars, which eventually will operate in multiples of 4-8 on every vehicle, hence
by the billions over the country. Unfettered radar operation will cause severe interference problems for
mm-wave astronomy, even up into the harmonics at 230 GHz. NRAO has filed several comments in
FCC proceedings with the eventual goal of establishing coordination zones around observatories.
NRAO is currently coordinating VLBA observations in Owens Valley with an airborne 75 & 84 GHz
communications system being tested by Google over Utah.
The NRAO Spectrum Manager participated in meetings of the National Spectrum Managers Association,
CORF, and the monthly telecons led by NSF in preparation for meetings at the ITU-R in Geneva.
International spectrum management
The NRAO spectrum manager attended four meetings at the ITU-R in Geneva during FY14 in
preparation for the World Radio Conference in November 2015. Issues under discussion include:
+ Wireless avionics: manufacturers wish to lighten aircraft and improve onboard
communications by eliminating wiring. Spectrum at 4.2 – 4.4 GHz has been identified for this
purpose but Boeing and Airbus are hoping for additional spectrum near 23 GHz that would put
extreme pressure on nearby frequency bands allocated to astronomy. Fortunately, this effort
has stumbled in proving compatibility with other commercial services.
+ Widening of an allocation at 9.3 – 9.9 GHz for earth-mapping, synthetic-aperture radar.
Future illuminations of radio observatories by commercial radar operators will be curtailed but
some details are unclear and some classified systems may not participate.
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+ Additional spectrum for radars at 76 – 81 GHz. The only question is the uses to which the 77
– 81 GHz band will be put. In the meantime, NRAO is participating in discussions to establish a
record of studies of projected interference, which could be used by national administrations
to establish coordination zones for the protection of radio observatories. In any case, prospects
are dim for continued 4mm observations in sites that are in direct line of sight to major cities.
The NRAO spectrum manager, also the current Vice-Chair of IUCAF, helped organize the April 2014
IUCAF spectrum management school in Santiago, Chile and delivered several lectures there.
ALMA Spectrum Management
The ALMA HQ in Santiago was the site of the 2014 IUCAF Spectrum Management School
(http://www.iucaf.org/sms2014/), held 11-14 April. The sessions were well attended, with participation and
lectures by ALMA and AUI staff, foreign and local enrollees and Chilean regulators from SUBTEL.
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APPENDIX A: MAJOR MILESTONES COMPLETION MATRIX
Milestone

Final Status

Explanation of the Schedule
Variances

OBSERVATORY SCIENCE OPERATIONS
3.1

Science Support and Research
Telescope Time Allocation (TTA)

1

SSR review of TTA

Completed

2

CfP for semester 2014B

Completed

3

CfP for semester 2015A

Completed

4

SRP & tech review process, semester 2014B

Completed

5

SRP & tech review process, semester 2015A

Completed

6

TAC meeting for semester 2014A

Completed

7

TAC meeting for semester 2014B

Completed

8

Update SW tools requirements for TAC support 2014A

Completed

9

Update SW tools requirements for PST 2014B

Completed

10

Update SW tools requirements for TAC support 2014B

Completed

11

Update SW requirements tools for PST 2015A

Completed

12

Update documentation for CfP & tools 2014B

Completed

13

Update documentation for CfP & tools 2015A

Completed

Science User Services (SUS)
14

HD 4.5 documentation

Completed

15

Update ALMA Cycle 2 proposal preparation documentation

Completed

16

Update CASAGUIDES

Completed

17

Update CASAGUIDES

Completed

18

IAU Symposium 303 – The Galactic Center

Completed

19

NRAO/China Science Workshop

Completed

20

8th NAASC sponsored science workshop

Completed

21

AAT/ASA science requirements

Completed

22

Manual reduction of ALMA science data and QA2

Completed

23

Manual reduction of ALMA science data and QA2

Completed

24

ALMA pipeline tests complete between manual and pipeline
products

Completed

25

Requirements for integrated science portal

Completed

26

Manual reduction of ALMA science data and QA2

Completed

27

Reprocessing pipeline interface tested

Completed

28

Manual reduction of ALMA science data and QA2

Completed

Science & Academic Affairs
29

Jansky Fellow selection

Completed

30

NRAO summer student selection

Completed

31

SOS program selection for ALMA Cycle 2

Completed

32

Summer student program begins

Completed

33

Summer Student program concludes

Completed
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Milestone

34

Final Status

Science Support and Research Services

Completed

Renegotiate electronic journals

Completed

Explanation of the Schedule
Variances

OBSERVATORY TELESCOPE OPERATIONS
4.1

Atacama Large Millimeter/submillimeter Array
Construction

1

ALMA Construction Completion and Operations Readiness
Review

2

Acceptance of Optical Pointing Telescopes

Completed

3

Complete installation of 400V cables and fuse disconnects at
AOS

Completed

4

Complete delivery of FE Thermal Interlock Modules

Completed

5

Complete delivery of NAOJ Band 4, 8, and 10 multipliers

Completed

6

Delivery of first Front End Handling Vehicle (FEHV)

Delayed

7

Delivery of three remaining FEHVs

Delayed

Delayed

The JAO has postponed the entire “ALMA
Construction Completion and Operations Readiness
Review (ACCOR)” until Q2 FY15.

Final delivery will occur during the No-Cost
Extension period (30 November 2014).
Final delivery will occur during the No-Cost
Extension period (30 November 2014).

Operations
NAASC/NA ARC
8

ALMA Construction Completion and Operations Readiness
Review

9

ALMA C1 User Survey

10

C2 Phase 2 Software Tests

Completed

11

Start of C2 observing season

Completed

12

C1 Data Delivery Closeout

Delayed

13

Establish long-term maintenance contracts for vendor bulk
modules

4.2

Very Large Array (VLA)

Delayed

The JAO has postponed the entire “ALMA
Construction Completion and Operations Readiness
Review (ACCOR)” until FY15.

Completed

Completion and close-out of these
observations is not expected until the end of
Cycle 2 (Q1 FY16).

Offsite HW
Completed

Scientific Support for Operations
1

Support the 2014B semester (1 Feb 2014) Call for Proposals

Completed

2
3

Support the 2015A semester (1 Aug 2014) Call for
Proposals
Support reconfiguration to B-config

Completed

4

Support reconfiguration to BnA and A-configs

Completed

5

Support reconfiguration to D-config

Completed

6

Support reconfiguration to DnC-config

Completed

7

Stabilize VLA capabilities: Y27, sub-arrays, & fast dumps

Completed

Completed

Array Operations
8

Re-configurations to B config

Completed

9

Re-configurations to BnA and A configs

Completed

10

Re-configuration to D config

Completed

11

Re-configuration to DnC config

Completed

12

Complete evaluation of whether evening and nighttime array
operations can be moved to Socorro

Completed
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Milestone

Final Status

Explanation of the Schedule
Variances

VLA Prototype ACU
13

Critical Design Review of ACU prior to 2nd installation
nd

Completed

14

Install 2 ACU

Completed

15

Scientific evaluation of ACU performance

Delayed

Item re-prioritized due to design issues, and
staff diverted to VLITE. This work has been
rescheduled for Q2 FY15.

16

Install 3rd ACU

Delayed

Design issues need to be addressed before a 3rd
system can be installed. This work has been
rescheduled for Q3 FY15.

VLA Thermal Gap Retrofit
17

Install thermal gap on 3 VLA C-Band receivers.

Completed

18

Install thermal gap on 6 VLA L-Band receivers.

Completed

VLA Card Cage Upgrade
19

Install 48 card cage upgrades for VLA front ends

Completed

VLA 3-Bit Sampler Upgrade
20

Install 3-bit sampler PCB in 2 VLA DTS modules

Completed

21

Present performance analysis to NRAO staff

Completed

VLA API Upgrade
22

Install final 2 API dishes

Completed

23

Incorporate API output into VLA dynamic scheduler

Completed

Capability Enhancements
24

Define and demonstrate new SR and general capabilities for
2014B

Completed

25

Define and demonstrate new SR and general capabilities for
2015A

Completed

Operational Enhancements
26

Improved referenced pointing

Delayed

Key staff diverted to VLITE. This work has been
rescheduled for Q4 FY15.

27

Tipping scans implemented

Delayed

Key staff diverted to VLITE. This work has been
rescheduled for Q3 FY15.

28

Improved switched power calibration

29

Pipeline heuristic development

Completed
Delayed

Needs developments expected in CASA 4.4.

Infrastructure Maintenance and Renewal
30

Overhaul total of 6 antennas

Completed

31

Overhaul total of 6 antennas

Completed

32

Overhaul total of 6 antennas

Completed

33

Overhaul total of 6 antennas

Completed

34

Replace azimuth bearing on one antenna (probably EA21)

35

Replace 2500 ties

36

Replace 3 intersections

Completed

37

Develop proposal for VLA VAX building

Completed

38

Replace VLA Activity Center transformer

Completed

39

Preventive maintenance on 90 VLA site transformers

Completed

Delayed

Staffing issues prevented this from being
completed. This work has been rescheduled for
Q4 FY15.

Completed
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Milestone

Final Status

40

Preventive maintenance on hatch gear

Cancelled

41

Preventive maintenance on hatch gear

Completed

4.3

Very Long Baseline Array (VLBA)

Explanation of the Schedule
Variances
PM on the hatch gear is only needed once a
year, inclusion of this milestone was an error.

Scientific Support for Operations
1

Support the 2014B semester (1 Feb 2014) Call for Proposals

Completed

2

Support the 2015A semester (1 Aug 2014) Call for
Proposals

Completed

3

Complete verification tests of VLBA dual RDBE system

Completed

4

Define and document calibration procedures for VLBA dual
RDBEs

Completed

5

Stabilize VLBA + Y27/GBT operations

Completed

Retirement of VLBA VMEs
6

Design, build, and install VLBA Control Computer Interface
Box in laboratory

7

Test VLBA interface box in VLBA antenna

Completed
Delayed

Box tested in lab, software needed for antenna
testing will be ready in FY15.

Retirement of Legacy Recording System
8

Complete transition of projects using legacy system to DDC

Completed

9

Re-integrate Mark 5A recorders from sites into correlator

Completed

C-Band Receivers
10

Complete construction of spare VLBA C-Band receiver

Completed

11

Upgrade two pre-production VLBA C-Band receivers

Cancelled

Performance of pre-production receivers in the
field meet required specifications.

Capability Enhancements
12

Define and demonstrate new SR and general capabilities for
2014B

Completed

13

Define and demonstrate new SR and general capabilities for
2015A

Completed

Infrastructure Maintenance and Renewal
14

Tiger Team maintenance visit to North Liberty

Completed

15

Tiger Team maintenance visit to Hancock

Completed

4.4

Green Bank Telescope (GBT)
GBT Maintenance

1

Beginning of summer painting

Complete

2

End of summer painting

Complete

3

GBT track inspection will take place, any needed repairs
completed

Complete

Antenna Performance
4

A new pointing model for the GBT will be developed

Complete

GBT Operations
5

A retirement plan for the GBT spectrometer and spectral
processor will be put in place

Delayed

The clean-up activity of documenting and
publishing the retirement plan was not
completed in FY 2104. The work has been
rescheduled to Q1 FY15.
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Milestone

Final Status

Explanation of the Schedule
Variances

OBSERVATORY DEVELOPMENT PROGRAMS
5.1

CDL Development
Phased Array Feeds

1

Design improved low-noise amplifier with lower noise and
improved reliability

Completed

2

Design balanced low-noise amplifier for PAF integration

Cancelled

The effort did not conform well with the need
to work collaboratively with the recentlyfunded Beamformer enhanced digitial backend
project.

3

Complete study on cryogenic efficiency, new window and IR
filter materials, and modular cryogenic architectures for
large PAFs

Cancelled

The effort did conform well with the need to
work collaboratively with the Beamformer
enhanced digital backend project.

4

Demonstrate single L-Band prototype integrated
downconverter digital photonic link

Completed

5

Integrate and test digital downconverter photonic links on
existing PAF

Ongoing

6

Demonstrate single-FPGA narrowband beamformer
prototype

Cancelled

7

Demonstrate three-FPGA intermediate-bandwidth
beamformer prototype

Delayed

8

Demonstrate and verify PAF optimization algorithm with
impedance matching network and feed geometry as input

Completed

9

Complete design study on optimum wideband antenna
elements for a PAF

Cancelled

10

Implement version control and document existing PAF
software

Completed

11

Demonstrate new release of PAF software with improved
user interface and real-time analysis capability

Completed

Completion now planned for FY15. This work
was impacted by lack of engineering resources
and some delay in completing the single blade
lab prototype of the downconverter .
Due to the unplanned departure of the BYU
grad student assigned to the work; the student
was not replaced by BYU.
Took on part of the work, Digital-photonic
receiver and Roach2 backend development.
This work has begun and is rescheduled for Q4
FY15.

Decision was made to focus on modeling and
instrumentation.

Advanced Receiver Technologies
12

Test triangular Digital OMT (DOMT) on the sky

Cancelled

A plan to complete the measurements indoors
using a liquid nitrogen cold bath was
implemented instead.

Delayed

Multiple critical CDL activities, including this
FPGA development, are resourced by a single
engineer. We are attempting to mitigate
impacts by sharing the load with other
electronic engineers where possible. This work
has been rescheduled for Q3 FY15.

13

Demonstrate polarization isolation of DOMT using FPGA

14

Measure W-Band phase stability of the LO distribution
network

Completed

15

Demonstrate printed circuit flexible thermal transition with
low loss up to 40 GHz

Completed

16

Build multi-channel digital back end for testing of digital
photonic links

Completed

5.2

ALMA Development
Band 5 Local Oscillator

1

Unit production; WCA No. 04 - 05

Completed

2

Unit production; WCA No. 06 - 20

Completed
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Milestone

Final Status

3

Unit production; WCA No. 21 - 50

Completed

4

Unit production; WCA No. 51 - 75

Completed

5.3

Explanation of the Schedule
Variances

GBT Developments

1

ARGUS Cryostat Complete

Complete

2

ARGUS Module delivery complete

Delayed

3

ARGUS IF/LO complete

Delayed

4

ARGUS Warm electronics complete

Complete

5

ARGUS Feeds complete

Complete

6

MUSTANG 1.5 Science commissioning begins

Delayed

7

MUSTANG 1.5 project complete

Delayed

Module delivery and IF/LO delivery anticipated
to be complete in Q1, FY15. The delay is
accounted for by a delay in deliverables of the
cryostat from the University of Miami to
Stanford, the modules delivered by Caltech
(FY14 Q3), and the IF/LO to be complete by
Stanford (FY14 Q3).

UPenn deliverables are planned to be sent to
Green Bank for integration on the GBT in
November/December 2014. Both milestones
are anticipated for completion in Q1 FY15.

OBSERVATORY-WIDE SERVICES
6.1
1

Central Development Lab
Complete repairs of VLA L-Band LNAs

Completed

2

Complete production of eight spare Band 6 SIS mixers

Delayed

During Band 6 production, the ALMA project
accepted waivers for some Band 6 mixers when
full-band gain slope was worse that specs, but
during operation phase, the waivers are
processed too slowly to be useful for repairs.
New target date is Q2 FY15.

3

Demonstrate 4-12 GHz balanced IF LNA with low power
dissipation

Ongoing

Vendor delay + over commitment of personnel
have slowed this effort. We have requested a
one-year time extension for this work.

4

Demonstrate balanced 2SB SIS mixer with 4-12 GHz IF that
exceeds noise performance of current Band 6 mixer

Ongoing

Delayed by loss of personnel. We have
requested a one-year time extension for this
work.

5

Demonstrate Nb/Al-AlN/NbTiN SIS mixer with low noise
up to 900 GHz

Ongoing

Foundry delays at UVML + loss of personnel.
We have requested a one-year time extension
for this work.

6

Demonstrate low-loss hybrid for 800-950 GHz

Cancelled

Delayed by loss of personnel. We have
requested a one-year time extension for this
work.

7

Complete design of reflective Band 2 optics

Completed

8

Build and measure Band 2 feed

9

Produce prototype data acquisition upgrade for PAPER

Completed

10

Characterize beam pattern of MWA tiles and PAPER
antennas using ORBCOMM satellite

Completed

11

Deploy upgraded low-frequency antenna on Green Bank
solar radio burst monitor

Completed

12

Deploy improved data acquisition system on Green Bank
solar radio burst monitor

Completed

13

Deploy DARE engineering prototype in Green Bank

Completed

Delayed

Delayed due to late start of NSF funding and
ALMA project approval process. New target
date is Q2 FY15.
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Milestone
6.2

Final Status

Explanation of the Schedule
Variances

Data Management & Software
Software Development
Archive Access Tool

1

Develop initial design of ALMA Archive Tool

Completed

2

Develop ALMA Archive Tool prototype

Completed

CASA Pipeline
3

Develop CASA pipeline for ALMA Cycle 1 Early Science

Completed

4

Integrate VLA Scripted Pipeline

Completed

5

Develop CASA pipeline for ALMA Cycle 2 Early Science

Completed

6

Release CASA version 4.2

Completed

7

Release CASA version 4.3

Delayed

8

Develop CASA version 4.4

Completed

9

Develop CASA VO support

Completed

CASA
Due to packaging and release problems at the
end of the CASA 4.2 cycle. Scheduled to be
released in Q1 FY15.

Observing Preparation Tool
10

Implement OPT updates for Semester 2014A VLA observing

Completed

11

Implement OPT updates for Semester 2014B VLA observing

Completed

Proposal Handling Tool
12

Implement PHT updates for Semester 2014A TAC meeting

Completed

13

Implement PHT updates for Semester 2014B TAC meeting

Completed

Proposal Submission Tool
14

Implement PST updates for Semester 2014B Call for
Proposals

Completed

15

Implement PST updates for Semester 2015A Call for
Proposals

Completed

Reprocessing
16

Complete Reprocessing interface

Completed

ALMA Systems Software
System Software Updates, Bundle 1
17

Deploy Dynamic Scheduling software

Completed

18

Deploy Quick-look improvements software

Completed

19

Incorporate TelCal calibrations in scan sequences

Completed

System Software Updates, Bundle 2
20

Implement correlator improvements

Delayed

Technical issues and reduction in available
testing time have delayed delivery on the POP
timing, but the capability remains on schedule
for inclusion for Cycle3 delivery.

VLBI Modifications
21

Deploy ALMA phasing project correlator software

Completed

VLA/VLBA System
22

Deploy software to support Semester 2013B observing

Completed

23

Deploy software to support Semester 2014A commissioning

Completed

24

Deploy software to support Semester 2014A observing

Completed
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Milestone

Final Status

25

Deploy software to support Semester 2014B commissioning

Completed

26

Deploy hardware & software to support Full On-The-Fly
Mosaics for VLA Resident Shared Risk Observing use

Completed

27

Conduct observations with new, non-VME hardware

28

Demonstrate quasi-real time spacecraft tracking

Completed

29

Demonstrate wideband observing stabilization

Completed

Delayed

Explanation of the Schedule
Variances

The low-level software needed was developed,
tested in the lab, but has not yet been deployed
and testing on an antenna. This is work has
been rescheduled in 3Q FY15.

GBT System
WVSys-Archive
30

GBT Data in NRAO Archive

Completed

31

Core infrastructure changes complete

Completed

32

M&C system modified to use new infrastructure

Completed

WVSys - M&C

33

Deliver Astrid modifications & commission on-site

Cancelled

Higher priority work (e.g. WFO) diverted
resources from data streaming. Other efforts
judged to be more impactful and higher priority
by GB management at this time.

GBTPP - Pipeline
34

Deliver GBT imaging capability in CASA

Completed

35

VEGAS supports highest data rates

Completed

36

Complete GBT Pipeline parallelization

Delayed

Delays due to VEGAS commissioning and
shared-risk observing support, resource
constraints, and delay of related streaming.
This work has been rescheduled for Q1 FY15.

Scientific Information Services
Archive & Cluster
37

Draft computer access policy for external users

Completed

38

Enable early access to cluster resources

Completed

XSEDE/Cloud
39

Install Grid/Cloud Middleware

Completed

40

Prototype access available to non-NRAO computing cycles

Completed

Network Performance
41

Enable improved monitoring of Internet 2 links

Completed

42

Release remote link test procedures to users

Completed

43

Complete cluster performance characterization

Cluster Performance
Completed

Co-location at UVa
44

Install 10 Gigabit/s link to UVa Data Center

Completed

45

Install storage at UVa

Completed

46

Install 10 Gigabit network hardware

Completed

47

GB link go-live

Completed

48

Condition access to PSC Data Supercell

Completed

Green Bank data
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Milestone

Final Status

Explanation of the Schedule
Variances

DMSD Administration
49

Complete Data Management & Services Department
formation

Completed

50

Organize and hold a Data Management & Services Review

Cancelled

Delayed due to resource constraints and other
higher priorities. Cancelled for FY14.

Delayed

Behind schedule due to conflicting priorities
associated with the loss of a key temporary staff
member prior to the expected date of
departure. The finalization of the SOP has been
rescheduled for Q1 FY15.

6.3

Program Management Department

1

PMD SOP Development complete

2

Audit complete – proposal development

Completed

3

Audit complete – project management

Completed

4

Audit complete – Documentation

Completed

5

Audit complete – Analytics and Decision Support

Completed

6

PMD F2F complete

Completed

6.4

Education and Public Outreach
News & Public Information

1

Specify, Develop, and Review Design NRAO Homepage

Completed

2

Program, implement design, test, correct, migrate Homepage
to live server

Completed

3

Archive and houseclean deprecated web content

Completed

4

NRAO lobby display: Define and specify project. Design
digital signage display

Cancelled

Cancelled by NRAO Director for FY14.

5

NRAO lobby display: Programming and graphical
implementation

Cancelled

Cancelled by NRAO Director for FY14.

6

NRAO lobby display: Procure digital signage software
system, program digital signage display, publish to network

Cancelled

Cancelled by NRAO Director for FY14.

7

Milky Way Explorer for public website: Design and specify
project. Develop design

Completed

8

Milky Way Explorer for public website: Produce scripts,
narrations, graphics, videos, program and implement

Completed

STEM Education
9

Conduct online course for first cohort of Skynet Jr. Scholars
educators

Completed

10

Skynet science and education workshop II

Completed

11

Educational Module Set II Development workshop

Completed

12

Conduct Governor’s School Program in GB

Completed

13

Review existing inventory of assets and annotate in
accordance with appropriate STEM-related teaching
standards

Cancelled

The AUI resource for this activity did not
become available during FY14. This activity will
be reinstated if the resource becomes available.

14

Create thematic STEM assets database/catalog/clusters and
publish to NRAO public website

Cancelled

The AUI resource for this activity did not
become available during FY14. This activity will
be reinstated if the resource becomes available.

6.5

Administration
Business Services

1

Succession planning documentation for OAS divisions

Completed

NRAO | FY14 Annual Progress Report

78

Milestone

Final Status

Explanation of the Schedule
Variances

CAP
2

Create a process to label controlled items as “ITAR
Controlled” or “EAR Controlled”

Completed

3

Develop on-line Export Compliance training

Completed

4

Develop labeling for “ITAR Controlled” and “EAR
Controlled” shipments

Completed

5

Develop Grants Lifecycle training program

Cancelled

CAP was not able to start this project this fiscal
year while focusing on other initiatives. This
milestone was cancelled for FY14 and may be
carried over for FY15.

ES&S
6

Develop a comprehensive safety training plan

Completed

7

Develop a safety work order system

Completed

8

Develop a security policy

Completed

MIS
9

Implementation of new cost allocation system

Completed

10

Upgrade of J.D. Edwards to tools release 9.1.3

Completed

11

Investigation and implementation of automated Personnel
Evaluation Process

Completed

TTO

12

Form at least one Cooperative Research Agreement with
industry

6.6

Human Resources

Delayed

Delayed due to not enough staff time.
Transferred to CDL leadership and they are
proceeding with contract negotiations with one
company. The work has been rescheduled for
Q4 FY15.

Compensation
1
2

Complete the FY13 performance review process on time
using a new performance software system
Provide managers with the information and guidance to
complete the FY14 Salary Review Process

Completed
Completed

Policy
3

Complete update and consolidation of NRAO HR policies

Completed

Training
4

Develop new management training courses

Completed

Employment
5
6.7

Review the feasibility of replacing the existing applicant
tracking system (PeopleAdmin) thru the use of an add-on
tracking module to the performance management system

Completed

Diversity
Communication

1

Clarify and communicate the Diversity Mission

Completed

New Initiatives
2

Develop action plan for Diversity Review Panel report

Completed

Training
3

Continue diversity training – cultural workplace topics,
gender, ADA, Veterans, etc

Completed
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Milestone

Final Status

Explanation of the Schedule
Variances

International Outreach
4

5

Continue to build International relationships to create
pipeline for next generation of scientists and engineers.
Investigate alternative funding streams to sustain
partnerships
Domestic Outreach
Continue domestic outreach partnerships to maintain
pipeline. Partner with EPO and SSR to maximize existing
programs and funding
Employment

Completed

Completed

6.8

Implement recruitment guide and provide training that
focuses on diversity focus
Computing & Information Services

1

Installation of staff Helpdesk solution

Completed

2

Standardization of platform patch solutions

Completed

3

Evaluate Open Source NAS

Completed

4

Installation of 10Gbps network equipment

Completed

5

Retirement of legacy LDAP

Completed

6

Evaluation of interactive Web collaboration tool

Completed

7

Installation and training for collaboration tool

Completed

8

Evaluation of Bro tool

Completed

9

Update to staff security training curriculum

Completed

10

Specification and installation of ER generator

Completed

11

Installation of archive servers in UVa Data Center

Completed

6

12

Prox-card solution for Socorro doors

6.9

Director’s Office

Completed

Delayed

Bid award delayed due to increase in scope to
include the DSOC computer room, in addition
to the Engineering areas and exterior doors.
Funds committed in FY14 on a fixed price
contract, with installation in Q1 FY15.

Delayed

Director’s review delayed by higher priority
items. The report is due to be published in
Q1 FY15.

Communication
1

Publish NRAO 2013 Annual Report

2

Complete NRAO exhibit re-design for January 2014
American Astronomical Society meeting

Complete

3

Submit science symposium proposal(s) for 2015 American
Association for the Advancement of Science Annual Meeting

Complete
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* Excludes open commitments

Other Revenues

NSF AST New Funds & Carryover

Internal Development Programs
Observatory Program Income
Program Income

Telescope Operations
Maintenance
Operations
Spectrum Management
Infrastructure Mods & Upgrades
Management
Development Programs
Business Development
Technology Development
R&D Support
Software Development
Management
Science Operations
Observatory Time Allocation
Reference
Broader Impacts
Scientific Staff
Scientific User Services
Management
Administrative Services
Business Services
Facilities
Auxiliaries
Management
NRAO Overhead
Director's Office
Program Management
Public Outreach
Communications
AUI Fee and IDC
EVLA Construction

(000's)

NET

Total

6,334

49,165

42,831

24,014
2,334
4,566
870
16,244
5,445
5,283
162
5,864
55
773
529
3,935
572
4,556
1,062
3,494
2,952
721
242
1,989

March

POP Budget,

12,244

47,025

34,781

18,893
2,180
16,189
400
124
4,136
2,995
559
475
106
5,107
43
16
257
525
3,793
474
4,054
1,068
2,985
2,591
664
149
1,778
-

YTD Expense

ALMA Operations

(626)

2,344

42,464

45,434

750

18,013
6,928
6,574
15
968
3,527
2,248
1,553
388
128
179
5,152
59
120
726
753
3,494
15,834
473
4,114
76
486
10,685
3,308
770
198
2,340
129

March

Budget,

4,069

1,296

44,688

(1,567)
41,915

869

17,546
7,147
5,231
19
1,584
3,566
2,610
10
2,092
315
114
80
5,998
377
64
780
858
3,862
58
13,110
406
4,082
123
118
8,381
3,220
(5)
768
167
2,290
129

YTD Expense

NRAO Operations
POP

(2,645)

2,787

-

2,645

519
4
515
989
704
285
1,943
89
496
1,358
(2,466)
7,273
3,930
541
(14,210)
1,660
1,534
126
-

March

POP Budget,

(296)

2,994

-

296

-

399
4
395
774
508
266
1,721
419
95
1,207
(3,792)
7,079
3,876
525
(15,272)
1,194
1,090
105
-

YTD Expense

Internal Common Costs

719

5,131

91,629

750
90,910

42,546
9,262
11,144
530
1,838
19,771
8,682
704
6,836
388
128
626
12,959
148
671
1,499
1,282
7,429
1,930
17,924
8,808
8,044
76
1,027
(31)
7,920
1,534
1,491
566
4,329
129

March

POP Budget,

14,721

4,290

91,713

869
(1,567)
76,992

36,838
9,327
21,425
413
1,984
3,690
7,520
508
5,087
874
589
266
12,826
420
499
1,132
1,383
7,655
1,739
13,372
8,553
7,958
123
643
(3,906)
7,005
1,749
917
2,049
2,290
129

YTD Expense

Comments

88.4% Admin effort charged to other activities.

74.6% Underspends resulted in ICC underspend, also
over‐reserve of ICC.

99.0% TAC required more effort than budgeted.
Additional effort allocated to Software Tools
Testing.

86.6% ALMA development grants lagged schedule, no
spending until Q3. Funds are carried over to
support the projects.

Increased maintenance needs for VLBA. NM
operations savings available for project work.
Note that JAO expenses were budgeted under
"Management" and expensed as "Operations."

(0)

0.7%

years.
-

commitments and planned expenditures in future

Carryover includes allowances for open

100.0% Final EVLA expenditures.
115.9% Overspend on PAF project.

.

Expended %

YTD

Total Operations

APPENDIX B: FINANCIAL PLAN COMPLETION MATRIX
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APPENDIX C: FY2014 ANNUAL OBSERVATORY METRICS
C.1 NRAO Telescope Usage
The following table and charts provide a detailed accounting of the use of the NRAO telescopes –
ALMA, VLA, VLBA, and GBT – for 1 October 2013 through 30 September 2014. The total available
time at each telescope in FY2014 was [365 days * 24 hours/day] = 8,760.0 hours. NRAO telescope time
use is carefully monitored and tracked in the following categories:


Scheduled: Planned hours of observing time for peer-reviewed science proposals.
o Astronomy = Actual hours of observing time for peer-reviewed science proposals.
o Downtime = Hours lost during scheduled observing time peer-reviewed science
proposals.
Scheduled hours = [ Astronomy hours + Downtime hours ]



Maintenance: Actual hours of scheduled service of infrastructure, structure, electronics, and
software.



Test: Actual hours for test observations unrelated to peer-reviewed science proposals.



Unscheduled: Actual idle hours owing to gaps between observing programs that cannot be
scheduled and to inclement weather.



Shutdown: Actual shutdown hours, usually for a holiday or major equipment work, such as
GBT structural painting.

ALMA restarted Cycle 1 science observations in October 2013. Major planned ALMA maintenance was
scheduled and occurred in February 2014. ALMA was reconfigured to long baselines beginning in
September 2014.
The GBT summer (June through August) downtime enabled painting of the telescope structure. The
telescope was shutdown overnight between daytime painting sessions. The total loss of observing time
for GBT structure painting in FY 2104 was consistent with the time required in previous years.
The significant allocation of test time at the VLA supported commissioning tests for new EVLA
capabilities. Major electrical power work occurred at the VLA in June 2014.
VLBA observing hours are steadily increasing year-to-year. VLBA test time in FY2014 supported the
commissioning of the new wideband capabilities.
The US Federal government closure was responsible for the unusual October 2013 shutdown at the
NRAO North American telescopes: VLA, VLBA, and GBT.
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ALMA Observing Hours FY2014
800.0
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GBT Observing Hours FY2014
700.0
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400.0

Astronomy
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Maintenance
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‐
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VLA Observing Hours FY2014
700.0
600.0
Scheduled

500.0
400.0

Astronomy
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Downtime
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VLBA Observing Hours FY2014
700.0
600.0
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400.0

Astronomy

300.0

Downtime

200.0

Maintenance

100.0

Test

‐

Unscheduled
Shutdown
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C.2 NRAO Telescope Usage by Principal Investigator
The following table and charts provide a detailed accounting (hours and percentages) of the FY2014 use
of ALMA, VLA, VLBA, and GBT by: (a) domestic (U.S.) and foreign (non-U.S.) Principal Investigators
(PIs); (b) and by the astronomical community, graduate students, and NRAO staff. Only observing hours
serviced by the North American (NA) Executive are included for ALMA.

ALMA‐NA
GBT
VLA
VLBA

ALMA‐NA
GBT
VLA
VLBA

U.S. PI
Foreign PI
Observing Hours Observing Hours
336.2
54.2
4,777.5
1,148.0
3,730.4
1,975.5
2,955.8
1,722.5

U.S.
86.1%
80.6%
65.4%
63.2%

Foreign
13.9%
19.4%
34.6%
36.8%

ALMA‐NA
GBT
VLA
VLBA

Astronomical
Community
323.2
2,969.0
4,333.9
4,281.0

Graduate
Students
36.9
986.3
659.5
246.6

NRAO
Staff
30.4
1,970.3
712.5
150.6

ALMA‐NA
GBT
VLA
VLBA

Astronomical
Community
82.8%
50.1%
76.0%
91.5%

Graduate
Students
9.4%
16.6%
11.6%
5.3%

NRAO
Staff
7.8%
33.3%
12.5%
3.2%
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C.3 NRAO Telescope Usage by Science Category
The following table and chart provide a detailed accounting of NRAO telescope observing hours at the
VLA, VLBA, and GBT that supported peer-reviewed science in each of the eight science categories
employed by the NRAO proposal evaluation and time allocation process: (1) Active Galactic Nuclei; (2)
Energetic Transients & Pulsars; (3) Extragalactic Structure; (4) High Redshift & Source Surveys; (5)
Interstellar Medium; (6) Normal Galaxies, Groups, & Clusters; (7) Solar System, Stars, Planetary
Systems; and (8) Star Formation.
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C.4 NRAO Telescope Usage by PI Country
The following figure lists the FY2014 observing hours at NRAO telescopes that were allocated to
foreign (non-U.S.) PIs by country. NRAO telescope use by U.S.-based PIs totaled 11,463.73 hours:
4777.5, 3730.42, and 2955.81 hours, respectively, at the GBT, VLA, and VLBA.

DE
AU
GB
CA
MX
NL
JP
CL
ES
IT

Germany
Australia
Great Britain
Canada
Mexico
Netherlands
Japan
Chile
Spain
Italy

RU
CN
TW
FR
IN
SE
AT
ZA
PL
BE

Russia
China
Taiwan
France
India
Sweden
Austria
South Africa
Poland
Belgium

KR
HK
DK
AR
CH
IE
SG
PT
GR
HU
AE

Korea
Hong Kong
Denmark
Argentina
Switzerland
Ireland
Singapore
Portugal
Greece
Hungary
United Arab Emirates
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C.5 Observing Proposals Submitted for NRAO Semesters 2014B and 2015A
The following tables and chart describe the community response to the NRAO Calls for Proposals for
Semesters 2014B and 2015A. The first table lists the distribution of proposed science categories for the
proposals submitted to the GBT, VLA, and VLBA. The second table provides the total number of
Regular and Large proposals submitted to GBT, VLA, VLBA, and the Global 3mm VLBI Array (GMVA).
Sponsored proposal and dissertation proposal numbers for each telescope are listed immediately
underneath this table. Sponsored proposals are allocated observing time outside of the communitybased and peer-reviewed NRAO Time Allocation Process. The final table describes the proposal oversubscription pressure for each telescope and for all NRAO instruments. The chart illustrates the
percentage of 2014B and 2015A proposals that fell in each science category for each telescope and in
total.
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C.6 Volume of Information and Data Served
The following charts illustrate the volume of information and data served to all users from the NRAO
web servers: (1) total data served from all NRAO web servers; (2) total data served from the main
NRAO website (http://www.nrao.edu); (3) total data served from the NRAO science website
(http://science.nrao.edu); (4) total data served from the NRAO ALMA-NA science website
(https://almascience.nrao.edu).
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C.7 Archive Data Retrievals
The following table and three charts describe the data volume and numbers of files retrieved from the
NRAO and ALMA Archive in FY2014. Fully processed science data for ALMA Early Science Cycles 1 & 2
is being delivered directly to ALMA observers. Although GBT data is now available from the archive,
most GBT data retrieval is directly from local storage in Green Bank rather than the Archive. Data being
observed with the VLA using the WIDAR correlator dominates NRAO data retrieval. The recent
increase in VLA data downloaded from the archive is mainly due to the search for Fast Radio Bursts.
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APPENDIX D: ACRONYMS
Acronym
AAAS
AAS
AAT
ACCOR
ACU
AD
AFRL
ALMA
AMBSI
AMC
AMG
ANASAC
AoD
AOS
API
APP
APR
ARC
ARFTG
ASA
ASIAA
ASKAP
ATS
AU
AUI
AUTM
BE
BeSSel
BYU
CAP
CARMA
CASA
CCA
CCE
CDE
CDL
CDR
CfA
CfP
CIS
CLOA
cm
CMOS
COM
CORF
COSPAR
CPDS
CRAL

Definition
American Association for the Advancement of Science
American Astronomical Society
Archive Access Tool
ALMA Construction Completion and Operations Readiness
Antenna Control Unit
Assistant Director
Air Force Research Laboratory
Atacama Large Millimeter/submillimeter Array
ALMA Monitor and Control Bus Standard Interface
Active Multiplier Chain
Antenna Maintenance Group
ALMA North American Science Advisory Committee
Astronomer on Duty
Array Operations Site (ALMA, Chile)
Atmospheric Phase Interferometer
ALMA Phasing Project
Annual Progress Report
ALMA Regional Center
Automatic RF Techniques Group
ALMA Science Archive
Academia Sinica Institute for Astronomy and Astrophysics
Australian Square Kilometre Array Pathfinder
Applicant Tracking System
Astronomical Unit
Associated Universities, Incorporated
Association of University Technology Managers
Back End
Bar and Spiral Structure Legacy Survey
Brigham Young University
Contracts and Procurement
Combined Array for Research in Millimeter-wave Astronomy
Common Astronomy Software Applications
Cold Cartridge Assembly
Common Computing Environments
Community Day Events
Central Development Laboratory
Critical Design Review
Center for Astrophysics
Call for Proposals
Computing and Information Services
Central Local Oscillator Article
Centimeter
Complementary metal–oxide–semiconductor
NRAO Communications Office
Committee on Radio Frequencies
Committee on Space Research
Cartridge Power Distribution System
Cahill Radio Astronomy Laboratory
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Acronym
CRE
CSSC
CV
CVR
DARE
dB
DC
DDC
DDTE
DMS
DOMT
DPS
DSOC
DTS
EAR
ECCN
EOC
EPO
ES&S
ESO
EVLA
FASR
FAST
FCC
FDMC
FE
FEHV
FELO
FEMC
FETIM
FETMS
FITS
FPGA
FRB
FY
F2F
GB
GBSC
GBSE
GBT
GHz
GO
GPS
GUI
HALCA
HBT
HD
HERA
HFET
HPC
HR

Definition
Change request
CASA Scientific Steering Committee
Charlottesville, VA
Central Variable Reference
Dark Ages Radio Explorer
Decibel
District of Columbia
Digital Downconverter
Design, Development, Test and Evaluation
Data Management and Software
Digital Ortho-Mode Transducer
Denver Public Schools
Domenici Science Operations Center
Data Transmission System
Export Administration Regulations
Export Control Classification Number
Extension of Capabilities
Education and Public Outreach
Environment, Safety, and Security
European Southern Observatory
Expanded Very Large Array
Frequency-Agile Solar Radiotelescope
Five hundred meter Aperture Spherical Telescope
Federal Communications Commission
Fiber Distribution Monitor and Control
Front End
Front End Handling Vehicles
Front End Local Oscillator
Front End Monitor and Control
FE Thermal Interlock Modules
FE Test and Measurement Systems
Flexible Image Transport System
Field-programmable Gate Array
Fast Radio Burst
Fiscal Year (1 October through 30 September)
Face to Face
Green Bank, WV
Green Bank Science Center
Green Bank Session Editor
Green Bank Telescope
Gigahertz
General Observing
Global Positioning System
Graphical User Interface
Highly Advanced Laboratory for Communications and Astronomy
Heterojunction Bipolar Transistor
High Definition
Hydrogen Epoch of Reionization Array
Heterojunction Field-Effect Transistor
High Performance Computing
Human Resources
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Acronym
HRIS
HSA
HST
IAU
IEEE
IF
IFP
IPT
IRD
ITAR
ITU-R
IR
IUCAF
JAO
JPL
kpc
km
LBGTQ
LDAP
LLC
LMT
LNA
LO
LORTM
LRU
LS
LSST
M&C
MCB
MCDPLL
MD
MEASURE
MeerKAT
MHz
MIKON
MIS
MIT
MJP
mKIDS
mm
MMIC
MOU
Mpc
MPIfR
MSI
MUX
MWA
Myr
as
Jy

Definition
Human Resource Information System
High Sensitivity Array
Hubble Space Telescope
International Astronomical Union
Institute of Electrical and Electronics Engineers
Intermediate Frequency
IF Processor
Integrated Product Team
Integrated Receiver Development
International Traffic in Arms Regulations
International Telecommunication Union-Radio communications Sector
Infrared
Scientific Committee on Frequency Allocations for Radio Astronomy and Space Science
Joint ALMA Office
Jet Propulsion Laboratory
kiloparsec
kilometer
Lesbian Bi Gay Transgender and Queer
Lightweight Directory Access Protocol
Line Length Corrector
Large Millimeter Telescope
Low Noise Amplifier
Local Oscillator
LO Reference Test Module
Line Replaceable Unit
Laser Synthesizer
Large Synoptic Survey Telescope
Monitor and Control
Monitor and Control bus
Monitor and Control Digital Phase Lock Loop
Maryland
Magnetometers along the Eastern Atlantic Seaboard for Undergraduate Research and
Education
Karoo Array Telescope
Megahertz
International Conference on Microwaves, Radar, and Wireless Communication
Management Information Services
Massachusetts Institute of Technology
Modified J-Pole
microwave kinetic inductance detector
millimeter
Monolithic Millimeter-wave Integrated Circuit
Memorandum of Understanding
megaparsec
Max Planck Institut für Radioastronomie
Minority Serving Institutions
multiplexer
Murchison Wide-field Array
Million years
Micro-arcsecond
microJansky
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Acronym
MUSTANG
NA
NAASC
NAC
NAOJ
NAS
NASA
NASSP
Nb
NGAS
NINE
NM
nm
NIO
NIST
NOVA
NRAO
NRC-HIA
NRL
NRQZ
NSBP
NSF
NSF-AST
NTC
NWNH
OAS
OMT
OPT (OSO)
OPT (ALMA)
OSF
OSO
PA
PAF
PAPER
pc
PEP
PHT
PI
PIC
PING
PMD
POP
PROMPT
PSC (EPO)
PSC (DMS)
PST
Q
QA
QA2
QSU
R&D

Definition
Multiplexed SQUID/TES Array for Ninety Gigahertz
North American
North American ALMA Science Center
National Astronomy Consortium
National Astronomical Observatory of Japan
Network Attached Storage
National Aeronautics and Space Administration
National Astrophysics and Space Science Programme
Niobium
New Generation Archive System
NRAO International and National Exchange Program
New Mexico
nanometer
New Initiatives Office
National Institute of Standards and Technology
Netherlands Research School for Astronomy
National Radio Astronomy Observatory
National Research Council of Canada - Herzberg Institute of Astrophysics
Naval Research Laboratory
National Radio Quiet Zone
National Society of Black Physicists
National Science Foundation
National Science Foundation – Division of Astronomical Sciences
NRAO Technology Center (Charlottesville, VA)
2010 Decadal Survey “New World New Horizons”
Observatory Administrative Services
OrthoMode Transducer
Observation Preparation Tool
Optical Pointing Telescope
Operations Support Facility (ALMA, Chile)
Observatory Science Operations
Product Assurance
Phased Array Feed
Precision Array to Probe the Epoch of Reionization
parsec
Performance Evaluation Process
Proposal Handling Tool
Principle Investigator
Phasing Interface Cards
Physics Inspiring the Next Generation
Program Management Department
Program Operating Plan
Panchromatic Robotic Optical Monitoring and Polarimetry Telescopes
Pulsar Search Collaboratory
Pittsburgh Supercomputing Center
Proposal Submission Tool
Fiscal Quarter
Quality Assurance
Quality Assurance, Level 2 (related to software development)
Quarterly Status Updates
Research and Development
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Acronym
RA
RAL
RDBE
REU
RF
RFI
RFP
RISC
ROACH
RSRO
SAA
SAS
SHAO
SiGe
SIS [Section 6]
SIS [Section 5]
SJS
SNAP
SOS
SPOT
SRBS
SRO
SRP
SQUID
SSR
STEM
SUBTEL
SUS
SZ
TAC
TES
THz
TSG
TTA
TTO
TX
TV
UAz
UCT
UIUC
URSI
U.S.
USML
USNC
UTRGV
UVA
UVML
v
VA
VAC
VAX

Definition
RadioAstron
Rutherford Appleton Laboratory
ROACH Digital Backend
Research Experiences for Undergraduates
Radio Frequency
Radio-Frequency Interference
Request for proposal
RadioAstron International Science Council
Reconfigurable Open Architecture Computing Hardware
Resident Shared Risk Observing
Science and Academic Affairs
Subarray Switch
Shanghai Astronomical Observatory
silicon-germanium
Scientific Information Services
Superconductor–Insulator–Superconductor
Skynet Jr. Scholars
Smart Networked ADC Processor
Student Observing Support
Space Public Outreach Team
Solar Radio Burst Spectrometer
Shared Risk Observing
Science Review Panel
Superconducting Quantum Interference Device
Science Support and Research
Science, Technology, Engineering, and Mathematics
Subsecretaria de Telecomunicaciones (Chile)
Science User Support
Sunyaev-Zel’dovich effect
Time Allocation Committee
Transition Edge Sensor
TeraHertz
Telescope Support Group
Telescope Time Allocation
Technology Transfer Office
Texas
television
University of Arizona
University of Cape Town
University of Illinois, Urbana-Champaign
International Union of Radio Science
United States of America
United States Munitions List
United States National CommitteeUCT
University of Texas Rio Grande Valley
University of Virginia
University of Virginia Microfabrication Laboratory
version
Virginia
Variance At Complete
Virtual Address eXtension
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Acronym
VDI
VEGAS
VLA
VLASS
VLAVC
VLBA
VLBI
VLITE
WCA
WIDAR
WSRT
WV
WVU
XSEDE
YTO
XAO
z

Definition
Virginia Diodes, Inc.
VErsatile GBT Astronomical Spectrometer
Very Large Array
VLA Sky Survey
VLA Visitors Center
Very Long Baseline Array
Very Long Baseline Interferometry
VLA Low Band Ionosphere and Transient Experiment
Warm Cartridge Assembly
Wideband Interferometric Digital ARchitecture
Westerbork Synthesis Radio Telescope
West Virginia
West Virginia University
Extreme Science and Engineering Discovery Environment
YIG Tune Oscillators
Xinjiang Astronomical Observatory
Redshift
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