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1 OVERVIEW
This Fiscal Year 2015 (FY15) Annual Progress Report (APR) summarizes National Radio Astronomy
Observatory (NRAO) progress against the FY15 NRAO Program Operating Plan (POP). NRAO
delivered major new capabilities in FY15 for the science community. Operating synergistically with
optical, infrared, and X-ray telescopes on the ground and in space, NRAO telescopes enabled
astrophysical discovery by the community 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 1.1 provides a representative sample of the numerous FY15 science highlights derived by
scientists from North America and around the world using 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).
Sections 2-4 describe the FY15 activities associated with telescope operations, maintenance, and
renewal at each of the four world-class NRAO telescopes: ALMA, VLA, VLBA, and GBT. Section 5
describes the wide-ranging FY15 technical progress, production activities, and engineering
accomplishments of the Central Development Laboratory (CDL) in Charlottesville, Virginia. Section 6
details the Science Support & 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 7 chronicles
the FY15 activities and accomplishments of the Data Management & Software (DMS) Department,
including the milestones and key tasks supporting Scientific Information Services, System Software, and
Software Development.
Section 8 reports on the FY15 activities and accomplishments of the Program Management Department
(PMD) at NRAO Headquarters and across the Observatory. Section 9 describes the FY15 progress of
the New Initiatives Office (NIO) in facilitating strategic partnerships and collaborations with academic,
government, and non-profit organization, including the expansion of partnerships that support the
scientific operations and unique technical capabilities of the VLBA and GBT.
Section 10 conveys the achievements of the FY15 programs and describes the impacts of the Education
and Public Outreach (EPO) Department, including its broad and increasingly effective portfolio of
Science, Technology, Engineering, and Mathematics (STEM) education programs and a record-setting
year for media releases. Section 11 reports the FY15 activities and achievements of the Computing and
Information Systems (CIS) Division in overseeing and maintaining the Observatory’s operational
information technology and computing support for all NRAO sites.
Section 12 describes the FY15 activities and accomplishments of the Observatory’s Office of Diversity &
Inclusion (ODI), a key new element of the NRAO Director’s Office. NRAO strongly believes that a
diverse staff is critical to achieving our mission and is committed to a diverse and inclusive work place
culture that accepts and appreciates all individuals. Section 13 reviews the FY15 activities of the Human
Resources (HR) Department, including its achievements in improving compensation, performance
management, policy development and administration, training, and development.
Section 14 describes the key FY15 activities and performance of the Communications Office in science
community communication and outreach, and improving internal AUI / NRAO communication. Section
15 details the FY15 activities and accomplishments of the Administration Department, including the
milestones and progress of the Department’s Divisions: Business Services, Contracts and Procurement,
NRAO | Annual Progress Report FY2015
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Environmental, Safety & Security, Management Information Systems, and Technology Transfer Office.
Section 16 reports on the FY15 achievements and activities of the Spectrum Management Office in
representing the astronomy community’s vital interests in radio frequency allocation at the national and
international level. Finally, Section 17 describes the FY15 activities and accomplishments of the NRAO
Director’s Office
Four appendices provide additional information that supports Sections 2 through 16. Appendix A
presents the Major Milestones Completion Matrix. Appendix B is the Financial Plan Completion Matrix.
NRAO performance against key annual metrics in FY15 is illustrated in Appendix C. All acronyms that
appear in this APR are listed and defined in Appendix D.
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1.1

Science Highlights

ALMA has entered routine operation with its full range of baselines, and the Karl G. Jansky Very Large
Array (VLA) has likewise demonstrated the full capability of its new systems. Together, these two new
facilities have realized their order-of-magnitude leap in observational capabilities from 1 GHz up to
1 THz over previous facilities. In parallel, the Robert C. Byrd Green Bank Telescope (GBT) continues to
expand in scope, including wide-field continuum and spectroscopic cameras operating at 20 GHz and 90
GHz, while the VLBA remains the premier instrument on the planet for millarcsecond imaging and submilliarcsecond astrometry. Particularly gratifying in the last year has been the demonstration of the
power of combined observations from the various facilities, such as combined GBT and VLA imaging to
obtain information over an unprecedented range of spatial scales, and comparative studies from
submillimeter through centimeter wavelengths with ALMA, VLA, and GBT.
These facilities are realizing some of the highest priority science identified in NWNH, including precision
cosmological measurements, tests of fundamental physics, and study of astrophysics and chemistry 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. This section briefly highlights a sample
of the exciting science results obtained with NRAO telescopes in FY15. These represent just a snapshot
of the broad, high-impact science programs that the NRAO facilities are enabling the community to
pursue.

Star, Planets, and the Solar System
GBT radar studies of asteroids at 4-meter resolution
Radar remote sensing of the near Earth asteroid 2004 BL86 revealed a spinning asteroid and a
companion moon-like object. With the GBT's newly installed data acquisition equipment, Busch et al.
2015 were able to create images with a resolution as fine as 3.75 meters, revealing distinct surface
features, including ridges, and a rounded asteroid with an equatorial bulge. The asteroid is 300 meters
across; its moon is a mere 70 meters across.

Figure 1.1-1: A montage of GBT and Goldstone radar observations of a near-Earth
asteroid with an associated ‘moon’ (Busch et al. 2015).
NRAO | Annual Progress Report FY2015
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VLA discovers brown dwarf exo-aurora
Using the VLA, Keck, and Palomar, auroral emission has been discovered from the M8.5 brown dwarf
J1835+3259 at a distance of 5.7 pc from the Earth. VLA dynamic spectra show circularly polarized
cyclotron emission 104 times stronger than Jovian auroral emission. The measured magnetic fields are
very strong: B ~ 2000 Gauss. The aurorae are powered by processes originating far out in the
magnetosphere of the star, implying large-scale magnetospheric currents with luminosities far greater
than those seen in our Solar System. The aurora may indicate a strong star-planet interaction,
representing a major factor in driving exo-space weather, thereby dictating exoplanet environments.
Brown dwarfs systems are prime candidates for searches for life, hence, understanding their
interplanetary environment is critical.

Figure 1.1-2: Dynamic VLA spectra of a brown dwarf, indicating auroral emission
(Hallinan et al. 2015, Nature, 523, 568).
VLA and ALMA images of the radio photosphere of Mira
Matthews et al. (2015, ApJ, 808, 36) have measured the radio photospheric sizes of the nearest
symbiotic binary star, Mira AB, at 46, 96, and 230 GHz using ALMA and the VLA. The stellar
photosphere is resolved in the AGB star, with a decreasing size with increasing frequency, as expected
due to opacity. The radio photosphere is found to be flattened by 10-20%. The authors find evidence for
brightness non-uniformities, possibly caused by large-scale convective cells, similar to what has been
previously proposed to explain the surface irregularities on the supergiant Betelgeuse. Mira’s hot
companion, Mira B was detected at all three wavelengths, with a radius for its radio-emitting surface of
13
2 x 10 cm.
ALMA and VLA identify a proto-super star cluster
Super star clusters (SSCs) are considered to be the birth zones of stellar globular clusters, and a key
aspect of star formation in galaxies. Johnson et al. (2015) have used ALMA and the VLA to identify the
6

youngest such system: a 24 pc radius molecular cloud with a molecular gas mass > 5 x 10 M⊙, in the
Antennae merging galaxy system. This proto-SSC has yet to initiate star formation. They conclude that
4
the clouds must be short lived (< 1 Myr), and pressure confined by a medium with 10 times typical
interstellar medium (ISM) pressures.
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Figure 1.1-3: ALMA and VLA images of the molecular gas and thermal continuum emission in the
proto-superstar cluster in the Antennae galaxies (Johnson et al. 2015, ApJ, 806, 35).

Galaxy and Large Scale Structure Formation
GBT and VLA images of Galactic diffuse HI clouds
Diffuse interstellar clouds in the inner Galaxy have been observed at 1 arcminute (~ 2 pc) resolution. By
combining data from the GBT and VLA, these new images are unprecedented in accurately capturing
both the large- and small-scale structure. These are the first images of diffuse neutral H I clouds that
20
may constitute a dominant component of the ISM. Peak H I column densities are ~ 10 cm-1. Cloud
diameters range from 10 and 100 pc, and masses from a hundred to a few thousands M⊙. The clouds
shapes are highly irregular, and some clouds show evidence of two distinct thermal phases as predicted
by thermal equilibrium models of the interstellar medium.

Figure 1.1-4: [ VLA + GBT ] image of Neutral Hydrogen at 1 arcmin resolution (left) and GBT alone (right), of
G22.8+4.3. The main cloud has a mass of 70 Mo and a size of 20 pc (Pidopryhora ea. 2015, ApJS, 219, 16).
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GBT imaging filaments: K-band camera
The L1495-B218 star-forming filament extends in a remarkably linear structure over ~ 3 deg (8 pc) in
Taurus. GBT imaging with the new K-band array reveals the gas distribution via NH3 in unprecedented
detail. The NH3 peaks are associated with FIR peaks, with clump masses ~ 1 to 10 M⊙. Roughly 25% of
the clumps are gravitationally bound, and associated with star formation. The unbound clumps are
mostly pressure confined. The data suggest that a dense core may form as a pressure-confined
structure, evolve to a gravitationally bound core, and collapse to form a protostar.

Figure 1.1-5: [Top] 500 micron dust continuum emission L1495-B218 (Herschel).
[Bottom] GBT map of integrated intensity of NH3 (Seo et al. 2015, ApJ, 805, 185).
VLA: first results from THOR
First results from the VLA large program to study the atomic, molecular, and ionized emission of Giant
Molecular Clouds (GMCs) – The HI, OH, Recombination (THOR) – are presented. The initial results
focus on the neutral hydrogen in the classic GMC, W43. These results show significant optical depth
6

effects: the HI mass derived = 6.6 x 10 M⊙. This mass is a factor of 2.4 larger than previously derived
without inclusion of self-opacity. This result challenges theoretical models of an HI column density
threshold of 10 M⊙ pc-2, at which the formation of molecular hydrogen sets in. The study does not
identify a sharp transition between atomic and molecular hydrogen in W43.

NRAO | Annual Progress Report FY2015

8

Figure 1.1-6: VLA observations the HI (color) and radio continuum from W43
(Bihr et al. 2015, A&A, 580, 112).
ALMA measures a supermassive black hole mass
Onishi et al. (2015, ApJ, 806, 39) have measured the dynamics of HCN and HCO+ in the inner few
hundred parsecs of NGC 1097, a nearby low-ionization nuclear emission-line (LINER) Active Galactic
8

Nuclei (AGN) galaxy. From the gas dynamics, they have determined a black hole mass of 1.4 x 10 M⊙.
The measured supermassive black hole mass (SMBH) is in good agreement with the SMBH mass and
bulge velocity dispersion relationship. The result showcases ALMA’s potential for deriving accurate
SMBH masses, especially for nearby late-type galaxies.

Figure 1.1-7: HCN moment images and position velocity plots for NGC 1097
at ~ 2 arcsec (100 pc) resolution (Onishi et al.).
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ALMA: Unprecedented look at astrochemistry of a starburst
Meier et al. present a 50 pc resolution study of the chemistry of the starburst in NGC253. Over 50
emission lines are seen from over 30 complex molecules from 86-115 GHz. The dramatic variation seen
in the HNCO / SiO line ratio suggests that some of the chemical signatures of shocked gas are being
erased in the presence of dominating central radiation fields (traced by C2H and CN). High-density
molecular gas tracers (including HCN, HCO+, and CN) are detected at the base of the molecular
outflow, driven by the starburst.

Figure 1.1-8: ALMA spectrum and molecular line images of the starburst nucleus of NGC 253
(Meier et al. 2015, ApJ, 801, 63).
VLBA images HI cloud at z = 0.123
The J094221+0623 system (z = 0.123) is a radio AGN associated with a galaxy pair undergoing a major
merger. VLBA observations resolve the radio source into a compact symmetric object with a hotspot
separation of 89 pc. HI absorption is detected towards both the radio lobes, albeit with a strong optical
depth gradient. The strong 21 cm absorption is consistent with it arising from a clumpy circum-nuclear
disc/torus on scales of tens of parsecs.
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Figure 1.1-9: VLBA image at 10 milli-arcsec resolution, and HI 21cm absorption spectra of the two lobes of the
CSO 0942+0623 (Srianand et al. 2015, MNRAS, 451, 917).
ALMA measures the ISM physics and dynamics of the first galaxies: molecular gas
ALMA imaging of CO 5-4 in a strongly lensed star-forming galaxy at z = 3.0 has achieved a source-plane
resolution of just 50 parcsecs! The molecular gas is in a disk of 1.5 kpc radius, with vrot = 320 km/s and
10

Mdyn = 3.5 x 10 M⊙. The disk is Toomre unstable, driving star formation in massive GMCs on scales ~
100 pc. The GMCs do not follow the Galactic disk mass-radius relation, but are consistent with GMCs
4
at the Galactic Center, suggesting an ISM pressure 10 greater than in the Milky Way disk.

Figure 1.1.10: Source plane distribution of dust continuum and CO in SDP81 at z=3.0 with a physical
resolution of 50 pc (Swinbank et al. 2015, ApJL, 806, L17).
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ALMA measures the ISM physics and dynamics of the first galaxies: atomic fine structure lines
The sensitivity of ALMA has opened up a new era in the study of galaxy formation through the use of
the strong atomic fine structure lines coming from the cool ISM, in particular, the [CII] 158 micron line.
This is the strongest emission line from star forming galaxies from the far infrared through the radio,
and is the dominant cooling mechanism for cool interstellar gas. This line redshifts into the ALMA bands
at z > 1. Capak et al. (2015, Nature, 522, 455) and Willott et al. (2015, ApJ, 807, 180), have detected
[CII] in samples of typical star-forming galaxies – star formation rates of about a few to 100 M⊙ per year
– at z = 5.2 to 6.2. This represents a new window on galaxy formation in terms of studying gas dynamics
and dark matter, ISM physics, and determining redshifts for the first galaxies.

Figure 1.1.11: Examples of [CII] 158 micron emission and thermal dust emission from z ~ 5.5 galaxies
(Capak et al. 2015, Nature 522, 455).

Physics, Gravity, and Time Domain
A2256: an astounding plasma laboratory on Megaparsec scales
The VLA has imaged cluster radio emission from kpc to Mpc scales in Abell 2256 at z = 0.0583. This
cluster of galaxies contains perhaps the greatest variety of radio phenomena of any known rich cluster.
The wideband (1-8 GHz) observations have traced the polarization and radio spectrum of the large-scale
structures in unprecedented detail. The authors find clear evidence for an absolutely straight jet on Mpcscales, relativistic particle reacceleration on similar scales, local intergalactic medium (IGM) magnetic
fields, and clear hydrodynamic interaction between the cluster X-ray emitting atmosphere and the largescale radio plasma.

NRAO | Annual Progress Report FY2015

12

Figure 1.1-12: VLA imaging and spectra of the cluster Abell 2256 (Owen et al. 2015, ApJ, 794, 24).
VLBA: A pulsar in orbit around Sgr A*
Bower et al. used the VLBA to determine the proper motion of pulsar J1745-2900 relative to the
Galactic Center. The pulsar has a transverse velocity of 236 ± 11 km/s at a projected separation of
0.097 pc from Sgr A*. The angular broadening with frequency is similar to Sgr A*. The velocity and
position is consistent with a bound orbit originating in the clockwise disk of massive stars orbiting Sgr
A* and a natal velocity kick of < 500 km/s. The team’s results for PSR J1745-2900 support the
hypothesis that Galactic Center pulsars can originate in the inner stellar disk, and deepens the mystery
regarding the small number of detected Galactic Center pulsars to date.

Figure 1.1-13: Position as a function of time for PSR J1745-2900 relative to Sgr A*
(Bower et al. 2015, ApJ 798, 120).
VLBA measures the outer Galaxy
Hachisuka et al. report parallaxes and proper motions of three water maser sources in high-mass starforming regions in the Outer Spiral Arm of the Milky Way. The observations were conducted with the
VLBA as part of Bar and Spiral Structure Legacy Survey (BeSSeL) and double the number of such
measurements in the literature. The Outer Arm has a pitch angle of 14.°9 ± 2.°7 and a Galactocentric
distance of 14.1 ± 0.6 kpc toward the Galactic anti-center. The average motion of these sources toward
NRAO | Annual Progress Report FY2015
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the Galactic Center is 10.7 ± 2.1 km s-1, and there is no sign of a significant fall in the rotation curve out
to 15 kpc from the Galactic Center. The three-dimensional locations of these star-forming regions are
consistent with a Galactic warp of several hundred parsecs from the plane.

Figure 1.1-14: VLBA parallax and proper motion measurements of maser spot in G097.53+0318
in the outer galaxy (Hachisuka et al. 2015, ApJ, 800, 2).
Fast Radio Bursts: first deep limits with the VLA
Law et al. have searched for the enigmatic Fast Radio Bursts (FRBs), with the VLA. FRBs are millisecond
radio bursts identified in single dish observations, but as yet not localized on the sky to any accuracy,
nor associated with any astrophysical object. These sources could originate at cosmological distances,
possibly signifying the death of binary neutron stars, and hence present critical cosmological probes.
However, localization is crucial. The VLA observations demonstrate the ability to perform imaging
searches on timescales of 5 milli-seconds over 166 hours at 1.4GHz, to a depth of 15 mJy, using a
spectral mode of 256 x 1 MHz channels. Thus far, no FRB has been detected, and the limits are
approaching that expected for the areal and temporal density of the sources.

Figure 1.1.15: Limits to the event rate of Fast Radio Bursts from the VLA imaging search (red curve, 95%
confidence). The blue curve shows the expected rate (Law et al. 2015, 807, 16).
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NANOGrav Nine-year Data Limits on the Isotropic Stochastic Gravitational Wave Background
Arzoumanian et al. (2015, in press) have published upper limits on the nanohertz-frequency isotropic
stochastic gravitational wave background (GWB) using the nine-year data release from the North
American Nanohertz Observatory for Gravitational Waves (NANOGrav) collaboration. These
observations use the GBT and Arecibo. They have set upper limits for a GWB from supermassive black
hole binaries under power law, broken power law, and free spectral coefficient GW spectrum models.
The authors place a 95% upper limit on the strain amplitude (at a frequency of yr-1) in the power law
-15

model of Agw < 1.5 x 10 . This limit is approaching the expected signal from the coalescing
supermassive black hole binaries background. The limits on relic gravity waves from inflation constrain
both the Hubble parameter and cosmic string generation during the inflation epoch.

Figure 1.1-16: Strain amplitude versus GW frequency: The solid black and long dashed black lines are the 95%
upper limits from spectral and power-law analyses. The red, blue and green shaded regions are the one-sigma
predictions from the models of the stochastic background from binary SMBHs (NANOGrav collaboration).
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2 NORTH AMERICAN ALMA OPERATIONS
The following sections describe the FY15 accomplishments and contributions of North American (NA)
ALMA, which includes both operations and construction closeout activities. NA ALMA Operations is
the NRAO department that provides North America’s scientific and technical partnership support and
construction contribution to the international ALMA Observatory and supports the NA community in
their use of ALMA. Specifically, NA ALMA ensures that the 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 Joint ALMA
Observatory (JAO) staff and the ALMA international partners. In addition, it supports a long-term
development program for the technical enhancement of ALMA. NA ALMA divisions include the NA
ALMA Construction Office, the NAASC, NA Offsite Technical Support, and NA ALMA Development.

2.1

Science

Following a December 2014 science conference titled Revolution in Astronomy with ALMA: The Third Year,
ALMA issued the Cycle 3 Call for Proposals in April 2015, offering an array of capabilities highlighted by
high resolution in its long baseline configurations. During FY15, 160 ALMA articles were published in
refereed journals. Some ALMA science highlights from FY15 are described below.
ALMA enables a new regime of disk imaging

Figure 2.1-1: An ALMA disk mass for the candidate protoplanetary companion to FW Tau.
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The ALMA data discussed in Kraus et al. 2015 takes disk imaging to a new regime of sensitivity enabling
characterization of fundamental circum-substellar and circum-planetary disk properties. In the M dwarf
binary FW Tau, all of the ~1–3M⊕ disk material in the system associates solely with the faint and more
distant companion, FW Tau C, which may be a brown dwarf or protoplanet. The Paβ and strong Hα
emission suggest that the disk around FW Tau C is still accreting. Furthermore, molecular hydrogen
emission suggests that an outflow is also associated with this disk. The observations suggest that systems
with masses as low as ten times that of the Galilean satellites may form bodies through similar physical
processes to those found in normal stars.
ALMA Reveals the Molecular Medium Fueling the Nearest Nuclear Starburst

Figure 2.1-2: New ALMA data reveal a diffuse envelope of CO gas (shown in red) enveloping active stellar nurseries (yellow)
forming stars furiously in NGC 253 (background: Hubble Space Telescope).

ALMA imaged the star-forming clouds in NGC 253 in Sculptor in many different molecules, revealing
that they are much more massive, ten times denser, and far more turbulent than similar clouds in
normal spiral galaxies (Leroy et al 2015 ApJ, 801, 25L). It is not just the number of stellar nurseries that
sets the throttle for a galaxy to create new stars, but also what kind of stellar nurseries are present.
Because the star-forming clouds in Sculptor pack so much material into such a small space, they are
simply better at forming stars than the clouds in a galaxy like the Milky Way. The central region alone
forms stars at twice the rate of the entire Milky Way galaxy. Starburst galaxies, therefore, show real
physical changes in the star-formation process, not just a one-to-one scaling of star formation with the
available reservoir of material.
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Galaxies at redshifts 5-6 with systematically low dust content and high [C II] emission

Figure 1.1-3: ALMA surveyed galaxies in the one billion year old Universe, finding abundant ionized carbon gas, [C II],
but little dust. Four of those galaxies are highlighted on a background image of the COSMOS field.

ALMA, with its unprecedented sensitivity, detected the faint millimeter “glow” of ionized carbon in the
interstellar atmospheres of nine very distant, very young galaxies seen when the Universe was only 7%
of its current age (Capak et al. 2015). The ALMA data display a kinematic signature from which a mass
of each of these distant galaxies may be inferred. That mass is between 10-100 billion times the mass of
the Sun, which is comparable to the mass of the Milky Way. The galaxies would be expected to show
the signature of many elements agglomerated into ‘dust,’ but that signal was seen in only half the sample.
The conspicuous lack of dust indicates that the young galaxies are in a very immature stage of evolution.
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ALMA sees Einstein Ring in stunning lensed galaxy image

Figure 2.1-4: The sharp ALMA image of the Einstein ring formed by the gravitational lensing of the distant SDP.81 galaxy
(redshift 3.01) by a massive foreground galaxy (not visible in this image).

ALMA’s Long Baseline Campaign produced spectacular images of the distant, gravitationally lensed galaxy
called HATLAS J090311.6+003906, otherwise known as SDP.81, whose redshift was originally first
measured with the GBT. New analyses of these images reveal details never before seen in a galaxy so
remote, including phenomenally massive yet concentrated clumps of star-forming material. Models were
used to infer what the gas clouds in the galaxy looked like without the distortions imposed by the
gravitational lens. Data from several CO spectral lines and from water were used to infer the rotation
curve of the galaxy and the properties of its molecular clouds with 200 pc resolution. The molecular
clouds resemble those in the very central regions of our own Milky Way galaxy in that they are massive
and unstable, collapsing to form stars at an elevated rate. Eight papers have been published in the eight
months since this science verification data was made freely available to the astronomical community.

2.2

Operations

2.2.1 North American ALMA Construction Project Closeout
Scientific Program Order No. 2 officially expired at the conclusion of FY14 on 30 September 2014. As
this deadline approached, there was a major, ongoing technical investigation and several incomplete
work elements. It became apparent that there was insufficient time to correct/complete these tasks
before 30 September. Specifically, there was the Site Development punch list, procurement/delivery of
six general-purpose utility vehicles, and numerous administrative closeout tasks. The North American
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Project Office and pertinent Integrated Product Teams (IPTs) prepared a detailed estimate of the
resources and time required to complete this work scope. It was concluded that there were sufficient
funds to complete the full work scope within the following six months. AUI/NRAO requested and
received a six-month, No-Cost-Extension that commenced 1 October 2014 and concluded 31 March
2015.
Site punch list: The combined effect of a nonconforming switchgear component, in the presence of
the atmospheric conditions and airborne salts found at the Array Operations Site (AOS) in northern
Chile created local conditions inside the switchgears which made them prone to high-voltage, coronal
discharges. The non-conforming component (the buss bar) had a cross-sectional area less than specified.
The consequences of a coronal discharge were damaged buss bar insulation and material erosion of the
buss bar endcaps. This phenomenon did not present itself until after the switchgears had been in service,
and very late in the construction process. At nearly the same time, it was also noted the switchgear
access doors were insufficiently sealed to prevent dust and snow intrusion during high-velocity wind
conditions. The Site Development IPT worked with the JAO Department of Engineering and Rhona, S.A.
(Original Equipment Manufacturer) to replace the damaged buss bars and endcaps, and concurrently
upgrade the door seals.
The last Site activities were the removal of excess construction materials and supplies, and
collection/disposal of all construction debris and trash. Each contractor was responsible for their own
work areas. All NA Site Development punch list items were completed by January 2015.
General purpose utility vehicles: All general purpose utility vehicles – six Dodge RAM 3500 pick-up
trucks – were delivered to the JAO Operations Support Facility (OSF) by January 2015.
Administrative closure: The administrative closeout process began in early summer 2014 with the
final, NRAO / European Southern Observatory (ESO) and NRAO / National Astronomical Observatory
of Japan value balancing of accounts. These two tasks were achieved before the conclusion of FY14. The
remaining closeout tasks were performed during the No-Cost Extension period and the ensuing 90 days
authorized by the NSF. The major closeout tasks were:
a) JAO Final Acceptance of North American deliverables,
b) preparation of a Final Financial Statement,
c) remittance of residual Project funds to the NSF,
d) preparation of an asset capitalization plan,
e) preparation of the NA ALMA Construction Project Final Report, and
f) preparation of a Project Outcomes Report.
Item (a) was completed by the end of Q2 FY15 on 31 March 2015. Items (b) and (d) were completed 30
June 2015, within the allowed ninety days. Preparation of items (e) and (f) were closely coordinated with
the NSF and involved several iterations to reach an agreed narrative of the Project. The Final Report,
Revision 0, item (e), was delivered to the NSF 24 September 2015. The Project Outcomes Report, item
(f), was delivered to the NSF and accepted 29 September 2015. Revision 2 of the Final Report was
delivered to the NSF 2 November 2015. Remittance of residual Project funds will occur upon
acceptance of the Final Report and formal closure of the Scientific Program Order.

2.2.2 North American ALMA Warranty Operations
Three NA ALMA Construction deliverables have unresolved performance issues: the Vertex antennas,
the Front End Handling Vehicles, and the antenna Nutators. Development and implementation of the
associated corrective actions are proceeding in accord with the established ALMA Warranty Policy.
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The ALMA Warranty Policy defines Acceptance of construction deliverables for warranty as occurring
at the earliest of the following events:
 successfully passing Provisional Acceptance on-Site (PAS) or an Acceptance Review, whichever
is applicable to the particular deliverable, or
 the placement of the deliverable into routine use, or
 three months after delivery to the OSF.
In cases where a deliverable was accepted for warranty and that same deliverable also had a nonconformance detected before CY2015, the Executives (ESO, NAOJ, and NRAO) proceeded in
accordance with the following procedure:
1) the Non Conformance Report process shall be initiated by the delivering Executive with intent
to define the root cause;
2) if the root cause is attributable to a design and/or workmanship error, the delivering Executive
shall be responsible for implementation, and cost, of the corrective action(s); or
3) if the root cause is not attributable to a design and/or workmanship error, corrective actions
will follow established ALMA Maintenance principles.
Vertex Antenna Surface Accuracy: NRAO and ALMA have carried out numerous antenna
holography measurements to evaluate antenna surface accuracy under operational conditions during and
after the antenna Site Acceptance Test phase. Measurements have been made for all 25 of the delivered
Vertex antennas. Through the course of conducting several holography-based surface accuracy
investigations, NRAO has observed and reported unexpected thermal antenna behavior showing an
astigmatic surface error pattern.
Past holography measurements have identified those production antennas that exhibit significant
variation in surface accuracy as a function of ambient temperature and solar exposure. Antenna DV06
exhibits the best surface accuracy, and antenna DV09 exhibits the worst surface accuracy. These two
antennas will serve as a basis for quantifying the relationship between surface accuracy and actual
ambient weather conditions. These data will be compared and contrasted with the relationship
predicted by Vertex’s Finite Element Analysis (thermal model). Vertex, the NRAO Antenna IPT, and the
JAO ALMA Department of Engineering (ADE) have prepared, and are implementing a Test Plan that
should lead to a definition of root cause and indicate the appropriate corrective action(s).
The primary purpose of the tests is to check whether the previously observed astigmatic surface error
pattern and the NRAO observed thermal model can be discounted or reproduced under specified
antenna operating conditions. The test campaign is comprised of temperature field measurements (using
arrays of thermo couples) in addition to holography measurements. The main focus of the holography
test measurements is to look at surface error variation under substantial ambient temperature change;
therefore, gravity and wind caused surfaces errors should be vastly suppressed. Holography test
measurements will be conducted under low wind conditions (v ≤ 6.7 m/s) to minimize the influence of
wind-driven, structural deflections. Experience shows that such low wind conditions can be expected in
the time period approximately two hours prior to and after sunrise and sunset. Gravitational loads will
be normalized by using a consistent elevation angle for the holography measurements. The entire test
campaign will be conducted at the AOS and, therefore, only astro-holography measurements will be
made since no tower holography capability exists at the AOS.
Front End Handling Vehicles: The Front End Handling Vehicle (FEHV) project successfully passed a
Delta Critical Design Review in March 2013 and was soon after suspended due to concerns about
affordability. The project resumed in October 2013. This was approximately coincident with the
dissolution of the JAO Product Assurance and Systems Engineering groups, and with a change of the NA
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Project Manager. Consequently, a Manufacturing Readiness Review was never conducted and, in
retrospect, a serious materials-related design flaw went undetected and was propagated into
production.
All four of the FEHVs incorporated welded structures that were fabricated from an aluminum alloy (Al
7075 T6) with poor weldability. The first FEHV successfully passed a Field Trial at the OSF that was
conducted by JAO and NA Site IPT personnel. Subsequent inspections revealed serious flaws (cracks) in
the welded structures. Among the four FEHVs, there were ~150 non-conformances and deficiencies.
These were organized into four categories; (a) weld defects, (b) oil leaks, (c) cable and tube runs
(potential fretting problems), and (d) safety (primarily the guarding of the chain drive).
Insufficient time remained to investigate these defects and deficiencies, develop corrective actions, and
rework the four FEHVs, before the expiration of the No Cost Extension. Therefore, the JAO agreed to
Conditionally Accept the FEHVs ‘As-Is’ and initiate a warranty claim. The JAO and NA ALMA
Operations further agreed that a Materials Review Board would evaluate the proposed corrective
actions and authorize their implementation. A Delta Critical Design Review and Manufacturing
Readiness Review will be convened during Q1 FY16.
Nutators: Five antenna Nutators were delivered to the JAO: four operational units and one spare unit.
One unit has a defective RF coating on its reflecting surface and the RF coating integrity of the other
four units is suspect. Definition of root cause and a development of a corrective action are under
investigation. Two subcontractors were involved in the production of the Nutators. Assignment of
liability is undetermined at this time.

2.2.3 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.
Management
Members from the ALMA Operations management team participated in the ALMA Board requested
operations review in Q2 FY15. The NA ALMA management team helped in the composition of nearly
two dozen documents that will be organized into the next ALMA Operations Plan. ALMA is currently
following ALMA Operations Plan version D that is nearly nine years old. John Hibbard stepped down as
the NA ARC Manager after ten (10) years of dedicated service, and Anthony Remijan was selected as
the new NA ARC Manager starting in Q1 FY16.
NA Telescope Support Group
The NAASC Telescope Support Group (TSG) provides support for JAO operations, both from NA and
through temporary deployments to Chile. These include long- and mid-term deployments to assist with
the Extension and Optimization of Capabilities (EOC) team, as well as short-term deployments such as
Astronomer on Duty (AoD) shifts. In FY15, this amounted to 32.5 person-months of support. This
included two full-time staff on re-deployment to EOC (including as EOC lead), six NRAO domain
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experts (NAASC staff and Jansky Fellows) on temporary deployments to Chile ranging from two weeks
to two months in support of the Long Baseline, High Frequency, and Polarization Campaigns. This work
culminated in the publication of four ApJ Letters on the Long Baseline Campaign, three of which were
lead by NAASC staff. The JAO support also includes 11 AoD and 5 EoC shifts (or “turnos”). National
Research Council (NRC) staff contributed to these shifts; their time contribution is in addition to that
given above.
Additional JAO operations support was provided to 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. NAASC staff members participated in the annual “ObsMode” planning meeting
in preparation for Cycle 4 observations. NAASC staff supported the testing of all Cycle 3 proposal enduser software subsystems – Observing Tool (OT), Project Tracker, ALMA Proposal Review Committee
(APRC) tool – and in the validation and initial end-to-end testing of the Cycle 3 online control software
including the new capability of subarrays. Finally, three NAASC and NRC staff supported the ALMA
Cycle 3 review process as Technical Assessors and as Technical Secretary for the panel meetings held in
June in Tokyo, Japan.
The team also provided testing and science input into the heuristics for the calibration pipeline, and into
the science requirements for the first instantiation of the imaging pipeline. Thanks largely to these
efforts, the initial production deployment of the calibration pipeline took place in Q1, and by the end of
the fiscal year the calibration pipeline handled ~65% of the total data reduction, exceeding the goal of
~50% in the Program Operating Plan (POP). This was aided by the inclusion of additional low signal-tonoise heuristic contributed by NAASC experts. By the end of FY15 the first imaging pipeline candidate
was ready for science assessment, which will be led by NAASC staff. NAASC staff continues to
contribute to the international pipeline working group on refining the heuristics for calibration and
imaging. The NAASC staff provided most of the support for the “QA2 script generator,” a critical
assessment tool for the manual reduction effort.
Finally, NAASC and NRC staff supported the start of Cycle 3 observations by attending a training camp
in Chile and preparing the Phase 2 Scheduling Blocks for all the highest-ranked, long-baseline proposals.
The scheduling blocks were prepared for C36-8 (10 km array) and C36-7 (5 km array) in advance of the
start of Cycle 3 PI Science that is planned to begin 13 October 2015.
NA User Support Group
The NAASC User Support Group is responsible for direct support of the NA ALMA user community
(ALMA-specific support). Contact Scientists continued to support active Cycle 1 and 2 ALMA projects
(including Fillers), notifying PIs of significant news or schedule changes, keeping them informed on their
project status, answering questions on observing strategies and data products, and assisting with data
reduction and analysis for visiting PI teams. The NAASC supported 21 data reduction visits in FY15.
User support activities also included support of the Cycle 3 Call for Proposals (CfP) – issued in March
2015 with a 23 April 2015 deadline – such as the generation of the Cycle 3 CfP documentation including
the ALMA Early Science Primer (led by NRC), Proposer’s Guide & Capabilities, User’s Policies, “Learn
More”, and the Technical Handbook. The NAASC sponsored five community training events reaching
149 people from the host institutions and surrounding universities. An additional three ALMA data
reduction events and summer schools were held after the Cycle 3 proposal deadline hosted in
Charlottesville, Green Bank, and Penticton, British Columbia, reaching 73 scientists.
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During the Cycle 3 proposal season, the NAASC supported 119 helpdesk tickets and created 31
knowledgebase articles. For the year, the NAASC answered 451 tickets and created 47 knowledgebase
articles. NAASC Data Analysts (DAs) handled 41 tickets during the CfP and 224 across the entire Fiscal
Year. The NAASC provided the NA community with continuous helpdesk coverage in the 36 hours
leading up to the proposal deadline. Cycle 3 was very successful, with 1578 unique proposals estimated
to require 8854 hours of 12-m Array time. The fraction of proposals from NA remained at a steady
29%, similar to Cycle 2. The NAASC has assigned Contact Scientists to 243 NA-supported Cycle 3
projects, and continued Contact Scientist support of Cycle 2 carryover projects.
As in FY14, the main user support activity in FY15 was data reduction, imaging, and Quality Assessment
of completed observations. The NAASC met its goal of assigning the significant backlog of Cycle 1 and 2
datasets in time for the Cycle 3 Call for Proposals (see Figure 1). Given the increasing demand on the
NA ARC for data reduction, the NAASC responded by hiring new DAs and short-term Data Scientists
(DS) to handle the increased workload. Four new DAs and two DSs were brought on staff to
accommodate the increased workload. As described in the POP, the DAs have been trained to take
over the more standard support tasks so that the scientific staff have more time for participating in
EOC, developing pipeline heuristics and non-standard data reduction procedures, etc. As such, DAs
participated in telescope support duties such as AoD shifts and are the first responders on the ALMA
helpdesk including questions on proposal preparation and planning, archive and data retrieval and CASA
data reduction and analysis support.

Figure 2.2-1: NAASC Data Reduction & Delivery progress for FY15. The flat periods represent the Long Baseline Campaign
(Oct-Dec 2014) and the annual maintenance period (Feb 2015). The convergence of the completed (red) and assigned
(green) curves show the increased effort that was brought to bear in Q2 to maximize the ALMA data in the hands of NA PIs
prior to the Cycle 3 proposal deadline. The curves diverge thereafter, but started converging again near the end of the FY as
the effort from the additional DA and DS hires was brought to bear.

In FY15, NA evaluated 374 completed datasets (52 Cycle 1 and 322 Cycle 2) and delivered 383 datasets
to NA-supported PIs (61 Cycle 1 and 323 Cycle 2). On average there are ~12 NAASC staff (including
DAs) reducing data each week, though there have been extended periods when all available NAASC
staff were pulled into service (peak of 22 during the lead-up to the Cycle 3 CfP).
The NAASC helped generate the international ALMA Users Survey that was distributed to all registered
ALMA users. A total of 536 users responded to the survey, representing 15% of the users sent the
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questionnaire, including 44% of Cycle 3 PIs. The results from the questionnaire will be used to prepare
for the Cycle 4 CfP.
Science User Support
NA ALMA Ops supported the following programs for students and scientific professionals in FY15.







2.3

Student Observing Support (SOS) Program, funded by NA ALMA and managed by SSR. A
supplemental call was issued in FY15. A total of 61 applications requesting $1,670,614 USD were
received from NA graduate and undergraduate students associated with successful ALMA
Cycle 2 Early Science observing proposals. Twenty-six awards were made, amounting to
$729,378 USD.
Data Reduction Visitor Support. The NAASC provided travel and expert science support for 20
Data Reduction visitors.
Sabbatical Visitors. The NAASC provided partial support for one sabbatical visitor in FY15
(S. Terebey, Cal. State Los Angeles). She worked with NAASC data reduction and archive
experts on the ALMA Data Mining Toolkit (ADMIT) development project.
Four Reber pre-doctoral Fellows funded by the NA ALMA and managed by SSR.

Development

The North American ALMA partnership typically funds conceptual studies (hereafter simply
“Studies”) every year. Prototype / pre-production and rate production initiatives (hereafter simply
“Projects”) are typically funded every two years. Different albeit similar processes govern calls,
proposal evaluation, and the award of Studies and Projects. Ongoing Studies and Projects are
described in the following sections.

2.3.1 ALMA Development Studies
The 2016 ALMA Development Studies have been selected and are awaiting approval from NSF to
proceed.
The following ALMA Studies were initiated in January 2014 and were provided one-year, no-cost
extensions. Final reports are due in January 2016.




2nd Generation Band 6 Receiver (NRAO)
2nd Generation Band 10 Receiver (NRAO)
Advanced Solar Observing (NRAO)

All completed study reports were published in the ALMA Memo Series. These reports were
incorporated into the document Pathways to Developing ALMA, a report of the ALMA Development
Working Group containing contributions from all ALMA partners.
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2.3.2 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 was to provide a fiber optic communications link from the ALMA
Site to Santiago, Chile, which involved laying new fiber over a stretch of 146 km from Calama to
the AOS. The project is complete and the system is fully functional. Permits to allow full
operation have not yet been received from Bienes Nacionales (BBNN) in Chile.



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 and
accepted. The software and firmware were successfully tested. The NRAO responsibilities for
this project were completed 30 August 2015, and the project is in the process of closure.



ALMA Band 5 Local Oscillator (Project: 2013 – 2015)
All production units have been built, tested, and delivered. This project closed 30 September
2015.

The following ALMA Development Projects were initiated in FY14.


ALMA Data Mining Toolkit (Project: 2014 – 2016)
The University of Maryland is working to create an ALMA Data Mining Toolkit, a value-added
software package that 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. This is an ALMA Development contract to University of
Maryland. The project is on schedule with Milestone 4 successfully achieved. The deliverables
for Milestone 4 were to produce the Full Basic Data Product for greater than 90% of projects,
to complete overlap of Integral and Descriptor Vector tools, and to deliver the field-tested
Users Guide.



Band 3 Magnet and Heater (Project: 2014 – 2016)
NRC - Herzberg was to produce deflux heaters and permanent magnets to be installed in the
Band 3 cold cartridge to reduce the azimuth-dependent total power variations observed in the
ALMA antennas. Follow many variations of permanent magnet testing, it was agreed by all
stakeholders that the addition of permanent magnets resulted in an unpredictable and often
negative effect on the performance of the cartridges. As a result, the goal of adding permanent
magnets to reduce total power variations was abandoned. It was also decided to proceed with
the design of a heater circuit that would not render the line replaceable units, the interfaces and
the control software for Band 3 unique. The design effort is complete and a change request to
gain acceptance of the design is in progress.



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 data visualization is
mediated via the ALMA science portal, and the computation required for visualizing the data
takes place on dedicated servers using optimized software. This project is on schedule with the
integration work with the ALMA archive team already in progress. The team has deployed
NRAO | Annual Progress Report FY2015

26

Continuous Integration service allowing automatic test and building and open sourced the code
repository as well as deployed a debug server for general commentary.
NRAO ALMA Development projects include the following.


Band-2 Prototype Cartridge (Project: 2014 – 2016)
The NRAO is working on the development of a Band-2 Cartridge Prototype. All components
needed for integrated receiver testing in the final configuration are in hand. Integrated receiver
testing is planned for mid-November.



Central LO Expansion to 5 Sub-arrays (Project: 2014 – 2016)
The NRAO is working to equip the JAO with an additional complete Photonic Local Oscillator
(LO) sub-array, identical to the four sub-arrays already in use. The construction was completed
in 2014 and all deliverables are under verification testing in 2015. The laser synthesizer lock
recovery rate has been greatly improved, but is still not quite meeting specifications in the fast
switching mode. The vendor (Teraxion) had successful tests of this parameter prior to shipping
to us. The suspicion lies in the NRAO Technology Center Test Setup, so a request for waiver
will be filed with this fast switching, lock rate test deferred until PAS, with the unit in its final
operational environment. Barring any delay with PAI, shipping, or installation; acceptance and
commissioning is planned for December 2015.

2.4

Maintenance and Renewal

2.4.1 NA ALMA Offsite Hardware Technical Support
The NRAO NA ALMA offsite hardware maintenance team comprises 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 2015 Program Operating Plan and
addressed the milestone(s) identified there. 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.

Power Supply Unit M&C AMBSI-1 boards (Qty. 7 new) as spares.
FE IF Switch assemblies (Qty. 6 were repaired).
FE Bias Modules (Qty. 10 new) as spares.
FETMS IF cables (Qty. 4, new).
FE IF Output Cables and Labels (Qty. 5 new).
Bulkhead panels for remaining FE upgrades (Qty. 4 new).
FETMS Fiber Management Panels (Qty. 2 new).
FETMS four-channel IF processor (Qty. 2 were repaired).
FETMS four-channel IF processor power supply (Qty. 1 was repaired).
Cryo M&C MB modules (Qty. 4 new) as spares.
FLOOG distributors and backplanes (Qty. 4 new) as spares.
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Other support activities:
1. NA FE team traveled to the OSF during March and September 2015 to support the Band-5
Front End Test and Measurement System (FETMS) commissioning activity, the FETMS operating
system and software upgrade work, and the Front End Thermal Interlock Module (FETIM)
commissioning and tests. The Band-5 FETMS commissioning work was largely successful. The
FETMS control computers for the EA and NA systems were upgraded from Windows XP /
LabVIEW 8.1 to Windows 7 / LabVIEW 2013, and the FETMS software was extensively
refactored.
2. Provided significant software support effort during the year for issues arising at the OSF.
3. FEMC firmware version 2.6.6 was released after extensive qualification.
4. FEND-40.02.06.00-1000-A-REP summarizes the findings of the experiment carried out at the
OSF (during the FETMS upgrade and Band-5 commissioning support visit of the NA staff) to
study the effectiveness of the approach to keep the Band-6 receiver always on (with LNAs in
the cold stage powered down) as a means of improving the Band-6 stabilization time. The
approach is feasible. Since the RFW (which proposed this option as a solution) was formally
rejected by the CCB, no further action will be taken yet. But the solution is now verified in the
event it needs to be implemented. This proposal needs to be detailed in a change request so
that approval can be obtained from science for the proposed work around. The CRE needs to
describe the proposal and identify all changes necessary to implement this as well as any changes
in applicable documentation Approval of such a CRE would provide the formal framework for
NA to implement it. This is a pending action item for NA.
5. Cryo M&C Test System: After initiating and completing the design effort, Unit # 1 was
assembled into the Front-End Monitor & Control (FEMC) rack. Set up and testing of unit #2 was
completed using a stand-alone FEMC module and Agilent power supply.
6. Cryogenic M&C boards (Qty. 10) were constructed tested and stored for future use.
7. Qty. 16 Cryo M&C boards were tested (and repaired if necessary) during the period, all with
miscellaneous failures, and many of those failures were detected by the new Cryo M&C test
system.
8. Executed (at the NTC) the procedures for calibrating the polarization angle of the source horn
for the CTS in Chile, and the next step is to write the final version of these procedures as well
as build an open ended waveguide (OEWG) section for the scanner. This OEWG section will be
calibrated in CV and sent to the OSF for use there. Producing the polarization angle calibration
procedure will close out the last significant remaining action item from the Band-6 CTS
operational readiness review.
9. ESO requested a loan of ~ Qty. 10 each of bias modules and CPDS boards for a period of three
months to tide over the startup delay from their vendor who is manufacturing the parts for
Band-5. NA ALMA has agreed to allow the Band-5 commissioning to proceed using the spare
units pre-positioned at the OSF. ESO will subsequently replenish them when their construction
vendor delivers these units.
10. Several MRB type meetings were held to review the problem of random incidents where the
compressor gets switched off during observations for no apparent reason, and to identify a way
forward to determine the root cause and possible resolution.
11. NA ALMA assisted EASC with testing sample units from their production run of CPDS and bias
modules for the Band-5 project. A summary of deficiencies in hardware and their vendor’s
testing and calibration procedures were documented and forwarded to the EU IET.
12. A position for a senior technician (who is scheduled to retire at the end of CY2015 was filled
and the new hire is an internal candidate familiar with the FE system and has already started
working with the FE group, providing with some overlap period for transition.)
13. Assisted JAO with procurement of 360 m of 25 µm DuPont FEP film from the NA distributor,
since it was not available in Chile.
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14. The test cryostat which was on order with RAL for a long time was received tested and is now
operational at the NTC.
Band-6 cold cartridge
The list of notable activities within the Band 6 FE CCA group included:
1. Cold cartridge assemblies (Qty. 5) were repaired and shipped to the OSF.
2. Eight “traditional” mixer-preamps were rebuilt and tested and retained for use as Tior-2 level
spares.
3. Significant effort was expended on trying to repair old preamplifiers and create spare mixerpreamplifier sets (Tier-2 level spares). Several mixer-preamplifier sets were produced as a
result, and there is now a spare stock of seven. In parallel, a PO has been issued to the Low
Noise Factory to try to engineer their cryogenic amplifiers to fit the NRAO ALMA mixerpreamplifier requirements.
4. Qty. 3 “additional spare” Band-6 cartridges are being constructed using Tier-2 spares and are in
various stages of assembly and testing.
Other support activities:
1. Provided remote support for the repair of band-6 cartridges (Qty. 2), which had mechanical
problems (loose connector and loose waveguide mounting bracket respectively). These were
successfully rectified at the OSF.
FE Local Oscillator
The Offsite FE Local Oscillator Group recalled, repaired, tested, and shipped an assortment of Qty. 54
warm cartridge assemblies (various ALMA bands) to the OSF.
Other activities:
1. Several Tier-2 modules (AMC, PA, MCDPLL, YTO, etc.) were debugged and repaired.
2. Qty. 4 each of Band 6 and Band 9 “additional spare” WCAs are being constructed using Tier-2
spares and are in various stages of assembly and testing.
3. FE LO test stations were upgraded to phase out obsolete/unsupported National Instruments
hardware and the software refactored as necessary.
4. Performed annual calibration cycle on all test equipment in the NTC FE LO laboratory.
5. During this period additional instrumentation was procured viz. an Ericsson power meter (to
replace an old ageing unit), Keithley current source to enable us to perform diode
characterization.
6. The LO PA MMIC design is running low (EBPA96B, only six months’ supply left, used for Band10 and Band-5 WCAs. Requested quote for a partial wafer run from BAE (for this and other FE
LO PA MMIC chips). We will conserve sparing activity and will perform only critical/essential
repairs till the new chips arrive so as to extend availability of existing stock. A search for
improved inventory control software to avoid future surprises has begun.
Photonics
List of notable activities for the Offsite Photonic group includes:
1. LO Photonic Receivers (Qty. 3 were repaired and shipped to the OSF).
2. Sub Array Switch Assemblies (Qty. 2 were repaired and shipped to the OSF).
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3. Line length correction (LLC) modules (Qty. 2 were repaired units, Qty. 2 new units as spares
were shipped to the OSF).
4. LO Photonic Receiver meta-cables (Qty. 40 were shipped to the OSF, some of these were new
spares, some of them were repaired). Qty. 81 cables were sent for repair/recertification to the
vendor.
5. PRD Optical Amplifier (Qty. 1 were repaired and shipped to the OSF).
6. A new compressor was installed in the Photonic LO room (HVAC).
7. Several photonics sub-assemblies (fiber stretcher, LPR fibers) were repaired during this period.
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.
Back End
Repaired or built (as indicated below), tested and shipped the following hardware to the OSF:
1. IF Processors (Qty. 40 repaired and retested).
2. “Second” LO modules (Qty. 9 repaired).
3. LO Reference Receiver (Qty. 1 repaired).
4. First LO Offset Generator (Qty. 1 repaired).
5. Fiber Optics wraps (Qty. 4 repaired).
6. YIG Oscillators (Qty. 4 new units as spares, Qty. 6 repaired).
7. Digital Clock subassemblies (Qty. 2 repaired).
8. Power supplies (Qty. 5 new delivered, Qty. 3 repaired).
9. A new spectrum analyzer suitable to measure unwanted harmonics in the BE test stand was
delivered to the OSF.
Other notable activities:
1. NRAO and OSF-IEG staff investigated the drift in the 2nd LO modules’ DYTO (an oscillator),
http://jira.alma.cl/browse/OPSNCR-422. It was not affecting many units but an investigation
seems to be of merit. Initial review led us to believe the drift can be corrected through control
software by adding an offset to the course tuning setting.
2. A report on the measurement of spurious signals on 2nd LO modules, titled, “Requirements
Clarification on LO2 Spurious Signals” was drafted. The intent is to determine as how to
properly screen modules in the laboratory instead of discovering poor performance on sky. The
root issue is that the modules that have been rejected with “unacceptable spurious content”
pass the formal systems requirements when retested upon return.
3. LabVIEW training was arranged for support staff from the 8th through the 12th of June. This will
allow NRAO personnel to be able to continue to support the test equipment using LabVIEW.
4. An installation and training trip at the OSF was carried out during the middle two weeks of
February. The LO test stand and IFP test stand were repaired and upgraded. In March, the
February OSF Support Trips were documented in the form of two reports, BEND-55.11.00.00006-A-REP (LO) & BEND-52.08.00.00-009-A-REP (IFP). These reports summarize the work
done for the LO and IFP Test Stands, in addition to any other work performed.
5. The vacancy of the DTS Technical Specialist was filled. The new Technician reported for work
starting in March.
6. Offsite Support Technical Specialist, who focused on IFP system support, left NRAO for work in
industry. His position was advertised, and interviews are ongoing to fill this vacant Technical
Specialist II position in Socorro.
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2.5

NRAO Chile Office

During FY15, the NRAO Chile Office in Santiago supported the legal and business affairs of AUI /
NRAO in Chile for ALMA operations activities. The office continued its administrative services at the
ALMA site. Specifically, it provided the services that require a local presence in Chile and cannot be
effectively discharged from NA. The Chile Office oversaw ALMA human resources activities, including
contracts, payroll, travel support, and interactions, in particular the negotiation of a new Collective
Contract, with the labor union of local AUI staff. The office remained responsible for local property
management and NRAO import/export activities for ALMA. The office supported the monitoring of
NRAO safety in Chile by the NRAO Safety Manager in coordination with the ALMA Environmental
Working Group.
Legal Representation: This function continued to link NRAO, AUI, and the ALMA project with the
Chilean government and institutions as well as with the JAO. In addition, these activities included the
support of expats as well as all travel arrangements for NRAO and AUI staff traveling to Chile. A
fundamental accomplishment related to the interaction with the Chilean government, in particular the
Foreign Ministry, was the conclusion of an official document containing a set of instructions regulating
the inspection of the ALMA facilities by entities of the Chilean government, negotiated in common with
the international observatories.
Contracts and Procurement (C&P): A number of C&P items related to the health and well-being of
employees at the ALMA Site were completed. The most relevant were: (1) procurement for the plant
providing oxygen to the AOS Technical Building; (2) renewal of the contract for the complementary
health insurance offered local employees; (3) contracts for a cafeteria infrastructure upgrade required
to comply with the recommendations of the local health authorities; and (4) renewal of the Office lease
for three additional years. As always, the Office ensured that all the terms and conditions were met in
every contract required by NRAO and the JAO, and that NRAO remained always compliant of its legal
obligations.
Human Resources (HR) – international and local staff: NRAO continued managing its
responsibilities and legal obligations as sole employer of AUI / NRAO-Chile and JAO local staff members
(LSM). These include monitoring the application of the Chilean legal rules and regulations, responsibility
for payroll activities, and NRAO ALMA union matters. One important milestone was the successful
onboarding of the new ALMA HR manager employed by AUI. Another important milestone to
underscore was the establishment of monthly payroll-related visits to the ALMA Site and the Santiago
ALMA Office, which has gone a long way to establish a corporate presence and satisfyemployees
concerns.
Likewise, NRAO-Chile provided enhanced support to the international staff and their families. The
NRAO-Chile HR manager coordinates closely with the JAO HR Department and the JAO Directors
Office.
Labor Union: During late 2014 and 2015, the Office took an active role in various aspects of the
preparation for the 2015 collective bargaining with the AUI employees union. These included a design
for the initial strategy and a timeline for activities, periodic meetings with the Union to solve a number
of extant issues before the negotiations, an external communications plan, an analysis of the JAO
Contingency plan, and a financial analysis of the various observatories recent collective contracts.
Members of the Chile Office participated in both the Steering and the Negotiating teams. The
negotiations were successful and in August, following an overwhelming vote by union members in favor
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of the package offered by the negotiating team, AUI signed a collective contract with its union valid for a
period of 34 months, within the agreed financial envelope.
Safety, Health and Environment: Given its role as the sole employer of the JAO LSMs, AUI /
NRAO continued to coordinate closely with the JAO Safety Office. The Office of Chile Affairs (OCA)
managed the Joint Peer committees on Health and Safety formed at the Site and at the ALMA Office in
Santiago, as mandated by Chilean law. A significant accomplishment to be highlighted here was the
consolidation and strengthening of the Environmental Working Group, thanks to considerable efforts by
the Office senior engineer. This working group assures compliance with ALMA environmental
commitments.
Education & Public Outreach (EPO): The NRAO-Chile EPO Officer and the Representative
continued to act as the liaison with the local community and the JAO to facilitate an understanding of
the corporate role of ALMA, AUI, and the NRAO throughout Chile. It assisted broad participation in
the wider Chilean society in the scientific and technological (STEM) aspects in which AUI / NRAO has
an impact in Chile. Two significant accomplishments during FY15 were the organization of the first EPO
U.S.-Chile Summit, and the securing of the funding to reactivate the Sister City program between San
Pedro de Atacama, Chile and Magdalena, New Mexico, U.S.A., a successful educational program sorely
missed by the San Pedro authorities.
The Summit referred above was supported to a large extent by a grant from the U.S. Embassy in Chile,
negotiated by AUI. The Summit objective was to develop, in cooperation with the local communities and
the international observatories in Chile, a roadmap for future consolidated and coordinated EPO
activities on behalf of the U.S. astronomy efforts in Chile. The development of EPO networks among the
observatories and with the local community is one of the relevant outcomes of this effort.
NRAO Chile Office Milestones
All NRAO-Chile Office goals for FY15 were achieved, including:




Implementation of a succession and management plan in 2015-2016 (elaborated in August 2014),
including the incorporation of a Chief of Staff.
Support to the JAO in developing a well-structured ALMA HR department under a new head of
HR.
Analysis of possible alternatives to the physical location of NRAO-Chile, including the possibility
of moving the office to the ALMA Santiago Chile Office in 2015, and a decision regarding
renewal of the existing lease.
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3 NEW MEXICO OPERATIONS
3.1

Very Large Array

In FY15 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. These scientific needs drove enhancements of the VLA as well. To increase science return
on topics as varied as astro-chemistry, star formation, protoplanetary/protostellar disks, and the
molecular phase of galaxy formation in the early Universe, the VLA underwent improvements in its
Atmospheric Phase Interferometer (API) to increase scheduling reliability, 3-bit samplers to improve
sensitivity, and frequency averaging was offered through the Resident Shared Risk Observing (RSRO)
program for semester 2016A for the first time. Aiming for delivery of wide and deep continuum surveys
an on-the-fly mosaicking mode was implemented and offered, and the two-year science operations of
the VLA Low Band Ionospheric and Transient Experiment (VLITE) was started. VLITE is working as a
commensal system capable of observing with the prime focus feeds at 330 MHz simultaneously, but
independently, of the TAC-approved science pointing carried out with the Cassegrain feeds and WIDAR
correlator. Deep, narrow continuum and neutral hydrogen (H1) surveys continued to explore galaxy
evolution, while the community approved the all-sky component of the VLA Sky Survey (VLASS).

3.1.1 Operations
Observing Programs
NRAO continued to offer three types of observing programs to VLA users in FY15 : General Observing
(GO), Shared Risk Observing (SRO) and Resident Shared Risk Observing (RSRO). Observing capabilities
offered for semester 2015B under all programs were the same as 2015A, because of limited software
resources in the Data Management and Software Department available for updating user tools. New
capabilities for semester 2016A comprised access to the new 4-band system and frequency averaging in
the correlator, available through the RSRO program.
Scientific Support of Receiver, Antenna, and Array Performance
A large fraction of the scientific support in FY15 went toward maintaining receiver, antenna, and array
performance and ensuring that the NRAO user community had access to quality instrumentation and
updated information to effectively use the VLA. Operational tasks carried out by the scientific staff in
FY15 in support of these functions are listed below.






Support Calls for Proposals: update of user documentation for offered capabilities for the
2015B and 2016A Call for Proposals; scientific testing of user tools needed to prepare proposals
(e.g., Proposal Submission Tool (PST), General Observing Spectral line Tool, Exposure
Calculator); technical reviews for proposals and evaluation of proposals for RSRO contributions.
Hardware, Software, and Operational Documentation: Technical documentation
detailing hardware and software functionality for staff and users, operational procedures and
documentation for the operations staff. The VLA “Observational Status Summary” was updated
before the 2015B and 2016A Call for Proposals, along with the “Guide to Observing with the
VLA” on the NRAO web site.
Track and Measure VLA Performance: Sensitivity, Gain Curves, Holography, Antenna
Positions, Collimation, Pointing:
o The sensitivity and gain response of each antenna at each band was characterized
periodically.
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Surface accuracy checks with holography were carried out to ensure optimal efficiency
at the highest frequency bands.
o Antenna positions, collimation offsets and pointing accuracy were determined when the
array was moved into a new configuration.
Scientific Testing of Antennas Completing Major Maintenance:
o Antenna positions, collimation offsets and pointing accuracy were determined each time
an antenna came out of the Antenna Assembly Building after a maintenance overhaul.
o The performance of the new Antenna Control Units (ACUs) was evaluated.
System Health and Maintenance Feedback: Routine health checks were performed to
determine if there were any hardware failures that must be followed up with maintenance
tickets. Radio-Frequency Interference (RFI) monitoring tests were carried out to characterize
and help mitigate RFI contamination in observing bands.
Data Quality Assurance Checks: Data quality was evaluated based on the Pipeline results,
and test observations were run to identify and diagnose problems that were not caught by the
standardized tests and engineering checks.
Calibration Data:
o Flux calibrator models, flux density run: Extensive, multi-configuration observations of
calibrators were made in FY15 to develop models of primary calibrators that can be
applied during the data calibration process. In addition, the standard flux density run to
monitor the flux densities of our standard calibrators was carried out.
o








In addition to the standard support tasks described above, the following items required scientific
support to become operational during FY15 :







Automation of Multiple Subarray Observations: During FY15 there were plans to
automate the use of multiple subarrays and incorporate it into the dynamic scheduler for
testing. However, it lacked software support and is now being carried over to FY2016.
Incorporation of the New Atmospheric Phase Interferometer (API) into Regular
Operations: The API is used to continuously measure the atmospheric stability, and is primarily
used to guide the dynamic scheduler as to when weather conditions are appropriate for high
frequency observations. The old API has been replaced with a more robust, four-element API,
the output from which was incorporated into regular operations during FY15 (Q3).
Integration of VLITE Operations: Final tests of VLITE requiring the extended Bconfiguration were carried out in FY15 Q2, and VLITE was integrated into operations.
Evaluation of new 3-bit Samplers: The new 3-bit sampler modules were tested and
evaluated by scientific staff as they were installed. A memo on their performance was submitted
to the EVLA memo series (Q4).
Test and Make Operational Frequency Averaging in Correlator Back-End (CBE):
The ability to do frequency averaging in the CBE has the potential to reduce data rates and data
storage requirements for continuum observations. This capability was implemented in Q3 and
offered through the RSRO program for semester 2016A.

Array Operations
All FY15 array reconfigurations were successfully completed as planned. During FY15, a VLA control
room was established at the DSOC. It is currently being used during evening and night shifts on
weekends.
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3.1.2 Maintenance and Renewal
Electronics Maintenance
VLA Electronics routine work for FY15 consisted of the following:
 Overhaul of ~30 receiver cold heads per quarter.
 Recondition and replacement of receiver desiccant in each of the 240 twice in the year.
 Preventive maintenance on 25 VLA compressor lines twice in the year.
 Overhaul of two VLA compressors due to normal wear-and-tear.
 Preventive maintenance on four helium circuits to maintain cryogenic performance.
 Repair/replace 24 FE receivers.
 Check on the Correlator boards, and replace or repair as needed.
 Checks of the fiber optics system to ensure proper operations; reset as needed.
 Investigation of issues with locking, fringing, output power, and general communication
dropouts.
 Routine power supply and battery maintenance.
 Retrofit upgrades or additions to enhance equipment safety.
 Bench work on modules for repair or assembly.
 Monitor modules responsible for array timing, and adjusting as needed.
 Maintenance on ACUs and Focus Rotation Mount (FRM) controllers.
 Replacement of ~10 Silicon Controlled Rectifier (SCR) driver cards in the VLA antenna servo
cabinet.
 Monitor for local radio frequency interference (RFI) at the VLA site.
Engineering Maintenance
VLA Engineering routine work for FY15 consisted of the following:
Antennas: VLA antennas were routinely cycled through the Antenna Assembly Building for checkout
and overhaul throughout the year. Eight antennas were cycled through the assembly building this year,
exceeding the original plan of seven. One antenna azimuth bearing was replaced in FY15.
Preventive maintenance was conducted in the field to inspect, clean, and lubricate each antenna’s FRM
and azimuth and elevation bearings. During these inspections, antenna mechanics routinely checked
grease for metal chips on all antennas in the field so as to be alerted for potential failure of moving parts.
This is especially important for the sustainability of the azimuth gears. The antenna mechanics continued
to respond to mechanical/structural problems that occur regularly, such as inoperative motors, water
leaks into the antenna, equipment rooms, broken anemometers located on the dish lip, realigning
misaligned FRMs, and addressing other antenna issues brought to their attention. Antenna mechanics also
inspected the 72 concrete antenna pads to verify their structural integrity and to measure for signs of
shifting. If the tripod legs of the pad were to shift too far apart, the antenna could not be bolted to the
pad.
Transporters: The two transporters used to move the antennas during reconfigurations underwent
maintenance and repair between move periods. Maintenance on the almost forty year old transporters
included servicing the motors, checking the generators that keep critical power to the antenna during a
move, lubricating the moving parts, checking on the twenty-four wheel axles and wheels, and maintaining
electrical and hydraulic systems. In FY15 the hydraulic system of Transporter 2 was upgraded making
the two transporters configured identically for the first time in VLA Operations.
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Track: During FY15 inspection of the VLA railroad tracks continued, checking for problems that could
compromise the safety of the transporters that carry the antennas during array reconfigurations and
other antenna moves. These inspections also guarded against problems that could jeopardize the safety
of the maintenance rail vehicles that are used by technicians to service the antennas.
Following NRAO document PMD00040, 2013 VLA Holland Track Survey, Results and Recommendations,
5000 cross-tie replacements were completed in FY15.
Five intersections were fabricated and replaced in FY15.
Site Infrastructure: The VLA site buildings, utility systems, and grounds continued to undergo routine
annual inspection and preventive maintenance in FY15. The site electrical system hatch gear and all site
transformers underwent yearly preventive maintenance procedures. Other regular activities included:
annual road grading; roof repairs; heating and cooling systems maintenance; pest and weed control along
the railways and central site; fire brigade and emergency medical response team training; and the routine
servicing of gas pumps, sewer and water supply systems, backup generator power, and other related
systems.
Technical Upgrades and Enhancements











Solar Capable Receiver Installation: The process of installing solar-capable receivers in the
array continued on schedule in FY15. The process of modifying a receiver requires the receiver be
removed from the array. At the DSOC, the components are replaced in the dewar, and the
receiver is tested before being reinstalled in the array. Two additional L-band receivers were
completed with a full RF update (Q2), three X-band receivers were updated with 20dB switched
attenuators (Q3), and a further three X-band receivers with 20dB switched attenuators and solar
Tcals were installed in Q4. The first Ku-band receiver was updated with 20dB switched
attenuators in Q2, and three more Ku-band receivers were updated with both 20dB switched
attenuators and solar Tcals by the end of Q4. Three S-band receivers with 20dB switched
attenuators and solar Tcals were also installed by the end of Q4.
Card Cage Upgrades: A revised Front End (FE) card cage design was completed in FY14 to
address reliability issues. Over 48 units were installed in FY14. An additional 68 units were
installed in FY15, exceeding the original goal of an additional 35.
C and L-Band Thermal Gap Retrofits: A new thermal gap design has been shown to
decrease the noise temperature of both the C and L-Band receivers and significantly improve
performance. At the end of FY14, a total of six C-Band and seven L-Band receivers had been
retrofitted. Four additional C-Band and six L-Band receivers were modified in FY15.
Front End Cal Board: Each VLA receiver incorporates a warm electronics enclosure that
houses the noise calibration monitor and control card. A new revision of the printed circuit
board is now available that enhances the drive pulse used to switch the noise diode on/off for
solar observing. Eighteen boards of the new revision were built, tested and installed in FY14. 20
boards were installed in FY15, as planned.
Temperature Stabilization of the VLA receiver noise diodes: The noise diodes used in
every VLA receiver are located in the warm electronics enclosure that is not temperature
controlled, and as the temperature changes the noise calibration diode output changes. This is a
small effect but can impact the calibration of the receivers. A prototype temperature-stabilized
noise diode assembly was developed and tested in a Ku-band receiver in FY15. Temperature
swings were reduced from 14C to 1C with the active control enabled.
Replace Legacy Q-Band Receiver Interface Hardware: There were eight Q-Band
receivers with legacy interface hardware at the start of the year. This hardware was replaced in
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FY15, making all thirty Q-Band receivers similar, allowing one software package to communicate
with all of the Q-Band receivers.
VLA ACU Replacement: A third new-style ACU was installed and tested in the array. The
new ACUs show improved antenna performance and reduced pointing offsets compared with
the old ACUs, as well as avoiding the risk of obsolescence for the legacy parts.
VLA 3-bit Sampler Upgrade: The thirteen worst performing 3-bit sampler modules with
Teledyne digitizer boards were removed from the array and were replaced with new Hittite
digitizer boards. The DTS modules were retested, performance characterized, and installed back
into the array, resulting in an estimated ~6.7% improvement in sensitivity of the total array.
F318 Installation: A prototype F318 module was installed in an antenna in Q1, and ten F318
production modules were installed and tested in the array by the end of Q3. The F318 replaces
the F320 modules which have a power supply reliability issue. The F318 also has additional
features including Water Vapor Radiometer support.

Observing Capability Enhancements
The VLA continued to provide new capabilities to the user community to optimize and enhance the
science that can be done with the array. This strategy has proven to be effective in keeping users
engaged, and it is a critical factor in keeping the scientific productivity of the VLA high. The pace of
development of new capabilities is matched to the available FTEs who are not fully engaged with daily
operations.
Scientific staff and RSRO effort was directed to the following observing capability enhancements in FY15:
 P-band spectroscopy and polarimetry were offered through the RSRO program and relied on
RSRO (non-NRAO) resources for their commissioning in FY15. Although significant progress
was made, they are not yet sufficiently well documented to be offered through the SRO
program for semester 2016B as originally planned.
 Pulsar observing modes continued to be developed, including pulsar binning with WIDAR, and
search and fold observations using the phased VLA (and separate software on CBE nodes).
These modes are now almost ready to be incorporated into the Observation Preparation Tool,
pending completion of the software requirements and availability of software effort in the Data
Management and Software Department. They will remain offered through the RSRO program
for 2016B.
 The MJP (4-band) feeds that were installed in FY14 were evaluated when the VLA was in the Bconfiguration in FY15, and a memo was written on their performance (Q3).
Operational Enhancements
In addition to the new capabilities that NRAO offered its users, there were several planned
enhancements to the technical or scientific operation of the VLA with the goal of improving its overall
data quality and data products. In FY15 these focused on improved calibration procedures, including
heuristics for the VLA calibration pipeline, and on supporting the VLA Sky Survey.



Improvements to Referenced Pointing: Improvements were made to the way that TelCal
solutions are determined internally, which makes the derived solutions much more robust to
bad antennas or basebands.
Implement Tipping Scans for Opacity Correction: Old-style VLA TIPS (stepped, going
from 55 to 23 degrees with 7 locations, either up or down) were implemented and tested in
FY15, and are available to users. Relevant data are written into the SysPower and Pointing
tables, to allow for derivation of atmospheric opacity in either CASA or AIPS.
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3.2

Develop a Method to Use Switched Power Values for Improved Calibration: An
analysis of whether applying switched power calibration would be beneficial in the general case
for VLA data concluded that it is not needed, and that the normal procedure of observing a
phase calibrator is sufficient to track changes in system gain.
Pipeline Heuristic Development: Heuristic development for the VLA pipeline focused on
imaging Stokes I continuum and the application of switched power calibration instead of
polarization calibration, to accommodate availability of relevant staff expertise in FY15.
Polarization calibration will be carried over to FY16.
Ionospheric Calibration Improvements: A description of best practices and how to apply
ionospheric calibration using CASA was written up as a special P-band CASA guide.
Support for the VLA Sky Survey (VLASS): Good progress was made in preparation for
the VLASS. Changes in the way that MCAF behaves during OTFM observations were
implemented which should allow observations both at the default scanning speed and at the
double scanning speed for long periods (scheduling blocks of at least 7 hour duration). Test
observations were made while in the A-configuration, which should allow decisions to be made
leading up to PDR (for instance, whether to use the default scanning speed or the double
scanning speed). Observations of some of the effects of RFI were taken and analyzed.

Very Long Baseline Array

In FY15 the VLBA remained the world’s pre-eminent facility for microarcsecond astrometric studies,
and submilliarcsecond imaging. A wide range of science returns were achieved through precision
astrometry including fundamental cosmology, Galactic spiral structure, distances to local star forming
regions and clusters, and local galaxy dynamics. Imaging applications included the time-evolution of the
black hole/accretion disk/jet environments of AGN, carried out in parallel with high energy National
Aeronautics and Space Administration (NASA) missions such as the Swift, Fermi and Chandra satellites.
New capabilities continued to be added with a focus on increasing the number of compatible observing
modes of the various stations of the High Sensitivity Array (HSA). The emphasis in telescope operations
for FY15 was to improve the reliability of the array through the retirement of legacy hardware and
software, and on-going infrastructure maintenance.

3.2.1 Operations
Observing Programs
NRAO continued to offer three types of observing programs to VLBA users in FY15 : General
Observing (GO), Shared Risk Observing (SRO) and Resident Shared Risk Observing (RSRO). For
semester 2015B the DDC-8 mode on Effelsberg was commissioned and moved from the RSRO to the
SRO program ahead of the original schedule, and was then moved to the GO program for semester
2016A. The Large Millimeter Telescope Alfonso Serrano (LMT) in Mexico was offered as part of the
HSA for 3mm VLBI through the RSRO program, and beginning in semester 2015B the LMT was also
offered on a “best effort” basis for inclusion in the Global 3mm VLBI Array (GMVA).
Scientific Support of Receiver, Antenna, and Array Performance
Operational tasks carried out by the scientific staff during FY15 in support of maintaining receiver,
antenna and array performance and ensuring that the user community had access to quality
instrumentation and updated information to effectively use the VLBA included:
 Support Calls for Proposals: update of user documentation for the offered capabilities for
the 2015B and 2016A Call for Proposals; scientific testing of user tools needed to prepare
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proposals (e.g., PST, EVN Sensitivity Calculator); technical reviews for proposals and evaluation
of proposals for RSRO contributions.
Hardware, Software, and Operational Documentation: Technical documentation
detailing hardware and software functionality for staff and users, operational procedures and
documentation for the operations staff. The VLBA “Observational Status Summary” was
updated before the 2015B and 2016A Call for Proposals.
Track and Measure VLBA Sensitivity, Pointing, Focus: The sensitivity, pointing and focus
of each antenna at each band were characterized periodically, as receivers and equipment were
replaced or as software was upgraded.
Clock Maintenance: Accurate time keeping is central to VLBI, and is provided by hydrogen
masers and reference signals inserted into the astronomical data. Quality assurance checks were
performed periodically by scientific staff and data analysts.
RFI Characterization and Mitigation: RFI tests to characterize and help mitigate RFI
contamination in the observing bands were performed.
System Health and Maintenance Feedback: Routine health checks and analysis of the data
to determine if there are any hardware failures were followed up with maintenance tickets.
Data Quality Assurance Checks: Data quality was evaluated and test observations run to
identify and diagnose problems that were not caught by engineering checks.
Coordination with Other Observatories for Global mm VLBI and the HSA: The
VLBA occasionally observed in parallel with other observatories, as requested by users whose
scientific goals require the inclusion of baselines to large-aperture and/or distant facilities.
Scheduling and correlation of these observations required coordination with local schedulers at
each participating observatory, a significantly more complex process than normal VLBA-only
observations require.

3.2.2 Maintenance and Renewal
Electronics Maintenance
The site technicians carried out the bulk of the routine maintenance tasks at the VLBA sites. For FY15
this consisted of the following:
 Inspection and lubrication of FRM, Az/El drive motors, encoder and pintle bearings, elevation
gears, elevation hoist, change gearbox oil, etc.
 Checks/tests of encoder motor tachometers, servo limits, ACU, vacuum pumps, all heating,
ventilation, and air conditioning (HVAC) systems, dry air system, weather station equipment,
etc.
 Ensured normal operations of safety equipment such as UPSs and generators, emergency power,
fire alarm systems, fire extinguishers, security systems, etc.
 Carried out preventive maintenance tasks such as checking motor brushes and commutators,
check of Azimuth wheel position, check for metal in grease samples, cable wrap maintenance,
replace oil filters, etc.
 Repaired some VLBA specific modules to relieve some of this task from the technical staff at the
DSOC and the VLA sites.
 Maintained the grounds and building infrastructure.
 Other diagnostic and repair tasks as needed.
Electronics Division staff based at the DSOC performed the following routine work in FY15
 Overhauled approximately 60 receiver cold heads to keep VLBA FEs operating.
 Carried out preventive maintenance on four helium circuits to maintain cryogenic performance.
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Repaired and/or replaced eight VLBA FE receivers.
Performed checks on the Correlator Computers.
Investigated issues with locking, fringing, output power, and general communication dropouts.
Retrofitted upgrades or additions to enhance equipment safety.
Performed bench work on modules for repair or assembly.
Monitored maser performance and timing, adjusting as needed.
Performed maintenance on ACUs and FRM controllers.
Monitored for local RFI at the VLBA sites.
Sent calibrated site weather station hardware to each site as needed.
Repaired 24 VLBA recording and playback modules
Repaired 100 Mark 5 disk packs.

Engineering Maintenance
Antennas: Two VLBA stations per year were scheduled to receive major maintenance visits by the
VLBA Tiger Team in FY15, comprising eight personnel from the antenna mechanics and the Electronics
Division servo groups. In FY15 Q3, the Owens Valley VLBA station received a major maintenance visit
by the VLBA Tiger Team. The originally planned major maintenance visit to St. Croix was switched to
Mauna Kea following a lightning strike at that site, so that electronic components affected by the strike
could be repaired or replaced. The schedule of the visit to Mauna Kea was then delayed to FY2016 Q1
in order to avoid manpower conflicts with the VLA array reconfiguration, and to allow time to prepare
additional equipment for the trip.
Technical Upgrades and Enhancements


Replacement of VME Control Computer Functionality: The legacy VME computers that
control the operation of the VLBA antennas are reaching end-of-life. As part of the Sensitivity
Upgrade project, new hardware has been installed at the VLBA stations; all of this new
hardware is controlled with a modified version of the EVLA Executor. In order for the
computer that hosts the Executor to be able to communicate with the legacy hardware, an
interface box (M450) has been designed and tested in the laboratory; an operational
(production) unit was installed at the Los Alamos site and successfully tested in FY15 Q3.

Observing Capability Enhancements
For FY15, capability enhancements focused on increasing the number of compatible observing modes on
stations of the HSA and on starting to include the LMT in the HSA for 3mm VLBI. Specifically:


Scientific and operations staff worked with colleagues at Effelsberg to commission and document
DDC-8 observing at that telescope for inclusion in HSA observations, with the goal of offering
this mode through the SRO program in 2016B. This work proceeded so smoothly that we were
able to offer this mode a year early, for semester 2015B.
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3.3

The goal of commissioning and documenting PFB observing at the LMT to allow this mode to be
offered with the HSA through the SRO program for semester 2016B was delayed by discovering
that its digital backend (DBE) and its recording system (both provided by Haystack Observatory)
are not fully compatible with those of the VLBA, and that new hardware will be required to
make it compatible. Further commissioning of this system has been put on hold while the LMT
seeks funding to acquire this hardware. In the meantime, access to the LMT as part of the HSA
will continue to be offered through the VLBA Resident Shared Risk Observing program for
2016B.

Site Operations

The facilities for which NM Operations are responsible comprise of two leased buildings on the campus
of the New Mexico Institute of Mining and Technology (DSOC, and the NRAO Guest House), the VLA
telescope site, and the ten VLBA stations. At the DSOC and the NRAO Guest House, NRAO supports
building maintenance, communications, and utilities. At the VLA site, NRAO supports all
communications, utilities, building maintenance, and telescope maintenance. At the VLBA stations,
expenses include communications, utilities, building and site maintenance, land leases, and telescope
maintenance. One of the largest components of the overall facility expenses is the cost of electrical
power. Year-specific items related to the facility and site operations are described further below




The installation of an electronic door access system in Socorro to match the systems in place in
Charlottesville and Green Bank was completed in FY15 Q1. This work was required to upgrade
the DSOC to be compatible with other North American NRAO sites, and to facilitate
implementing the Denied Party Access requirements in the Socorro building.
The lease for St. Croix was renewed in 2014. A renewal of the sublease for Owens Valley
awaits the renegotiation of the lease between Los Angeles Water and Power and Caltech.
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4 WEST VIRGINIA OPERATIONS
4.1

Green Bank Telescope

The GBT is the world’s premier single-dish radio telescope operating at meter to millimeter
wavelengths. Its enormous 100-meter diameter collecting area, its unblocked aperture, and its excellent
surface accuracy provide unprecedented sensitivity across the telescope's full 0.1 - 116 GHz (3.0m 2.6mm) operating range. 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. But as a filled aperture it also has the highest
possible sensitivity to extended, low surface-brightness emission of the kind associated with comets,
molecular clouds, and distortions of the cosmic microwave background. The GBT also joins the VLBA
for interferometric observations to provide a critical threshold of sensitivity for the highest angular
resolution studies. The single focal plane is ideal for rapid, wide-field imaging using multi-pixel cameras,
and with access to 85% of the celestial sphere it also serves as the wide-field imaging complement to
ALMA and the VLA. Operation of the GBT is highly efficient, and it is used for astronomy about 6500
hours every year, with 2000-3000 hours per year available to high frequency science.
The GBT is flexible and easy to use, and can respond to new ideas from the scientific community rapidly.
It is straightforward for a small group to build and install a new instrument, providing them access to a
world-class research facility. State-of-the-art instruments now under development in collaboration with
university groups will continue to keep the GBT equipped with the latest technology. Graduate students
use the GBT to gain hands-on experience with a major telescope, an increasingly rare opportunity and
critical for their training.
The telescope’s oversubscription rate in FY15 varied from 2 – 2.5 across the year, a significant decrease
from previous over subscription rates which have been of order 4 or higher. The GBT is scheduled
dynamically to match project needs to the available weather. Green Bank has several thousand hours of
clear skies with a perceptible water vapor content <10mm throughout the year, allowing extensive
operations at short wavelengths. Since 2010 about 2000 hours have been available for weatherdependent high-frequency observations, a number which should increase as telescope control is
improved.
The GBT has the best protection of any U.S. observatory from many forms of man-made radio
frequency interference as it is located in the National Radio Quiet Zone and the West Virginia Radio
Astronomy Zone. The facility’s location in a lightly populated valley in the Monongahela National Forest,
surrounded by extensive ranges of mountains in all directions, provides further protection from
interfering signals.
The Green Bank facility is also a major resource for education and public outreach, and as such is an
outstanding advocate for basic research and the work of the National Science Foundation. The facility
produces nationally-acclaimed programs in education, and the training of science and engineering
students and teachers. These activities operate from the Green Bank Science Center, and with its
auditorium, classrooms, and large exhibit hall, is visited by 50,000 people every year. Thousands of K-12
teachers and students partake of residential educational programs using older radio telescopes no longer
involved in research. The facility’s laboratories, utilities and support facilities make it an attractive
location for independent research experiments and it serves as the field station for several universitybased research instruments.
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The science delivered by the GBT in FY15 was extremely varied, from searching for Nano-Hertz
Gravitational Waves through pulsar timing, to discovery and confirmation of new interstellar molecules,
mapping the star formation regions and potential in the Milky Way and other galaxies, and studying the
Sunyaev-Zel’dovich effect in distant galaxy clusters.
The total amount of science on the GBT in FY15 remained at approximately 6,500 hours. Of these
hours, roughly 600 were provided to a number of universities and other research organizations through
private contracts, while the remaining hours were available under NRAO’s “open skies” policy to all
qualified astronomers.

4.2

Development

Two new instruments were under development in FY15 for future use on the GBT. Both were built by
university partners for specific science programs with the telescope and were intended to be completed
in FY15, but neither achieved this goal. As a result, they are currently scheduled for commissioning in
FY2016. NRAO staff is assigned to the projects to aid in installation and commissioning only. As a
result, all project milestones are controlled by the project PIs which are not NRAO employees.
ARGUS: In FY14 a group led by Sarah Church (Stanford University) began the construction of a 16-pixel
75-115.3 GHz traditional feed horn array, funded through the NSF-AST ATI program. The GBT is the
best telescope in the world for molecular line research in the 70-100 GHz band. The camera will
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 will be the only system in the world which can
provide information about the structure of comets as they move through the solar system.
Development of the instrument is delayed and is currently expected to complete in early FY16.
Commissioning will then take place in the winter of FY16.
MUSTANG1.5/2: In FY 2013 a group led by the University of Pennsylvania began building a new 75-105
GHz bolometer array for the GBT. This array was assembled from new frequency-domain microwave
SQUID (mSQUID) multiplexers recently developed by NIST (using the same backend electronics as
mKIDS) and contoured feed horns. The array was deployed for one season in FY15. However the
instrument suffered from noise and other problems resulting in only a very limited science output.
During the same year, though, the PI secured sufficient funding to expand the total number of pixels on
the instrument too roughly 200 pixels total. As a result, when the instrument was removed from the
GBT in FY15 it was returned to the PI for work on the instrument noise and to upgrade its size.
Delivery of this new instrument (MUSTANG 2) is now scheduled for Q2 of FY16, with commissioning
to commence at that point. As with ARGUS, though, all project milestones are controlled by the project
PIs which are not NRAO employees.

4.3

Maintenance and Renewal

Track repair: The GBT track is now ten years old and is showing signs of wear. Beginning in FY14
NRAO, on an annual basis, is replacing those GBT track pieces which show significant wear. This work
continued through FY15.
Telescope painting: Painting of the GBT is necessary to preserve the overall integrity of the structure.
In FY15 annual painting efforts continued at roughly the same levels as in the past three years.
Digital Servo Replacement: The original analog servo system for the GBT is outdated and difficult to
maintain. It is being replaced by a digital servo system that will provide the platform for model-based
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servo control, allowing for significantly improved telescope pointing and motion. The servo replacement
is being performed as part of operations and continued in FY15.
Routine maintenance: Ongoing telescope front-end and back-end maintenance continued routinely in
FY15, 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 analyzed lubricants for metal and other foreign particles in the field, on the GBT
and all other antennas, to be alerted to potential failure of moving parts, especially azimuth truck
bearings and elevation gears and bearings. No significant failures were found.
Telescope inspections: The tri-annual GBT inspections occurred in Q3 and Q4 of FY15. A report of
that inspection is expected in FY16.

4.4

Other Instruments


140ft Diameter Telescope
The contract for the 140ft diameter site telescope to continue work as an Earth Station
(downlink station) for the ROSCOSMOS RadioASTRON satellite continued through FY15 with
no significant issues.



20m Diameter Telescope
Use of the site’s 20m telescope in FY15 was twofold – first a part of NRAO’s Education and
Public Outreach program, working with the University of North Carolina’s SkyNET program.
Secondary to this, and commensally, the telescope has been monitoring the skies for Fast Radio
Bursts as part of a program developed by NRAO, West Virginia University, and Virginia Tech.



40ft Diameter Telescope
The 40ft diameter site telescope is used exclusively by the NRAO’s education and public
outreach program for student and teacher projects.



Galford Meadow
Four instruments currently reside in or near Galford Meadow on the Green Bank campus.
These are described below:
o PAPER: The PAPER (Precision Array for Probing the Epoch of Reionization) array is
collaboration between NRAO, the University of Virginia, and the University of
California at Berkeley. The array was deployed at the Green Bank site in 2004 for
testing and confirmation of any signals found with its larger sister array in the Karoo,
South Africa. The instrument is no longer in use and is being replaced by HERA
(described below).
o HERA: HERA, the Hydrogen Epoch of Reionization Array, is being built in Green Bank
as a test construction and data taking array. The final array is to be built in the Karoo in
South Africa. Construction of the first of three antennas of the HERA project was
completed in FY15.
o LoFASM: The Low Frequency All-sky Monitoring array (LoFASM) has one of its four
stations on the Green Bank site. The instrument has been in operation since 2012.
o MEASURE: 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. This project is staffed and run through the West Virginia University.
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4.5

Site Operations

In addition to the science instruments on site, Green Bank hosts a number of other facilities. The
NRAO central instrument (machine) shop provides much of the large (m – cm) work for all NRAO
telescopes and projects. The onsite housing, ranging from bunkhouses and motel-like lodgings through
apartments, townhouses and 3-4 bedroom homes, is available for use both by Green Bank staff and all
site visitors, including primary school students, college students, summer visitors, etc. The site cafeteria
is open only to local staff (for lunch) and official site visitors. The NRAO Science Center, part of
NRAO’s Center for Education which is described in Section 10, is also housed on site and contains both
the exhibit hall, auditorium, classrooms, and gift shop and also the Starlight Café which is open to the
general public.
Due to budget shortfalls, a number of high priority tasks will not be implemented in FY15. These
included:



Replacing aging test equipment for the GBT;
Remodeling of the GBT warehouse - built for the GBT’s construction and lacks any RFI shielding
for the telescope. Currently it is the largest source of site-based interference for the GBT.

Site Infrastructure: The GB site buildings and grounds continued to undergo routine annual inspection
and maintenance in FY15. 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. A new well and septic system for
the 40ft diameter telescope was built in FY15. In addition, a generator for the science center to both
provide back-up to NRAO’s MIS systems and to provide safety in case of emergency when school age
and other visitors are on site was purchased in FY15 and will be installed in early FY16.
Road repair, maintenance, and plowing (as needed): The GB site owns and maintains all roads
within its boundary, and is therefore responsible to repair all damage and keep the roads clear for
proper use and, most importantly, for the passage of emergency vehicles when necessary. To that end,
the maintenance group is responsible to repair all road damage caused by accident or weather extreme,
and plow the roads of snow in the winter. Proper maintenance of the roads has kept them in
outstanding shape over the course of the last 50 years with minimal outlay of funds for replacement.
These activities are required to ensure the GB site and the GBT remain in a current state of repair.
Vehicle Support: The GB site continues to operate more than 65 vehicles and heavy equipment items,
such as loaders, dozers, backhoes, trenchers, tractors, mowers, fleet vehicles, and buses. All of these are
used daily and were routinely serviced and repaired to remain in safe, efficient working condition
through FY15 and onward.
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5 CENTRAL DEVELOPMENT LABORATORY
5.1

Repair, Maintenance, Production, Support

Millimeter and Submillimeter Detectors: Eight spare ALMA Band-6 SIS mixer preamps have been
completed
Low Noise Amplifiers: The CDL Amplifier Group continues to produce/repair amplifiers for NRAO’s
VLA, VLBA, GBT, and ALMA telescopes. In the period covered by this report, 79 amplifiers were
delivered mostly for the VLA, VLBA and GBT. Other observatories were also supported by this effort,
including ASIAA, Arecibo, and JPL.
A preliminary production run of 16 ALMA Band 1 “chip-and-wire” amplifiers revealed excellent
repeatability of performance and very good agreement with model predictions. Nine amplifiers based on
CRYO-3 HEMTs have been delivered to the ASIAA team for the development of prototype Band 1
cartridges. Given the successful integration of these amplifiers by ASIAA into two Band 1 prototype
cartridges, a contract to manufacture 166 amplifiers for full production of Band 1 cartridges is pending.
Optics and Electromagnetic Components: The CDL continues to provide support in the area of
electromagnetics for all NRAO telescopes, including ALMA. CDL also designs, builds and characterizes
passive components like antenna feeds, polarizers, quasi-optics, etc. for receivers that are built for other
radio telescopes.
An X-band (8-12 GHz) corrugated feed horn was designed for a future wide-band receiver on the GBT.
The feed is a linear-taper horn with an aperture of 12.5” and length of 22”. It uses ring-loaded
corrugations in the mode converter section to provide wide-band performance. The illumination taper
at the edge of the subreflector varies between -12.7 and -14.2 dB. Cross polarization is better than -25
dB, and return loss is greater than 29.4 dB. The feed horn will be machined and tested in the future.
An improved second version of the X-band orthomode transducer (OMT) has been designed. This
design weighs 2.5 lbs compared to the 3.7 lbs of the first version; return loss is better than 22 dB over
the 7.8 to 12.2 GHz range. A power splitter that is between the OMT and phase shifter and a circularto-square transition has been designed.
A corrugated waveguide phase shifter with dimensions 0.2255”x0.2147” has been designed. The device
yields 90±5° differential phase for the two orthogonal polarizations in the 35-52 GHz band. Waveguide
transitions to the feed horn and OMT have also been designed.
ALMA Band 2 optics development has been completed. A linear taper corrugated feed horn and 3
HDPE lens were designed, built and evaluated. Each lens had a different focal length and distance from
the feed horn. Each lens was mounted at the 300K plate of the ALMA cryostat and also served as
vacuum window. Measurements were carried out on the ALMA cryostat and efficiencies were
demonstrated to be greater than the specified 80%.
Detailed measurements of cross polarization were also carried out on the Band 2 optics at the Green
Bank Anechoic chamber range with the 15K and 110K infrared filters in place. The cross polarization by
each of the optical components has been quantified. The polarization efficiency of the beams in the two
diagonal planes is greater than 99.1% over the 67-90 GHz band.
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Digital Signal Processing (DSP):
ALMA Correlator: The DSP group was called upon in several instances to support the ALMA baseline
correlator. Software support for sub-arrays and array phasing was added by the software development
group. These new correlator modes uncovered a few bugs in firmware designed by the DSP group. The
bugs were subsequently resolved.
ALMA Phasing Project: (Note: The 2015 POP inadvertently included the ALMA Phasing Project (APP)
work under Repair, Maintenance, Production and Support. The APP should in fact have been included
under Research and Development. For consistency, the results of the APP is reported here.) All
outstanding documentation for the APP was completed in the FY15 reporting period. System-level tests
were also supported. This work involved troubleshooting and firmware upgrades. Initially this testing
showed inconsistent results and errors. The Correlator team, including the DSP group, searched for and
resolved these problems. A report on these efforts was provided at the 2015 URSI meeting in
Vancouver.

5.2

Research and Development

FY2015
Millimeter and Submillimeter Detectors:
 Completed two prototype 4-12 GHz balanced IF amplifiers based on Low-Noise Factory
amplifiers. These performed well, as expected.
 Started design of a 4-12 GHz superconducting lumped-element quadrature hybrid for use with
balanced IF amplifiers in second-generation ALMA receivers. (This work was delayed by the lack
of research engineer time.)
 Completed a 4-K LHe test dewar for measuring cryogenic IF components.
 Worked with engineers at AWR Microwave Office (now part of National Instruments) to
correct their standard microwave transmission line model, which has a non-physical response.
As a result a new, physically correct model has been added to the MWO component library.
 Evaluated 2.92-mm loads and attenuators from Weinschel and Anritsu for use at 4 K.
 Developed non-destructive procedure for mounting and testing fragile membrane circuits at
4 K.
 Evaluated 43 385-500 GHz SIS mixer chips with AlN barriers made at UVML by measuring DC
I(V) responses. These mixers are a developmental step on the way to an ALMA Band-10 SIS
mixer with AlN tunnel barriers.
Low Noise Amplifiers: A new version of ALMA “chip-and–wire” Band 2 amplifiers with optimal noise
and gain performance has been developed. This version utilizes individual transistors from the JPL
“Cryo-3” wafer but with a different gate width.
The CDL's collaboration with Caltech/JPL has produced cryogenic measurements on MMIC low-noise
amplifier modules using Northrop Grumman's 35nm InP process. These modules were optimized to
meet the requirements of ALMA Band 2. Results were generally positive, with competitive noise
performance and bandwidth. These interim test units were assembled with slightly too much gain, which
caused some compression with room-temperature inputs. A new MMIC wafer run with many new
designs is currently in fabrication; it is hoped that this run will produce chips that can be used for the
production of Band 2 amplifiers on the ALMA telescope.
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The goal of achieving less than 30 K across whole 67-90 GHz band remains elusive for all technologies.
The MMIC run in progress may show improved performance and the issue of broad-band noise
performance and gain flatness in a “chip-and–wire” amplifier is under further investigation.
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 several presentations
(Caltech, NTC Charlottesville, Green Bank) while tutorial exposition of these concepts was presented
in a short course delivered at the 2015 WAMICON Conference in Cocoa Beach, FL.
50nm MHEMT amplifiers from BAE were also evaluated cryogenically, for the first time. Stabilization of
the devices at cryogenic temperatures has proven difficult, but the initial results were encouraging.
Digital Signal Processing (DSP): During FY15, the bulk of the effort of the Digital Signal Processing
Group was divided between the ALMA Phasing Project (APP) and planning for future upgrades to the
ALMA baseline correlator. Some effort was also expended toward the PAPER project’s Smart
Networked ADC Processor (SNAP). APP-related work is reported above in the Repair, Maintenance,
Production and Support section. Other work is reported below.
With respect to future correlator upgrades, there were two major thrusts. The first, and by far the
largest, was the formulation of a proposal to upgrade the existing ALMA correlator by significantly
increasing both its spectral resolution and bandwidth. As part of this, detailed design of a new correlator
IC and high-level designs of all the required modules were completed, and costs calculated. This
proposal was submitted to the NAASC. The DSP group also became a co-investigator for a second
proposal to the NAASC. That proposal is more forward-looking and intends to make recommendations
for a replacement correlator in the more distant future.
With respect to the SNAP project, the manufacturing was completed. The bulk of the testing of the
initial version was conducted at Berkeley. The DSP group’s role changed to support for bug fixes in a
second iteration. The initial version was quite successful, with only a few minor bugs requiring fixes.
The POP also called for the DSP group to contribute to the NRAO Phased Array Feed Project. The
design effort for this was moved to Green Bank after the POP was submitted.
Precision Array for Probing the Epoch of Reionization (PAPER): PAPER is an example of a road-map
type investigation in radio astronomy. The project was conceived, developed, deployed, and operated
with one scientific purpose in mind: to detect the signature of the Epoch of Reionization (EoR). PAPER is
a team effort that was begun over six years ago by two researchers and a couple of graduate students,
and has since expanded to include additional researchers, postdocs, students, engineers, and technicians,
with each one applying his or her expertise where needed.
This work was completed successfully and no further activity is anticipated.
Integrated Receiver Development (IRD): The six-channel IRD backend has been implemented using a
Kintex-7 FPGA processor and is now processing live sideband-separated spectra in real-time. With it,
the unformatted serial link is becoming a mature and reliable technology, as we have successfully
demonstrated automatic de-interleaving of data streams on a shared optical fibers using CPLD code
keyed to gain mismatch, as well as the synchronization of parallel data streams on separate fibers using
phase correlation slope. We are now taking steps to further improve the capability of this system by
moving toward higher bit rates and by developing a Serial-output ADC which will have profound
implications for improved integration, power efficiency, RFI immunity, and bandwidth flexibility.
NRAO | Annual Progress Report FY2015

48

The integrated front-end architecture has also been improved via advanced topologies and miniaturized
packaging of the reflectionless filters which are part of this technology. This has resulted in near "iPodsize" analog-digital-photonic front-ends, with further improvement expected upon completion of the
Serial ADC.
Further, the scalability of IRD-developed technology to large-format focal plane arrays has been amply
demonstrated by the 40-channel integrated analog-digital-photonic converter; the converter was
completed, tested, calibrated, and delivered to the Phased-Array Feed (PAF) program this year. The IRD
team has worked closely with the PAF group and the team in Green Bank, who have successfully
incorporated the unformatted serial-link concept into their CASPER-based back-end. In the latter
application the re-timing buffers are internal to the FPGA in contrast to the IRD development
environment, where deserialization is done by an external interface card.
The Reflectionless Filters themselves have proven to be a viable commercial technology, with the
Licensing Agreement between NRAO and Mini-Circuits now fully executed, and the Filters named "Most
Valuable Product" in the August issue of the Microwave Journal. Although, at the time of this writing, the
product line has only barely been launched by Mini-Circuits, initial commercial interest from industry has
exceeded expectations, and Mini-Circuits applications engineers reported that the project remains the
top priority of the company's founder and CEO. The Observatory has already received a small income
from this effort in the form of patent expense reimbursements, execution fees, and extensive consulting
fees for continuing development of the product line, but this is believed to be only a fraction of what will
be flowing in once the full catalog of existing models goes online.
Finally, a number of new patent applications have been filed this year as a direct outcome of IRD work,
both in the U.S. and abroad. These include advanced high-frequency versions of the reflectionless filters
using transmission lines, as well as a novel decade-bandwidth horn (single-polarization) that may have
commercial applications in submm-wave to THz quasi-optical sources and detectors.
Phased Array Feeds: Significant progress has been made in the R&D program for phased array feed
(PAF) technology. The program has supported R&D activity as well as the construction and testing of a
complete working PAF system consisting of a cryogenic L-band PAF receiver, downconverter and fiber
optic link, data acquisition system, telescope software, and software correlation and beamforming.
Presently, the system is being upgraded to improve system noise and efficiency, as well as dynamic range,
linearity, and bandwidth. The bandwidth upgrade includes a collaborative effort with the “Beamformer”
project, an NSF ATI program between NRAO-West Virginia University (WVU) and Brigham Young
University (BYU) to build a real-time digital backend for L-band phased array science.
In FY15, the following milestones were achieved:



A critical system engineering issue was detected and fixed in the PAF system, leading to
improved noise correlation in the dipoles of the phased array.
Subsequent PAF testing on the GBT in January 2015 had much improved results, now
summarized in NRAO Electronics Division Internal Report (EDIR) #326 “Summary of January
2015 PAF Observations with the GBT, Results and Comparison with PAF Model.” Results of
note include:
o Significant progress was made on instrumentation upgrades as follows:

Low-Noise Amplifiers: A new dual low-noise amplifier has been designed, fabricated
and tested. The initial prototypes have measured noise temperature of 7.5K. These
are now being constructed for all 38 channels of the L-band PAF.
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Digital Downconverter: A digital downconverter is replacing the existing fiber link and
analog downconverter rack. This is a 40-channel module constructed as a set of five
“blades” of eight channels each, with 150 MHZ bandwidth and a digital fiber
transmitter at 2.5 Gbps.
Digital Photoreceiver Cards: A custom design to interface between the fiber digital
link and a Roach2 backend, five cards with eight channels each.
Roach2 Firmware: In coordination with the Beamformer project, firmware has been
developed to demultiplex the 2.5 Gbps data stream, perform byte alignment, and
implement a polyphase filterbank and I/Q conversion to upper and lower sideband
conversion.
A study of the effect of increased spacing of dipole elements to enhance the L-band
PAF’s field of view on the GBT.

Hydrogen Epoch of Reionization Array (HERA): The HERA is a scientific road map investigation
aimed at exploring the large-scale structure in the baryonic universe via the 21cm line of hydrogen.
The first prototype HERA 14 meter diameter parabolic dish antenna was constructed in Green Bank. A
feed, based on the PAPER sleeved-dipole design, was developed and evaluated. The beam pattern at
137.5 MHz was measured using the ORBCOMM downlink signal beam-mapping system developed at the
NRAO in collaboration with MIT. The reflection coefficient at the feed terminals was measured over the
100-200 MHz band using a Vector Network Analyzer. CST-based modeling was performed and agrees
well with the measurements. Concerns about the impulse response of the feed/antenna system and its
impact on EoR science measurements are currently being studied.
Dark Ages Radio Explorer (DARE): DARE is a proposed lunar orbiter mission intended to detect the
highly-redshifted 21-cm hyperfine transition of neutral hydrogen to track the formation of the first stars,
black holes, and galaxies by studying their impact on the intergalactic medium during the end of the Dark
Ages and the subsequent Cosmic Dawn (redshifts 11-35). Using the moon as its RFI shield, DARE will
uniquely complement the efforts of the Wilkinson Microwave Anisotropy Probe.
The DARE SMEX proposal, led by PI Jack Burns of the University of Colorado, was declined by NASA.
However, work continues toward preparations for a full Explorer-class mission, the proposal for which
is due in early 2017. A radiometer instrument package capable of part-per-million accuracy in
measurement of the power spectrum over the 40-120 MHz band is being developed. Work is being
concentrated in three areas: 1) development of a high precision gain calibration system, 2) use of
dynamic polarimetry for improved foreground isolation and measurement, and 3) an improved antenna
design. The development effort combines modeling and simulations together with prototype evaluation.
Graduate student and NRAO Reber Fellow B. Nhan will be involved in this work.
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6 SCIENCE SUPPORT & RESEARCH
The NRAO Science Support and Research (SSR) department coordinates, aligns, and manages the
collective efforts of the three NRAO sites — Charlottesville, Virginia; Socorro, New Mexico; and Green
Bank, West Virginia — to support science users of NRAO facilities, to broaden the Observatory’s
impact through education and visitor programs, and to oversee the research and performance of the
scientific staff. It does so through two 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.

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 for internal used and to
report various metrics to the NSF, to AUI, to external review committees.
SSR also oversees the research activities of the NRAO scientific staff, staff performance review, staff
development activities, the Jansky Fellowship program and postdocs, and various other scientific
activities such as the Jansky Lecture, scientific meetings, colloquia, and seminars.

6.1

Telescope Time Allocation

The Telescope Time Allocation (TTA) group is responsible for overseeing the process, and for providing
the tools, 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
JAO.
The NRAO NA proposal process is common to all three telescopes. It is semester-based with nominal
proposal deadlines of February 1 and August 1 annually, or the nearest Monday to these dates should they
fall on a weekend. All proposals are evaluated on the basis of scientific merit by eight Science Review
Panels (SRPs), each covering a different category of scientific inquiry. SRP members are recruited from
the scientific community for typical term of four semesters, or two years. All proposals are also reviewed
for technical feasibility by members of the NRAO scientific staff. Scientific and technical reviews are
forwarded to the Time Allocation Committee (TAC). The TAC consists of the chairs of the SRPs and is
charged with recommending time allocations to the NRAO Director. After consideration of TAC
recommendations by the Directors Review, disposition letters are sent to proposers and the approved
science program is posted online.
TTA is also responsible for gathering the requirements for the software tool suite used in support of this
process, conveying those requirements to Data Management and Software (DMS) department for
implementation, and testing and validating new releases of these tools by DMS. The tools include the
Proposal Submission Tool (PST), used for proposal preparation and submission, and for management of
the science and technical review process; and the Proposal Handling Tool (PHT) and the Green Bank
Session Editor (GBSE), used in support of the TAC meeting, as well as other tools: e.g., sensitivity
calculators and the Proposal Finder Tool (PFT). Finally, TTA is responsible for ensuring that the necessary
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documentation in support of all TTA activities and tools is available and up to date. Documentation
supporting ALMA Calls for Proposals (CfPs) is currently handled through Science User Support in
coordination with the NAASC.
Calls for Proposals (Q2, Q4 FY15)
The NRAO issued the CfP for semester 2015B in Q2 FY15 (2 Jan 2015), with a proposal submission
deadline of 1 Feb. The CfP for semester 2016A was issued early in Q4 FY15 (1 Jul 2014), with a
proposal submission deadline of 3 Aug 2015. The ALMA Cycle 3 CfP occurred in Q2 FY15 (24 Mar
2015) and was coordinated through the JAO and the regional centers. The proposal submission deadline
was in Q3 FY15 (23 Apr 2015).
Proposal Review (Q2, Q4 FY15)
Proposals for semester 2015B were reviewed for scientific merit by the SRPs and for technical feasibility
by members of the NRAO scientific staff in Q2 FY15. Similarly, proposals for semester 2016A were
reviewed in Q4 FY15. Members of the NRAO SRPs typically serve for two years, or four semesters.
New SRP members are recruited during Q1 and Q3 of each fiscal year.
Time Allocation (Q1, Q3, FY15)
The TAC met to recommend time allocations for semester 2015A in Q1 FY14 (21-22 Oct 2014) and
met to recommend time allocations for semester 2015B in Q3 FY15 (27-28 April 2015).
Software Requirements and Testing (Q1-4, FY15)
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,
the implementation and testing of PST features occurred in Q1 and Q3 of FY15, whereas the
implementation and testing of PHT/GBSE features occurred in Q2 and Q4 of FY15.
Documentation (Q2, Q4 FY15)
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.

6.2

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 mission of the SUS group is to increase the scientific user base of NRAO facilities beyond
traditional radio astronomers and working with DMS, to provide the scientific support necessary for
users to access, reduce, calibrate and analyze their data as well as to help the community generate new
and innovative ideas for science by fostering cross-disciplinary and cross-field ideas and techniques.
To this end, the SUS group includes Community Education and Outreach services, which comprise faceto-face visitor support/data reduction visits, Helpdesk support, Knowledgebase articles, Science Forums,
Astronomy Community Days; Science meetings and conferences, Science Web content and the NRAO
user portal interface, User Documentation, Workshops and Tutorials, Online training and educational
material. In addition, as part of its education services, SUS oversees the NRAO student programs,
including the REU and NRAO summer student programs, co-op students, undergraduate and graduate
student interns, and Reber pre-doctoral fellows, and Student Observing Support.
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SUS also supports certain user data and scientific software services, including assistance with manual
data reduction, pipeline testing, and requirements definition for a number of projects, recently including
the Archive Access Tool/ALMA Science Archive (AAT/ASA) user interface, the integrated science
portal, and the integrated helpdesk. Other data services – notably, scheduling block validation, pipeline
data processing, pipeline heuristics development, and the associated QA – are coordinated with the
sites.
Education, Training, & Outreach (Q1-Q2 FY15)
The NRAO organized half a dozen Community Day Events during the first two quarters of FY15 in
advance of the ALMA Cycle 3 proposal submission deadline. Data reduction tutorials were also staged
in Socorro and Charlottesville. These are summarized in the table below.
Community Day Event

Location

4th VLA Data Reduction Workshop
NRAO CDE at the 46th DPS Meeting
NRAO CDE at the Universidad Nacional Autonoma de
Mexico Morelia
NRAO CDE at the Florida Institute of Technology
NRAO CDE at the Star and Planet Formation Workshop
NRAO CDE at the University of California, San Diego
NRAO CDE at the Space Telescope Science Institute
ALMA Data Reduction Party

Date

Socorro, NM
Tucson, AZ
Morelia, MX

Oct 27-31, 2014
Nov 13, 2014
Feb 26-27, 2015

Melbourne, FL
Oracle, AZ
San Diego, CA
Baltimore, MD
Charlottesville, VA

Mar 9-10, 2015
Mar 27, 2015
Mar 31-Apr 1, 2015
Apr 13-14, 2015
May 6-8, 2015

Scientific Workshops & Conferences (Q1, Q2, Q4 FY15)
The NRAO hosted, organized, or participated in a number of science meetings, community day events,
splinter sessions, and workshops.
Meeting

Location

Filamentary Structure in Molecular Clouds
Revolution in Astronomy with ALMA
U.S. Radio Futures: Building from ALMA & VLA
AAS Splinter Session on NRAO New Capabilities
AAS ALMA Plenary Session
AAAS Science Symposium on Galaxy Assembly
Star and Planet Formation Workshop in the Southwest 1
NRAO Postdoc Symposium
The Future of Planetary Radio Astronomy with SingleDish Telescopes
NAIC/NRAO Single Dish School
NRAO NAASC Interferometry School
2015 ALMA Summer School
High Frequency Science Workshop

Date

Charlottesville, VA
Tokyo, Japan
Seattle, WA
Seattle, WA
Seattle, WA
San Jose, CA
Oracle, AZ
Socorro, NM
Green Bank, WV

Oct 10-11, 2014
Dec 8-11, 2014
Jan 4, 2015
Jan 6, 2015
Jan 8, 2015
Feb 15, 2015
Mar 23-27, 2015
Apr 6-8, 2015
Jun 9-10, 2015

Green Bank, WV
Green Bank, WV
Penticton, BC
Green Bank, WV

Jul 5-10, 2015
Jul 12-14, 2015
Aug 17-21, 2015
Sep 21-23, 2015

Software Requirements & Testing (Q1, Q3, FY15)
Science requirements were developed for the integrated helpdesk in Q1. The requirements for the
integrated science portal and their review were delayed by one quarter, to Q3. Software testing of the
Reprocessing Pipeline Interface and NRAO Archive was significantly delayed due to loss of key DMS
staff and underestimation of the integration work involved in moving from a prototype through testing
to a production system. A testable NRAO Archive and separate RPIs for the EVLA and ALMA are
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anticipated in August 2015. Hence, SSR testing will be completed during Q1 of FY16. The POP16 has
been updated to reflect this. See also DMS POP Milestone 7.4.34.
User Documentation (Q1, Q3 FY15)
User documentation was updated for ALMA Cycle 3 proposal preparation and for 2015 releases of
CASAGUIDES, as well as for the helpdesk.
Broadening Impact (Q2-Q4, FY15)
All POP15 milestones were met for NRAO student programs. A total of 30 students participated in the
REU summer student program, the National Astronomy Consortium (NAC) program, the Physicists
Inspiring the Next Generation (PING) program and the University of Texas Rio Grande Valley
(UTRGV). The UTRGV MOU supports the Spacecraft Tracking and Astronomical Research into Gigahertz Astrophysical Transient Emission (STARGATE) program.. An additional ten early-career graduate
student interns were mentored by NRAO staff in summer 2015. A total of 25 graduate and
undergraduate summer students from the 2014 program attended the AAS meeting in Seattle in January,
2015. One student, Kristin Luchsinger, wona Chambliss award for her research.
Undergraduate Student Programs
The long-running (since 1959) NRAO summer student program continues to be very successful. This
10–12 week program allows 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. The program has increased in size and has several components: the NSF REU program, the
National Astronomy Consortium (NAC) program, the Physicists Inspiring the Next Generation (PING)
program, and engineering student support through STARGATE. Interest in these programs is strong,
with 192 applicants for Summer 2015 (52.6% male; 45.3% female; 17.2% URM). Outstanding students
that are otherwise ineligible for support by the REU program, the NAC, or PING (graduating seniors,
foreign students, and early-career graduate students) are supported by NRAO operating funds (see next
subsection). We were able to support 15 REU students in summer 2015.
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 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. We supported 10 NAC students in the summer student program in FY15,
five in Charlottesville and five in Socorro. two students in Green Bank were also supported through
PING and a number of students at the CDL through the Stargate MoU. All told, a total of 30
undergraduate students participated in a combined summer student program that shared lectures,
workshops, and other activities.
The NRAO runs a modest 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. Two co-op students were supported in Socorro and one was supported in Green Bank in
FY15.
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
NRAO | Annual Progress Report FY2015

54

weeks to a semester. Five undergraduate interns were supported in Socorro in FY15, including one
Hispanic student funded by the Office of Diversity and Inclusion.
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. Ten early career graduate
student interns were mentored by NRAO staff in FY15.
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. A total of ten
Reber Fellows were active in FY15, funded through SSR or the NAASC.
Finally, 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 FY15 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. Unfortunately, due to budget pressures, SOS support in
was suspended for VLA, GBT, and VLBA observers in FY14 and FY15. In FY15, a supplemental call for
SOS support of ALMA Cycle 2 proposals was made, the original call having been made in FY14. A total
of 11 additional SOS awards were made.

6.3

Science Support and Research Services

The NRAO Library and Historical Archives
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 FY15.
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
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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 the NRAO 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
The metrics database, available to all internal staff via a simple web interface, contains data used for
contractual reporting to the NSF with consistent information pertaining to the operation of all
telescopes: ALMA, GBT, VLA, and VLBA. The database is also used to provide monthly reports to
NRAO management. Also the metrics suite in support of Annual reports are generated and made
available on the web. The information is gathered by differing means, from fully automatic to semimanual.
A single web site was created to direct all NRAO internal metrics queries pertaining to non-business
functions. The requirements were released at the end of FY15 Q2 and the full implementation was
deployed in Q3.
See Appendix C.

6.4

NRAO Scientific Staff Support

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 80 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, 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. SSR oversees the Jansky postdoctoral program and project postdocs. Finally, SSR also
oversees adjunct appoints at NRAO, the colloquia at NRAO sites, and the Jansky lectureship.
NRAO Postdoctoral Fellows
SSR 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,
Walter Max Moerbeck, Jennifer Donovan-Myer, Adam Kobelski, and Sam Bates were NRAO project
postdocs in FY15.
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 for FY2016 was initiated in Q1 FY15 and concluded following the AAS
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meeting in Q2 of 2015. Two new Jansky Fellows were selected: Tanmoy Laskar (Harvard) and Dustin
Madison (Cornell). Jansky Fellows in FY15 were:
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

Visitor Support
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 was been
suspended as a result of budget pressures except for those supported by the NAASC. The NAASC
supported one sabbatical visitor (S. Terebey, Cal State Los Angeles).
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7 DATA MANAGEMENT AND SOFTWARE
The NRAO DMS department in FY15 sustained key contributions to the science goals of NRAO. The
new NRAO archive interface and reprocessing capability was deployed for testing. Pipeline capabilities
were further enhanced, most notably through the further development of imaging capabilities, but also
including operational improvements such as automatic invocation of the calibration pipeline for the VLA.
The ALMA Systems group supported Cycle 2 observing, while preparing the needed capabilities for later
cycles (subarrays, fast-scanning/nutator). As ALMA moved into routine operations the emphasis
continued to shift from adding new features to improving system stability, reliability, and diagnostic
information. The Green Bank and New Mexico Systems groups provided support for observing and the
planned new observing capabilities, including for the very high data rate VEGAS spectrometer. NRAO
has made its computing facilities available to the external community through direct cluster access.
CASA High Performance Computing (HPC)/parallelization facilities have been developed and are
currently undergoing testing and verification. DMS continues to investigate and roll-out common crossobservatory technologies and services.

7.1

Scientific Information Services

The Scientific Information Services (SIS) division is matrixed into the Information Technology (IT)centric Computing and Information Services division. This enables transparent sharing of highly skilled
Information Services resources for both telescope supporting science responsibilities (SIS), as well as
general staff IT support duties (CIS). There are five major functional groups in SIS:
Computing Operations (NAASC, NM, GB): These (site centric) groups directly support the day-today telescope operations and reliable delivery of data to the archive. They ensure that telescope
capability development projects are appropriately staffed, with resources being assigned based on
commitments and timelines defined within the POP and at the site. Project and milestones for these
resources are tracked under the appropriate telescope support sections.
Archive and Cluster Processing: This group is responsible for the support of the production archive,
parallel processing clusters, and user storage resources needed in support of pipeline processing and
science data analysis. It defines their operational model for these shared resources (e.g. with batch and
resource scheduling) and works closely with the Software Division. There is substantial staffing and skills
overlap with Common Computing Environment (CCE) Unix (CIS). This group will ensure sufficient
storage is provisioned to keep up with observations, and within the budget envelope.
Science Computing Infrastructure: This group provides technology driven Computer Engineering
support, and is tasked with delivering the next generation of data processing solutions, working in close
cooperation with the Software Division, CDL and external CyberInfrastructure partners (e.g. XSEDE,
National HPC centers, Internet2/REUNA). This group is responsible for escalations from Archive and
Cluster Processing and CIS in the event of systematic performance issues with the production
infrastructure.
Science Portal Service: Responsible for the installation and management of the Observer facing
services obtained from external entities (e.g. Kayako Helpdesk, ALMA Science Portal, NRAO User
Forum). It is also responsible for the Observer identity/permission Database and the close integration of
the service access they enable. This group is managed under the Software Division, working closely with
SIS.
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Wide-Area Networking: Science data capacity driven group responsible for provisioning the long-haul,
high bandwidth, connectivity to deliver reliable throughput in support of observation data delivery.
Operational support for commodity circuits will be handed off to Communication Services (CIS) once a
network service has been accepted into production.
The following sections outline the activities and milestones coordinated by SIS, to ensure an optimum
computing, storage, and communications environment for staff and users of NRAO telescopes as well as
providing agile service support for an active research and development program.
FY2015
Helpdesk Integration: For expedience during the go-live for the VLA and the multi-ARC
implementation of ALMA Observer support, two separate instances of the same Kayako commercial
helpdesk software were delivered. During FY14, the key components for Observer account association
and Single Sign-On (SSO) were delivered in ALMA, with support ESO. In FY15 the implementation of an
integrated observer helpdesk supporting all NRAO instruments and the three regions of ALMA (North
American, East Asia, and Europe) was implemented, ensuring appropriate Knowledgebase (KB) views,
depending on observer affiliation.
NAASC Observer post-processing access: Following the success of the VLA cluster access initiative in
FY14, the NAASC cluster has been expanded (from 40 to 64 nodes) in order to support PI data
reduction workload for both interactive and pipeline tasks, and is now available for access.
Network enhancement: In FY15-16 a campaign of bandwidth enhancement is underway with two
objectives: to increase the major site bandwidth (Charlottesville (CV), New Mexico (NM)) to 10 Gb/s to
align with Green Bank, and to provision fiber access to at least three additional VLBA sites, to
>200Mbps as funds become available.
Externally hosted resource access evaluation: Due to the projected rise in demand for PI data
processing resources, NRAO is evaluating options to mitigate contention for internal computational
resources: e.g. XSEDE, Pittsburgh Supercomputing Center Blacklight/Storage SuperCell, and Amazon
Elastic Compute Cloud for CASA. A key component of this work will be the evaluation of federated
identity solutions to allow for transparent access between Service Providers e.g. XSEDE/Globus.
Multi-core evaluation: In support of parallel algorithmic development, SIS purchased a multi-core
evaluation system hosting both an Nvidia GPU and Intel Many Integrated Core (MIC) co-processor
architectures. A system was configured in FY15 in order to inform future strategic shift to support this
processor rich environment, in an input/output intensive regime that typifies observational radio
astronomy data analysis. Evaluation is ongoing.
Disaster Recovery measures for Lustre: As the reliance of NRAO on massive storage arrays increases,
the potential for catastrophic data loss must me managed. In Q3 FY15, SIS evaluated options for low
cost backup solutions, and will be implementing solutions as funding allows in FY16.
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7.2

System Software

FY2015
ALMA System Software
NRAO is responsible for delivering software to the JAO as part of the ICT. The ICT is staffed by
personnel in all three ALMA Executives and the JAO. In North America, some work is provided by the
National Research Council of Canada for the ALMA Archive Subsystem. This contribution is technically
managed by ESO and is not described here.
The bulk of the work done at NRAO by the ALMA System Software group consists of Offsite
Maintenance and Repair, which in the ALMA Operations Plan version D is described by the OFF-004
budget line. In addition, the ALMA System Software group is responsible for the NRAO software (not
firmware) contribution to the ALMA Phasing Project.
The NRAO ALMA System Software group contributes to the following ALMA ICT work areas:
 Control/Correlator Software. This is the software that controls and monitors all the ALMA
equipment excluding the ALMA Atacama Compact Array correlator. It interprets the
scheduling blocks and converts them to low-level commands that are sent to the hardware at
the appropriate time. It collects the data requested by the observer, does some postprocessing to reduce data volume and writes it to the archive for use by the data reduction
software. It also collects data for performance monitoring of all equipment. It includes many
online GUIs, including the quick-look display screens. It includes the NRAO contributions to
the ALMA Phasing Project. This software is entirely the responsibility of the NRAO.
 Scheduling. The NRAO is responsible for the software that dynamically selects what to
observe based on current observing conditions and hardware availability. The dynamic
scheduling parameters and weights are the responsibility of Division of Science Operations
(DSO). A more limited mode of this same software allows an observer to queue observations
or manually specify each observation. This software allows observers to specify which
antennas are to be used for each observation by defining one or more arrays. The scheduling
algorithms in this software are also used in an offline mode to aid in observation planning. This
functionality is entirely the responsibility of the NRAO.
 Other. NRAO makes other software contributions to the JAO, including a contribution to
overall ICT management, software testing, and modest (0.5 FTE) contributions to various
operations GUIs (primary responsibility ESO).
It should be understood that the planning priorities for this group are the responsibility of the JAO; in
particular the Science Operations IPT, led by the DSO, defines the priorities. The below items represent
only the highest priority items or summarize items which in details are split into several sub-items.
Because ALMA is moving into full science operations, the focus during this planning cycle was on
improving operational stability. The FY15-delivered items for the ALMA System group were as follows:
Fall 2014 Release: Improved Operations support, added fast scanning capability, implemented focus Zaxis correction to use temperatures from antenna metrology sensors, added sequencing to the total
power processor.
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Spring 2015 Release: Improved Operations support, added baseline correlator sub-array capability,
delivered a new a QuickLook graphical user interface, added flags into the ALMA Science Data Model
(ASDM) Flag table, improved control error handling and reporting, added WVR parameters and
completed the ALMA Phasing Project.
Scheduling: The ALMA Dynamic Scheduling tool was deployed to production in FY15, and is intended
to be the primary scheduling tool for Cycle 3.
VLA/VLBA System Software
VLA/VLBA system software functional priorities are defined by New Mexico Operations within resource
limits provided by DMS. DMS is responsible for non-functional prioritization, e.g. software maintenance
items, technology choices, and similar.
VLA/VLBA Support for Commissioning and Observing in semesters 2014B, 2015A, and 2015B: The
new capabilities described in the FY15-16 POP sections 3.1.2 and 3.2.2 were supported in the system
software for the two telescopes. This included completing the VLA Atmospheric Phase Interferometer
and weather station operators’ screens, implementing VLA frequency averaging in the correlator backend, and software support for new VLA HSA observing modes as required.
VLA: Integrate VLITE into Operations: Software development and maintenance support was provided
for the integration of VLITE operation into normal VLA operations. Much or most of the software
required was already in place by the end of the VLITE construction project; however, integration into
VLA operations required some software modifications and changes to databases used in VLA
operations.
VLA: Make frequency averaging operational: Frequency averaging in the VLA correlator became an
operational capability. This capability will enable the reduction in visibility data rates from the correlator
for continuum observing.
VLA: Write pointing table: The Science Data Model pointing table can now be written by the VLA
MCAF sub-system when required. Final requirements for what goes into the pointing table other than
the AZ & EL positions are being developed. The pointing table will be needed in support of the VLASS
program, during solar and planetary observing, and for the implementation of more capable tipping
scans.
VLBA: Deploy new operator Graphical User Interface (GUI): A new operator GUI for the VLBA
was deployed for evaluation. The new GUI is based on updated Java technology, and incorporates
improved operator access to site data at each VLBA station, and improved browsing and graphing of
real-time monitor data.
VLBA: VME Replacement: As part of the effort to replace the VME control computer functionality,
software support for on-site testing of VLBA M450 interface box was provided. In addition, the initial
design and development of the VME monitor data stream replication software through control
computer to VLBA monitor data archive has been completed.
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GBT System Software
GBT system software functional priorities are defined by West Virginia Operations within resource
limits provided by DMS. DMS is responsible for non-functional prioritization, e.g. software maintenance
items, technology choices, and similar.
Modify Astrid To Use Streaming: The Astronomer's Integrated Desktop (Astrid) is a single, unified
workspace that incorporates the suite of applications that can be used with the GBT and is the primary
observer’s interface. As a continuation of the streaming work to support VEGAS from FY14, plans were
made to modify Astrid to use streaming. However, at the astronomers’ request work was done in FY14
to support VEGAS commissioning, resulting in a separate tool built on streaming, the VEGAS Data
Display. This has reduced the need and the priority for incorporating this functionality in Astrid, so this
milestone was canceled. The Astrid work may be rescheduled in 2016 if resources are available.
Operations Software: The Green Bank Operations Division uses a web application to log and report
on detailed GBT usage. The application uses obsolete technology, is undocumented and is currently
unsupported by any GBT employee. In FY14 Q3 a resource was assigned to begin gathering
requirements in preparation for re-writing the application. The new system will utilize the same
technology used by all GB web applications as well as provide the same features and appearance. This
effort has continued through FY15 with final delivery in FY2016.
VEGAS Pulsar Modes: The project will implement pulsar modes in the VEGAS spectrometer. This
effort began in FY15 and is expected to complete in early FY2016. Note that as GUPPI is still available
for pulsar observations but with fewer capabilities than will come with VEGAS, we consider this item to
have high ultimate science priority, but is not currently urgent.
National Radio Quiet Zone Software: This projected 1.5 year project will replace and optimize the
existing system used for propagation path analysis within the National Radio Quiet Zone and West
Virginia Radio Astronomy Zone (WVRAZ), allowing for more accurate and rapid response to all NRQZ
applicants. The project was canceled for 2015 due to the lack of a science resource to provide
requirements. This situation is expected to be remedied by hiring in FY2016, so the start of the project
has been rescheduled in the FY2016 POP. Green Bank personnel will pursue this work following the
priorities that come from operations.
Monitor and Control System Release: The annual GBT monitor and control system software release
consolidates “patches” made to the system throughout the course of the year, validates the revision
control system, and provides an opportunity to prune obsolete subsystems. The release was scheduled
for FY15 Q4, but was delayed due to the need to address operational priorities, in particular VEGAS
support and operations log development and cross-training. It has been rescheduled for FY2016 Q2.
CLEO Port: To exploit the full powers of the GBT system, observers and staff members require
intuitive user interfaces. CLEO, a set of applications providing one of the two main graphical user
interfaces that have been built for the telescope, is designed for very detailed monitoring and debugging
of telescope components. CLEO is implemented in Tcl/Tk, and is now approximately 20 years old. This
effort will port CLEO to C++/Python, languages used by all current GBT monitor and control system
software, using Qt as the widget toolkit.
A project proposal for this work was submitted to the WVU Engineering division for consideration as a
Senior Capstone project. Initial work was completed as part of updating the system design. Technical
options were evaluated, the technology validated, the high level architecture defined, and a milestoneNRAO | Annual Progress Report FY2015
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based project plan created. Unfortunately, the project was not selected by WVU students and thus
resources were not available to implement the project. The work was judged to be lower priority than
operational work and other GB POP goals, and no DMS resources were available, so this milestone was
canceled.
GBT Pipeline: In FY15, DMS completed pipeline work to support the highest non-pulsar VEGAS data
rates necessary for mapping. This used the GBT streaming infrastructure and involved parallelization of
the data stream.
The capabilities and use-cases of the GBT Pipeline were expanded in FY15. Working with the GBT
Scientific Staff, a prioritized list of improvements needed for expanding the role of the GBT Pipeline was
developed. These improvements included user interface enhancements, additional mapping use cases,
handling of more VEGAS modes, and imaging without requiring AIPS. Work on data-flagging began in
2015 but has not yet been included in the pipeline.
The environment and resources available at the Pittsburgh Supercomputing Center (PSC) was evaluated
for potential use by the GBT Pipeline. We successfully installed and processed data with the GBT
Mapping Pipeline in the PSC environment, and provided feedback to PSC on configuration
considerations and utility of the environment.

7.3

Software Development

This section contains user-facing software developed at the NRAO, with the exception of GBT postprocessing software which is described in GB System, above.
FY2015
CASA: Development of CASA, the NRAO post-processing software, continued to emphasize support
for the VLA and ALMA, unlocking the scientific potential of these world-leading telescopes. During
FY15, NRAO continued to add capabilities and support the evolving understanding of the requirements
of these forefront telescopes.
CASA version 4.3 was released to the public in Q1 FY15. This release expanded the capabilities of the
CASA-based pipeline, and improved the handling of weights throughout the package. CASA 4.4
introduced the Calibration Library in plotMS, cutting disk space requirements by approximately one
third, and will support data reduction and the pipeline for the VLA 2015B semester.
The external CASA Users Committee provided valuable feedback to the CASA team, including emphasis
on improved communication and focus on robustness and reliability. The CASA team executed a user
survey at the committee’s suggestion gathering information on the requirements of the user community
directly. The first edition of the CASA newsletter was published and distributed internationally,
establishing a new flow of information from the CASA team to the user community.
The international CASA development team, led by NRAO, continued to increase support for single dish
data reduction and high performance computing capabilities. Integration of CASA parallel capabilities
with the standard reduction pipelines was completed and testing and verification are ongoing. The team
has continued to support and develop new imaging and calibration algorithms through a close
connection to the NRAO algorithm research and development group (ARDG). The delivery of the AWProjection imager for use by the community is the culmination of one such initiative. CASA's connection
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to the wider radio community continues to grow with collaborations such as the CARTA and ADMIT
teams.
CASA Pipeline: The CASA pipeline was used throughout the ALMA Cycle 2 data reduction for
calibration of standard modes of observing, while undergoing continued development and
commissioning. Over 70% of standard mode projects were delivered based on the pipeline calibration,
although in most cases additional manual flagging was required. Pipeline reduction, and the subsequent
reference imaging were conducted at the NA ARC (as well as at the other regional centers). Both
interferometric and single dish observations are currently supported by the ALMA pipeline, although
only the interferometric calibrations have been accepted by the ALMA project. Single dish capabilities,
primarily the responsibility of the National Astronomical Observatory of Japan (NAOJ) partners,
underwent acceptance testing in late FY15.
The VLA continuum Stokes I calibration heuristics in the CASA pipeline underwent validation during the
first half of FY15, and the CASA pipeline became the production VLA calibration pipeline in early Q4. As
a result, both ALMA and the VLA are using the CASA pipeline for calibration in production. The pipeline
focused heavily on imaging throughout the FY15, although improvements in the calibration pipeline were
made as well.
Proposal Submission Tool: The PST was updated to support required functionality for the 2015B and
2016A calls for proposals. New functionality that was needed for those calls is described in the FY15-16
POP sections 3.1.2 and 3.2.2.
Proposal Handling Tool: The PHT was updated to support required functionality for the TAC
meetings for the 2015B and 2016A observing semesters.
Observation Preparation Tool: The OPT for the VLA was updated to support new instrumental
capabilities during each observing semester. This included support for commissioning (including RSRO)
observations, and, once commissioned, for general observing. Updates for commissioning occur in the
semester prior to when they are needed for general observing. New capabilities for the VLA, along with
their status for the 2014B, 2015A, and 2015B observing semesters are listed in the FY15-16 POP section
3.1.2.
New NRAO Archive and Reprocessing: The first phase of the new NRAO Archive was delivered for
testing in FY15 along with the ability to reprocess retrieved datasets. The Archive/RPI retrieves data
from all NRAO telescopes including ALMA, and allows reprocessing of VLA and ALMA data through a
single user interface.
Tool Redesign: This project was to review the current design of user facing tools, in particular the PST,
PHT, and OPT. Recent user and time allocation review committee feedback provided usability and
performance improvement suggestions for the tools. It is believed that an approach which identifies and
combines common functions between the tools may be a productive way to make the toolset both
more functional and easier to use. Some progress was made in FY2105, but due to resource limitations
(resources focused on archive and reprocessing development) and a lack of clear science requirements,
this milestone was rescheduled for FY2016.
Mobile: In collaboration with the EPO team development on an NRAO mobile app was begun. The
primary purpose of the app is to educate the public about NRAO using videos, animations, illustrations,
panoramas, audio, and behind the scenes shots. During FY15 the DMS software team focused on an
NRAO informational iOS mobile app, with delivery scheduled in FY2016.
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Testing: The scope of CASA automated testing was expanded to include all supported platforms and
multiple code branches. Testing for ALMA control and correlator software was migrated to the ALMA
ICT (Chile) as agreed, with provisions to keep NRAO code development and unit testing coordinated
with the ICT.
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8 PROGRAM MANAGEMENT DEPARTMENT
In FY15, the Program Management Department (PMD) focused on operating, documenting processes,
auditing, and optimizing. PMD continued to provide qualified, formally trained and experienced program
and project managers, and systems engineers to both internal and work-for-others (WFO) projects.
PMD staff provided 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.
PMD Standard Operating Procedures (SOP), Work Instructions (WI), and Templates were developed
and formalized in FY15 per the plan. The SOPs provide information as to NRAO-specific processes, that
utilize standard PMI and INCOSE processes. They include the purpose and benefit of the process,
inputs, actions and outputs, a process diagram, and Swim Lane Diagrams demonstrating departments
that interact with the process. The WIs provide step-by-step instruction as to how to implement the
process. Templates provide the format for the critical project management (PM) and systems
engineering (SE) processes identified in the SOPs. Each SOP underwent internal process auditing in FY15
to assess process integrity and quality.
In collaboration with CIS, PMD actively pursued and implemented revisions to optimize the SharePoint
capability. Working closely with Fiscal, Budget, 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 evolving the cost model that is used on proposals.
Workshops and training activities were provided throughout the year and at each site per the plan. In
addition, training on processes was done on an ad-hoc basis. These have been recorded and are available
on the NRAO internal PMD website.
PMD facilitated the development of the NRAO Program Operating Plan, the Quarterly Status Updates,
and the Annual Progress Report (APR). In addition, PMD facilitated throughout the year, internal and
external proposal development, projects, and WFO documentation as required and requested. It also
implemented and managed an Observatory-wide Risk Management process.
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9 NEW INITIATIVES OFFICE
Strategic Mission
The NIO facilitates strategic partnerships and collaborations with academic, government, and non-profit
organizations. Core activities for NIO in FY15 focused on continuing to develop and further expand
partnerships that sustain the scientific operations and unique technical capabilities of the VLBA and GBT.
FY15 Activities
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 at the MPIfR in June. The RA downlink receiving station, that makes use of NRAO’s 140foot antenna in Green Bank, has worked well since beginning operations late in 2013 and has significantly
enhanced the science reach of the spacecraft. NIO assisted with the renegotiation of the contract
between AUI and the Lebedev Physical Institute (RA’s scientific home) to extend the operation of the
downlink receiving station from June 2015 to September 2016.
Institutional Activities with the Shanghai Astronomical Observatory (SHAO): In 2011, NRAO and
SHAO signed a Memorandum of Agreement with the objective of fostering scientific and technical
collaborations in Very Long Baseline Interferometry (VLBI). NIO coordinated the visit of a SHAO PhD
student to NRAO-NM in May to discuss phase referencing and super-resolution, correlation of multiple
phase centers, and mode-dependent scaling of visibility amplitudes.
Institutional Activities with STARGATE: STARGATE is a cooperative effort between the Space
Exploration Technologies Corporation (SpaceX) and the University of Texas system. In January 2015,
NIO coordinated discussions between NRAO and STARGATE on possible collaborations in phased
arrays, low cost and low weight cryogenic systems, program management, and student exchanges.
New Initiatives Office Major Milestones
There were no milestones associated with NIO activities in FY15 as the work for this department is
preliminary, opportunist and reactive, and based on the evolving strategy of the NRAO.
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10 EDUCATION & PUBLIC OUTREACH
This was a year of great change for the EPO department, which saw both the departure of two
personnel in lead roles and the bridging of unprecedented new partnerships within and outside of the
Observatory. EPO leaves FY15 not only having delivered its major milestones but also having better
integrated into the operations and new initiatives of the Observatory.

10.1 STEM Education and Outreach
The Green Bank Science Center continued to be the flagship education and STEAM destination for
both the general public and K-16 learners. Successful STEM education grants received no-cost
extensions, and a new grant with West Virginia University to expand and broaden participation in the
Pulsar Search Collaboratory received funding. Skynet Junior Scholars and WV SPOT greatly expanded
the EPO reach, welcoming thousands of new learners, and STEM Ed staff published their results in the
international astronomy education research journal, Communicating Astronomy with the Public. Looking
ahead to a new suite of tours and programs, EPO increased staffing from five permanent year-round
staff to six in FY15, supplemented by three seasonal tour guides in summer.







GB General Visitors Total Attendance: 46,225 visitors
Group Visitors Onsite: 51 unique overnight groups, 1,840 students + ~1,000 other group
visitors
Special Events: 8 events onsite, 1,635 visitors
STEM Programs: Physicists Inspiring the Next Generation (PING), 16 students; West Virginia
Space Public Outreach Team (WV SPOT), 30 new ambassadors and 3,400 students and teachers
reached; Skynet Junior Scholars (SJS), 105 teachers/leaders and 9,100 radio observations made
with 20m telescope; Pulsar Search Collaboratory (PSC), 1,700 students reached, 106 teachers
trained, 2,151,270 pieces of data analyzed, 7 pulsars and one transient object have been
discovered by PSC students!
Summer Training: Chautauqua Teacher Training Workshop, 45 participants; SJS Youth Leader
Workshop, 16 participants; Support for Single Dish Summer School, ALMA Community
Workshop, REU Camp, NANOgrav Workshop, SARA meeting, ERIRA course

Figure 10.2-2: Three student scientists from the Pocahontas Science Fair
hosted by NRAO Green Bank in West Virginia.
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The VLA Visitor Center is undergoing an impressive evolution to enhance and expand the STEAM
learning experiences for onsite visitors. EPO as installed much-needed (but interstitial) updates to the
interpretive programs inside the exhibit hall, including new looping video with music, interactive kiosks,
and a new set of exhibit panels. Attendance is up 40% from last year, so the need for more tours on site
is now acute. During FY16 recruiting for talented clerks will begin to relieve the sole NM-based STEM
educator from sales tasks. EPO enjoyed increased engagement by NM-based scientific staff, and will be
integrating science staff involvement more into the tour schedule moving forward. The new VLA Visitor
Center project was re-envisioned mid-year to align more closely with visitor feedback and stakeholder
vision. Pilot projects are under development, and the program for enhancement of STEAM learning in
NM is being specified.






VLA General Visitors Total Attendance: 21,304 visitors
Group Visitors Onsite: 114 groups, 2,850 reached
Outreach to Regional Schools: 42 groups, 3,150 reached
Special Events: Oct 2014 Open House, 248 visitors; April 2015 Open House, 828 visitors; April
Enchanted Skies Star Party, 86 visitors; Currents New Media STEAM Ed support
Summer Training: National Astronomy Consortium (NAC) and NSF Research Experiences for
Undergraduates (REU) student tour guide training, 14 participants; Chautauqua Workshop, 10
participants

Figure 10.2-1: NRAO’s Eric Chavez engaging a roomful of students from the
Space Morning event in Socorro, New Mexico.
EPO’s Chilean-based educator has trained thousands of teachers using the Galileo Teacher Training
Program while also delivering several dozen news articles to regional papers this year and also
supporting new ALMA events onsite and within the community. In partnership with AUI, we helped plan
and support the first Chilean STEM Educators Summit and the pilot year of the Astronomy in Chile
Educator Ambassadors Program.
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The Charlottesville-based science visualization team produced dozens of multimedia-rich, scientisthosted videos about radio astronomy discoveries in the Solar System and in the Local Group of galaxies
surrounding our Milky Way for publication online this year. A recording studio was installed where role
model interviews are being conducted from across the disciplines at the Observatory, showcasing the
varied careers and career paths our diverse staff have pursued to arrive in their jobs at NRAO. A
Spanish language version of the ALMA Explorer was launched this year, and packaged both the VLA
Explorer and the Milky Way Explorer into kiosks that are now interactive exhibits at the VLA Visitor
Center. A new exhibit panel set and a new looping VLA introductory video for the exhibit hall was
produced. And EPO led the delivery of a Beta test version of a mobile app showcasing topics in NRAOfocused radio astronomy.




Digital Learning Products Published: 64 Explorer videos; 18 data visualizations; 14 press release
videos and 16 press release illustrations; 16 NRAO trading cards; 12 VLA trading cards; 6
animations; 10 exhibit panels, 2 videos, and 1 new walking tour sign at the VLA
STEM Programs: NAC student and mentor professional development, 24 participants; ACEAP
professional development, 12 participants
Outreach Events Supported Offsite: Jansky Lecture at the Paramount Theater, Virginia Regional
Science Fair, Ruckersville Science Expo, Star Party on the National Mall, Dominion Power and
Electric Career Fair, Piedmont Virginia Community College STEM Day, IAU 2015 STEM Events

10.2 News and Public Information
EPO delivered 61 news articles this year, showcasing a balanced portfolio of discoveries and innovations
from across the Observatory to the world. Voiced-over videos were included to selected news
packages this year as well as commissioned new animations from both internal and external animators,
which is increasing the readership. NRAO news articles were accessed via our online publishing sites
nearly 240,000 times, with actual coverage in other media outlets clocking in several orders of
magnitude higher. International television and online video exposure was greater than it has ever been,
included the BBC, and mostly focused on the Green Bank’s Quiet Zone.




Press Releases: VLA, 11; ALMA, 20; GBT, 9; VLBA, 1; NRAO, 5
Tip Sheet Items: ALMA, 1; NRAO/CDL, 1
Announcements: ALMA, 9; VLA, 1; GBT, 1; NRAO/CDL, 2

The NRAO public website received such extreme web traffic this year that the server was
overwhelmed a couple of times. EPO worked with CIS to install a new caching system that now allows
thousands of hits to popular press releases without damage to the bandwidth. Enhancement of the
public website has struggled with a lack of experienced Joomla! content management experts within the
Observatory, so a new Web Developer specializing in WordPress was recruited, and will begin work in
early FY16 to rebuild the content in the more widely used CMS.
Social Media numbers are continuing to increase, and the quarterly reach is consistently in the hundreds
of thousands of unique views. FY15 ended with over 65,000 total fans following the NRAO Facebook
and Twitter accounts.

NRAO | Annual Progress Report FY2015

70

11 COMPUTING & INFORMATION SERVICES
11.1 Observatory-Wide Support
CIS Helpdesk
As part of the observatory-wide alignment of CIS resources, a unified helpdesk has been implemented,
supporting staff with a simplified four-level priority scheme and the concept of ticket triage for improved
response. After cross training, this service is now leveraged for “follow-the-sun” support between
Eastern and Mountain Time Zones. In addition, it differentiates outages from standard support requests
and planned changes, thereby allowing staff and mangers to better prioritize and track their workload.
This work will be extended in FY16 by the introduction of Service Level Objectives, defining how long
each type of request should take, with an expectation of further improving time to resolution.
Common Computing Environments
The CCE coordinates and prioritizes NRAO-wide computing projects and initiatives between the sites,
facilitated by the annual system-administrators meeting and staff development via staff participation in
conferences and training events. A major objective in FY15 was the retirement of Windows XP, to
address Microsoft’s end of product support notice. A few key legacy systems are being maintained on a
secure/private network space to address the lack of security updates. In completing a review of
Windows 8 it has been decided to stay on Windows 7 for FY16, but aggressively evaluate the seismic
changes in support inherent in the new Windows 10 OS.
CIS performed a full requirements gathering exercise to configure and release a Document Management
System capable of servicing the needs for reliable storage and retrieval of key business and engineering
documents; supporting vision control, Document ID provisioning, approval workflows and validation
lifecycles. While this solution meets the vast majority of the needs of the observatory, in FY16 CIS/CCE
will evaluate a custom solution for managing Engineering designs to include product life-cycle concepts
as well as requirements fulfillment tractability and dependency tracking.
Communications and Network
With the successful installation of the 10Gigabit/sec link to the Green Bank site, it became clear that
both HQ (Charlottesville) and NM needed to move to multi-gigabit speed in the next two years to
support both general Internet access and Science Data delivery for large dataset access. In FY16 the
Charlottesville location was successfully moved to 2Gbps, and the order placed for 10Gbps into the
NM-DSOC location in partnership with NM Tech. In FY15 a cost/benefit analysis was performed along
with recommendations on which of the 8 VLBA sites still using legacy 1.5Megabit/sec T1 circuits could
be upgraded with project sponsorship. In FY16 it is anticipated that a total of 5 VLBA sites will be
connected to fiber infrastructure.
Computing Security
CIS now focusses its holistic risk management strategy along two complementary vectors: increased staff
awareness of cyber-infrastructure threats and increased monitoring of network payload for malicious
content. To mitigate the risk of malicious network activity over increasingly high capacity links, the Bro
Network Security Monitoring solution was implemented in Charlottesville HQ, with a sustained effort
on “securing the human” with multi-tier staff training now mandated. Instances of “ransomware”
showed a marked increase in FY15, being delivered through multiple mechanisms. Although no data was
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lost, it is clear that increased training and enhanced perimeter/end-point protection are needed to
manage this risk.

11.2 Site Specific Facilities Infrastructure
During FY15, critical maintenance was successfully completed on the NM computing facilities, including
the re-enabling of multi-stage fire suppression and maintenance on the UPS. In addition a 150kWatt
generator was provisioned in support of the NAASC archive and computing resources, and key systems
were moved to a Class A Data Center on the UVA campus with 99.99% service availability. Multiple
power outages in Green Bank have highlighted the need for increased generator capacity to the Jansky
building to ensure the stability and availability of the observation systems and over a PetaByte of storage.
Generator upgrades for Green Bank are planned for FY16. In addition, a mass storage backup solution
has been evaluated in NM and purchased in CV to ensure disaster recovery for the NAASC data
processing storage system. As funds allow, this solution will be made available at the other sites.

11.3 Maintenance and Renewal
Video Conference Hub and storage refresh: A key infrastructure risk has been addressed with the
replacement of the video/audio conference hub system, used observatory-wide to bridge video, phone
and presentations in a unified manner. Due to the popularity of this system, an additional 50% capacity
was provisioned in FY15 to allow for high definition video, in addition to more concurrent calls. In order
to keep up with growing throughput and storage needs for the Green Bank site, an upgraded Network
Attached Storage (NAS) system has now been purchased and will be installed in early FY16.
Meeting Room reservation S/W replacement: The legacy system used to coordinate and reserve
the video conference and meeting rooms observatory-wide was replaced in FY15 to ensure
supportability for this key coordination service, and to retire an identified risk from unsupported and
legacy software. Based on the experience from this exercise, in which a commercial application was
purchased in preference to a custom built solution, CIS will re-evaluated other software services with a
preference for out-source or replacement with commercial software solutions.
In order to reduce the cost of desktop systems, and to increase the access to “capacity on demand”
from cluster computer resources, CIS has aggressively deployed thin clients to replace traditional
desktop systems. These have the advantage of minimal “state” and therefore have a low maintenance
overhead, relying on system images and clusters housed in high-availability servers in the computer
rooms at each site. These systems were deployed with great success for the combined SingleDish/Interferometry 2015 summer school.
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12 OFFICE OF DIVERSITY & INCLUSION
The Office of Diversity & Inclusion (ODI) was established in FY15 to support NRAO in achieving its
core mission goals by increasing staff diversity and inclusion across the observatory, developing and
implementing programs to improve the recruitment, retention and success of under-represented and
under-served students and staff members, and fostering a work environment that is inclusive of all
individuals. The ODI Director works closely with the HR, EPO, SUS, and NIO to develop programs that
affect the NRAO work force, broader impact efforts, new and ongoing pipeline initiatives, and the
internal NRAO culture and climate.

Figure 12-1: Office of Diversity & Inclusion structure.

12.1 National Programs
NRAO’s national programs continued to grow and develop, despite the loss of the ODI Director
halfway through the year. As described in more detail below, the broader initiative programs met the
goal to provide hands-on training for the next generation of scientists and engineers from the primary to
secondary to post-doctoral levels, with particular emphasis on reaching under-served and underrepresented communities.
The National Astronomy Consortium (NAC) hosted student interns from across the country for
a second summer. Nineteen students were recruited from partner minority-serving institutions and
HBCUs, participated in summer internship experiences at NRAO and at NAC partner institutions. The
NAC students were placed as cohorts at each of the NAC sites (NRAO Socorro, NRAO
Charlottesville, Space Telescope Science Institute, University of Wisconsin-Madison, and NASA
Goddard Space Flight Center), and interacted with REU students for share activities (colloquia, site
visits, lectures, etc.). NAC students worked on original research projects, with mentors, participated in
professional development workshops, attended weekly meetings with opportunities to present their
research, and attended a series of diversity-related talks by invited speakers. In August, 2015, the NAC
III Workshop was held at Howard University in Washington, DC. This workshop was designed to allow
all of the NAC students to meet, and present their research to each other, and to members of the
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professional community. In addition, nine of the 2014 NAC students presented posters at the 226th
Winter AAS meeting, in January, 2015.
Physicists Inspiring the Next Generation (PING). In 2015, the PING program supported a twoweek summer camp experience for rising ninth-graders from the Washington, DC area. The students
were exposed to a variety of astronomy-related STEM careers, and experienced hands-on activities at
Green Bank, West Virginia. Two PING undergraduate students participated in an 8-week research
experience in Green Bank. As part of their PING experience, the student undergraduates served as
mentors and instructors for the PING middle-school summer camp students.

Figure 12.1-1: Dr. Paul Gueye in Green Bank working with 2015 PING participants.
The Socorro Summer Youth Experience Program continued its partnership with the City of
Socorro, in which the City provides stipends to selected, underserved and underrepresented, high
school students who are assigned to work with staff at NRAO’s Domenici Science Operations Center
(DSOC). NRAO is one of a number of area employers who participant in the program designed to give
‘real life’ working experience. Participation in this program serves our pipeline-building mission to
attract students to ‘full-spectrum’ astronomy-related careers.
The Socorro Electronic Engineering Internship program supported two undergraduate engineering
students from New Mexico Tech. Through this experience, the students were introduced to a
professional laboratory environment and were provided with a mentor to guide and train them in order
to make meaningful contributions to ongoing technical design work and other projects at the
Observatory. Both students worked on mechanical and electronic designs for the New Mexico
Electronics Division, and assisted in the fabrication of the hardware.

12.2 Diversity & Cultural Awareness Training
As part of the NAC program, speakers were invited to give presentations on a variety of topics related
to diversity issues, with a focus on STEM-related careers. NRAO staff members were invited to attend
these presentations; the talks were recorded, and are available on the Office of Diversity & Inclusion’s
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Speaker Series webpage. Diversity and Cultural Awareness Training will be on-going throughout the
year.

12.3 International Partnerships
The NRAO International Exchange Program (NINE)
In FY15, the NINE Program was initiated and began to develop worldwide partnerships with fastgrowing radio astronomy communities designed to facilitate the exchange of instructors, professionals,
and students from traditionally under-represented areas. As part of the initial start-up of the NINE
Program, NRAO science staff traveled to South Africa to participate in Program promotion activities. In
addition, the PMD secured a seconded South African citizen, currently working at the SKA
Headquarters, to participate in the NINE Program for a three-month period and obtain highly desired
skills in systems engineering for radio astronomy. This participant will continue to interact with the
program and help with its expansion.
The NINE Program changed management in Q4 of FY15.
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13 HUMAN RESOURCES
The Human Resources Department provided ongoing professional services and administrative expertise
in the achievement of this year’s goals in the areas of HR Policy Development and Administration,
Training and Development, Compensation, Benefits, Recruitment and Employment, Performance
Management, and Policy Development and Administration. During FY15 HR focused on enhancing and
improving on several key program areas.

13.1 HR Policy Development and Administration
The new HR Policy manual is available on the HR Website which will be followed on by the retirement
of the Supervisors Manual and Employee Handbook once remaining communications regarding the new
manual are complete.
HR is continuing with the training of the management staff in various policies and processes as is noted
in Section 13.2.

13.2 Training & Development
HR Department Managers and representatives delivered and developed multiple training workshops
during FY 15 to continue to train managers and leaders, engage employees and respond to workplace
needs as they arise.










New Employee Orientation: FY 15 brought the introduction of a new employee onboarding
process for the NRAO and the development of the New Employee Orientation that is held
quarterly and involves a multitude of department representatives throughout the Observatory.
Through the workshop new employees are introduced to NRAO’s culture, history and vital
information that will enhance their employment experience. The program is streamed from the
Charlottesville location and is virtually delivered to the other sites.
Ombuds: The revitalized Ombuds program is entering its third year and the new Ombuds
representatives have been selected to fulfill expired terms. During FY15, HR representatives
trained the next generation of Ombuds nominees with a formal training intended to help them
serve in their new role.
Unconscious Bias: This training is required for any NRAO employee that will be serving on a
search committee. The content is designed to highlight a natural unconscious bias that we carry
and how to recognize and address these natural tendencies. This workshop has been touted as a
key element in changing the hiring culture at the Observatory to make is more inclusive and
motivated toward diversity.
Generations in the Workplace: This workshop was delivered for the first time to
Observatory leaders during the Strategic Staffing Summit in September FY15. The workshop
discusses the opportunities and challenges of the emerging millennial workforce and the
remaining Generations X and Boomers. Participants were given ideas for different strategies to
optimize the generational workplace diversity and awareness of generational biases.
Other Continuing Trainings & Workshops delivered in FY15:
- Managing Attendance and Leave Policies
- Performance Management Evaluation (PEP) Tutorials for Managers & Employees
- Sexual Harassment, Discrimination and Bullying Policy Training

A Performance Management training module was completed in FY15 and delivered to a beta group at
the Green Bank site. Changes and modifications to the training materials are being made in response to
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participant feedback gathered through an online survey. An additional module titled Compensation 101
that is designed for managers that make salary decisions is in beta stage and will be delivered FY 16.

13.3 Compensation
After receiving budget approval, a 2.5% salary increase pool was provided to pay decision managers
during the annual salary review. Additionally, the promotion/equity review process was provided a .5%
salary increase pool. This overall increase pool was slightly more than the prior year which had been
distributed as a flat amount to all employees due to the financial effects of the new High Deductible
Health Care Plan. These increases were delivered on time, within budget and with 100% accuracy.
Implementation of a revised Schedule I, Exempt Salary Structure, was effected on May 21, 2015. This
implementation included not only a revised structure but complete re-grading of all exempt positions,
reversing the numbering sequence of jobs and restructuring some jobs within job families. Re-aligning a
one (I) as the lowest position in the job family brings us in alignment with the external labor market and
enables more efficient recruiting efforts and salary survey matching.
In anticipation of the CY2016 changes to the Fair Labor Standards Act salary threshold test in
determining exempt/nonexempt status, HR is analyzing the current state in an effort to ensure the
organization is prepared for this imminent increase. In support of this analysis and as one of HR’s POP
goals, a cost effective Job Description Builder tool was identified, which will be helpful in documenting
and archiving our job descriptions in one location and in this important analysis.
As noted in the Training & Development section, a management development training session called
Compensation 101 is being developed, currently in the beta phase. The goal of this session is to develop
understanding of Compensation as one component in the scheme of Total Rewards for the
Observatory.

13.4 Benefits
NRAO HR participated with AUI in the review of annual benefits offerings and associated costs for FY15
and administratively supported the open enrollment process for all employees. The challenges of
determining how to control rising health care premium costs for the Observatory and to NRAO
employees continue. Despite budget challenges overall we were able to minimize the increase in
premium cost to employees and continue providing an employer contribution to the Health Savings
Accounts of those on the High Deductible Plan this year.
Developing a comprehensive wellness strategy has begun however has been sidelined due to the costs
associated with implementation.

13.5 Recruitment/Employment
During FY15, Human Resources participated in multiple recruitment efforts across the Observatory.
The following demonstrates the efforts by site:






NM - 39 Job postings, 34 filled, 5 remain open
GB- 23 Job Postings, 21 filled, 1 remains open, 1 requisition canceled
CV- 24 jobs posting, 22 filled, 2 remains open
CH- 5 Job postings, 4 filled, 1remains open
AUI- 3 Job postings, 3 filled
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During FY15, Human Resources enhanced recruitment activities across the Observatory with the full
implementation of the comprehensive recruitment guide. With the implementation of the guide, HR
worked with Budget to fully implement the Authorization to Recruit (ATR) form. The ATR process
streamlines assessment and approval of personnel requisitions and results in early collaborations with
senior management and the Head of Observatory Budgets. With budget approval and reduced time in
the authorization step, HR is able to initiate recruitment efforts more efficiently. Coupled with that, HR
effectively broadened the applicant pool across disciplines by partnering with organizations such as
Indeed.com, Women in Technology, Dice.com virtual recruitment events, Research Gate, Harvard
School of Astronomy and Astrophysics, National Society of Black Physicist, Society of Professional
Hispanic Engineers, Virginia Values Veterans and other veteran and diverse organizations.
NRAO utilizes the recruitment tool within Halogen (e-Recruit). Human Resources will continue to
provide Hiring Manager training and support in the use of the Halogen applicant management tools. Of
notable impact to the recruitment process is the mandatory Unconscious Bias training. Search
Committee members have provided positive feedback in regards to the benefits of this training. HR also
provides guidance on interview protocol regarding interview questions and format to ensure
consistency is maintained.
In addition to Human Resources recruitment efforts, HR has built partnerships with organizations and
internal departments to strengthen the NRAO Brand. Education Public Outreach (EPO) has partnered
with HR in building and providing support in maintaining social media sites on Twitter and LinkedIn. In
partnership with Diversity Inc. we have featured our job openings and employees in editorial features in
the following magazines; June 2015 Diversity in STEAM Magazine Dr. Aaron Evans; Summer 2015 Issue
Black EOE Journal Akeem Wells; U.S. Veterans Magazine Jennifer Jackson; and Fall 2015 Professional
Women’s Magazine Laura Lockledge;. The Branding efforts have improved the organizations’ ratings
from 3.2 out of 4.0 to 3.9 out of 4.0 (Glassdoor.com retrieved November 6, 2015) and generated more
interest in careers at NRAO.
HR has created additional tools to ensure that new employees are engaged with supervisors and are
provided with additional resources for a successful onboarding. HR communicated formally using a
30/60/90 check-in process. This review was designed to explicitly ask for feedback regarding
organizational fit, resources, intrinsic satisfaction of the position, perceptions of the environment and to
address any further needs of new employees. HR has received positive feedback from supervisors and
new hires regarding the check in process.

13.6 Human Resources
During FY14 NRAO HR deployed the new electronic PEP process and completed the first electronic
performance review in August 2014 for FY2013 performance. In quick succession, HR opened the
electronic process in October 2014 so the Observatory would be able to re-align and complete FY14
performance appraisals “just in time” at the close of the fiscal year. This process re-alignment also
enables a timely salary/merit review when the performance review process closes on December 30th.
The salary review worksheets were opened to the pay decision managers in mid/late December with
January 2015 effective dates for salary increases in support of 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.
During the PEP process this year, HR progressed the deployment of the multi-rater/360 evaluation
process by including the next level down from the Assistant Director level. This functionality had been
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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 multi-rater/360 process is designated
for use in determining the development needed of/for those individuals rated during the review process.
This has been a gradual deployment of a process which can be very useful to the Observatory not only
for employee development but also an employee engagement perspective.
Human Resources developed a Succession Management Process Document and held a Strategic Staffing
Summit in partnership with the Budget Office at the close of the fiscal year. The Strategic Planning &
Staffing Summit was a three day meeting where 37 managers across the Observatory, participated in
several exercises to familiarize them with Observatory wide initiatives. The NRAO Director facilitated
the strategic planning discussions that resulted in the prioritization of Observatory initiatives. An
outcome of this exercise led to the analysis of future staffing and skills for FY17 – FY2020. HR will utilize
the results of this critical summit to create the NRAO Workforce Management Plan. More rigor around
succession management will be deployed in FY16 as a result of feedback received at the Summit.
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14 COMMUNICATIONS
The NRAO Communications Office (COM) organized the NRAO presence at the winter American
Astronomical Society (AAS) meeting – 4-8 January 2015 in Seattle – including a day-long next generation
VLA Workshop, an NRAO Town Hall, and the NRAO and AUI participation in the meeting’s multi-day
exhibition. COM assisted invited an ALMA plenary session and a two-hour Splinter Session – New
Capabilities At the NRAO – designed to assist members of the community, especially new users, in
proposing for ALMA, GBT, VLA, and/or VLBA. NRAO also actively participated in the undergraduate
orientation session, and the local public outreach events organized by the AAS and sponsored by AUI.
COM personnel organized the NRAO presence at the XXIXth International Astronomical Union (IAU)
General Assembly in Honolulu, Hawaii, 3-14 August 2015, which featured a re-designed NRAO exhibit.
COM organized participation by NRAO scientists from Headquarters, the NAASC, the VLA, and the
GBT to present talks at the NSF exhibit. NRAO Director Tony Beasley, e.g., gave a talk on Science and
Discovery at the NRAO. The NRAO and AUI staff also actively participated in four major local public
outreach events organized by the AAS and sponsored by AUI, hosting and working with 200+ young
people at the NRAO and AUI exhibits.
A well-received, three-hour science symposium – Building Galaxies: Some Assembly Required – was
prepared and presented to the broader science community at the 2015 Annual Meeting of the American
Association for the Advancement of Science (AAAS) –12-16 February 2015, San Jose, CA – with six
speakers from NRAO and across the astronomy community. This symposium brought together leading
scientists to present and discuss the newest results in the field of galaxy evolution, work being enabled
by new observations with orders of magnitude better sensitivity, broader wavelength coverage, and
significantly increased imaging and spectral resolution compared to the best that was available just a few
years ago.
COM continued to edit and publish the monthly NRAO electronic newsletter, eNews, each issue of
which was distributed to 9,000+ scientists around the world. COM published a 2014 NRAO Annual
Report, and managed the high-level content at the NRAO science website and the NRAO Intranet. The
2015 NRAO Research Facilities brochure was published 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 – 16-21 November 2014 in New Orleans, LA
– an 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 reports,
briefings, and support materials for NSF and for the 2015 Users Committee (UC), which met in Green
Bank 21-22 May 2015. The ALMA North American Science Advisory Committee (ANASAC) met on 20
May for the first time as a standing sub-committee of the Users Committee.
COM also collaborated with Director’s Office and the Observatory’s management team on a wide
variety of internal communications for the Observatory.
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15 ADMINISTRATION
During FY15 by the Administration group focused on enhanced planning efforts for not only the coming
fiscal year but also for the potential management of a new cooperative agreement and for the full scale
operations of the ALMA observatory. A review to study the current JD Edwards Enterprise One
software system was commissioned jointly with AUI. The goal was to determine how the current
system is meeting the needs of users, what enhancements or tools are needed by the users, and to
identify choke points where inefficiencies occur or workarounds are required. As part of the planning
for FY16 and beyond, the Budget and HR divisions held a strategic staffing summit in August. The
meeting engaged the NRAO director, assistant directors, and select managers in a three day planning
exercise that identified hiring needs of the Observatory and formulated the plans to fulfill those needs. A
chart of accounts review and renewal process was initiated with the establishment of a committee
headed by a member of the Budget division team; the intent is to establish a new chart of accounts for
use beginning in FY17.
ALMA is now in full operations. The documents and agreements defining the relationships of the
partners date to the construction phase. AUI’s Senior Advisor is coordinating the effort to draft a new
Trilateral Management Agreement for ALMA as well as terms of reference for committees that involve
NRAO administrative staff, such as the Heads of Administration Advisory Group and the ALMA Safety
Advisory Group. The NRAO Associate Director for Administration, Assistant Director for Budgets, and
the Safety Manager were engaged in review and comment on these documents.
Security improvements to the NRAO buildings continued with the securing of the front door during
business hours at the Edgemont Road building and the hiring receptionist for the lobby (all other doors
were already locked 24 hours a day). Dating to the establishment of the NRAO offices in
Charlottesville, the building operated on an academic model, accessible during normal business to
visitors and students from UVA, upon whose grounds the building is situated. A receptionist was hired
to greet visitors and effective October 1, the front door was secured, requiring admission by the
receptionist or with an access card.

15.1 Business Services
The new chart of accounts project was under discussion throughout the majority of the year. By year
end, the executive sponsors of the project had organized and charged a project lead. The project will be
accomplished in FY16 in preparation for FY17.
Throughout FY14, Business Services worked with NRAO’s insurance broker to rebid the insurance
program. This was completed in FY15 with the new package and carriers and all renewals moved to a
common date of December 1. This resulted in savings and enhanced services over the prior package.
Business Services, in cooperation with the management organization, completed a refresh of the nonNSF vehicle fleet and associated policies.
For the closeout of ALMA construction, Business Services staff reviewed agreements with partners and
performed financial analysis, reconciliation, and final statements for submissions to stakeholders. In
cooperation with the Project Manager, capital asset groupings were identified and fixed asset schedules
were prepared for NSF approval and subsequent upload into JD Edwards.
Two VLBA sites are currently undergoing negotiations. The Owens Valley site operates under a lease
with Cal Tech, whose master lease for the site expired in May 2013; negotiations continue between Cal
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Tech and the Los Angeles Water Authority. Negotiations with the Bureau of Land Management are
under way and are expected to be completed before the Pie Town lease expires on January 1, 2016.

15.2 Contracts and Procurement
The Contracts and Procurement (CAP) division developed new policies and training opportunities in
FY15. In May, CAP finalized, in coordination with HR, the new Process for Authorizing Use of
Consultants. This process describes the considerations and requirements for selection of
consultants/independent contractors. The process includes an authorization form requiring signatures of
approval from multiple departments (department manager, division head, Budget, and HR) before an
award can be made to a consultant.
CAP prepared two new training presentations to assist users (Principal Investigators, awardees, and
requisitioners) in the processes and implementation of Grants award preparation/tracking and for
purchase order creation. The “Grants Lifecycle” presentation was completed in June and posted to the
NRAO Grants webpage. A purchase order preparation presentation, titled “P2P – From Cradle to
Grave: Process of Requisition to PO,” was prepared and posted to the NRAO CAP webpage in July.
In addition, the Denied Party Screening and Deemed Exports training videos developed in FY14 were
shared with NRAO staff starting in January, and 85% of staff completed the viewing and associated
questionnaire. To further explain these topics and answer associated questions, the Export Compliance
Officer gave more in-depth presentations in Socorro, as requested by Socorro managers.

15.3 Environmental, Safety and Security
In FY15, the Environment, Safety, and Security (ES&S) division had to manage the program with the
retirement of two Safety Officers. Both Safety Officers positions have since been refilled with skilled and
experienced safety professionals; however, there was a considerable loss of institutional knowledge.
Consequently, ES&S has placed a recent emphasis on the efforts to re-educate the ES&S team and foster
team-building. This challenge is complicated by the geographic distribution of Safety Officers between
the sites.
The ES&S team has completed the FY15 Program Operating Plan goals to implement the Observatorywide Hazard Communication requirements for OSHA compliance. This program initiated in NRAO
New Mexico and is currently fully functional. The program replaces the paper version of Safety Data
Sheets with an employee friendly mechanism to add new chemicals for ES&S review, retrieve up-to-date
Safety Data Sheets, and ensures that this OSHA compliance component is met.
ES&S partnered with Human Resources to develop the NRAO pre-employment drug testing for
employees working in ‘safety-sensitive’ positions. ES&S identified the positions in the NRAO that are
considered safety sensitive and vetted the listing with counsel to ensure legal compliance with state
requirements for drug-testing. This program was successfully rolled out prior to the summer seasonal
hires. Also in FY15, ES&S developed supervisory safety training with an emphasis on Workers
Compensation and accident reporting. The training was provided at all the NRAO facilities including the
VLA. The success of this effort has resulted in a focus for FY16 to consider additional supervisory safety
training efforts.
The NRAO Safety Program conducted an external review of peer organizations in July 2015. The review
commended the Observatory safety efforts and is intended to be used to identify future efforts to
improve the NRAO safety culture. The primary focus of the review was:
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Review the Environment, Safety and Security (ES&S) structure, function and deliverables of the
NRAO Observatory,
 Analyze the associated budget, review and comment on important assumptions and risks
considered, and to
 Present its findings and recommendations regarding the overall ES&S planning to the NRAO
Management and the Observatory Safety Manager in a written report.
A written response was prepared by the Safety Manager and presented to the Associate Director of
Administration and to the Director.

15.4 Management Information Systems
Business systems analysis review of Enterprise Resource Planning software (Oracle JD Edwards
EnterpriseOne) occurred in the second quarter of FY15.
The Management Information Systems (MIS) division completed the upgrade of the business modules
with a software release for E1 pages and other functionality in the second quarter. New web server
utilizing the Oracle web application server platform implemented in the third quarter. The new single
sign-on active directory authentication was implemented in the fourth quarter.
Support for the Chart of Accounts study and additional JD Edwards modules with enhancements began
in the fourth quarter.

15.5 Technology Transfer Office
Through perseverance and patience the TTO finalized the first intellectual property licensing deal on
behalf of AUI/NRAO in the second quarter of FY15. Seeing that this type of outcome is expressly
desired by the NSF Program Managers, the President of AUI, the Director of NRAO and the NRAO
Administration makes shifting the NRAO culture toward these types of accomplishments possible and
indeed could become part of the NRAO culture of contribution back to American society, in more ways
than advancing science discovery alone.
With the NSF continuing to push for and expand the commercialization of NSF and other federally
funded research, the NRAO TTO responded with the introduction of a forward looking outlook by
beginning to incorporate the NSF I-Corps program into the culture of opportunity within the NRAO
during the fourth quarter of FY15. The purpose of the program is to spread the knowledge of
entrepreneurship alongside the already well-established science and engineering world-class specialties
of research conducted for the advancement of radio astronomy. With this in mind, more effort was
spent training internal staff in the commercialization process rather than trying to bring outside
researchers and businesses to an NRAO-hosted conference. In other words, it makes more sense to
begin internally changing the skillset rather than trying to bring in outsiders to get us excited about
technology transfer to industry. This is one reason why we chose not to host a conference on Astroand Biomed-Imaging and instead hosted an NSF training program, called I-Corps lite, on discovering
customer needs when assessing whether a given technology should be pursued for commercialization.
While the TTO facilitated introductions between outside business needs for technology development
and in-house capabilities within the NRAO CDL, the final decision internally was not to pursue the
outside work collaborations at this time. Additionally, a handful of additional opportunities were brought
to the attention of leaders within NRAO to pursue providing technology data collection and processing
using NRAO telescopes on behalf of the Space Situational Awareness industry. At least two of these
business opportunities are still in-progress and still viable but have not been realized.
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16 SPECTRUM MANAGEMENT
International Spectrum Management
Domestic Spectrum Management
TV UHF band repacking: The FCC revised its regulations regarding operation of cellular telephones
and unlicensed devices in and around the protected radio astronomy band in TV channel 37 at 608 –
614 MHz. While preserving the band for astronomy use, requirements on out of band emissions for
devices operating in adjacent and nearby bands were relaxed to allow them to operate more freely.
Whether the 608 – 614 MHz band continues to be useful for astronomical observation is contingent on
how the TV broadcast bands are re-packed after more broadcast spectrum is auctioned.
Iridium: The Iridium mobile-satellite (satellite phone) system has caused global interference into the
1610.6 – 1613.8 MHz protected radio astronomy band used for OH spectral line observations since its
inception in the late 1990’s and the level of interference is now so high that the band cannot be used for
sensitive detection experiments. Iridium’s next generation satellites will operate even closer to the edge
of the radio astronomy band and could generate even stronger interference absent firm regulatory
measures by the FCC. NRAO filed comments with the FCC insisting i) that NRAO be relieved of an
onerous coordination requirement emplaced in the 1990’s and ii) that the FCC compel Iridium to meet
its international obligations not to interfere. Iridium has resisted coming to the negotiating table in the
U.S. until its new satellites are in orbit but Germany recently revoked Iridium’s operating license and
sent an official complaint of interference to the FCC and the Department of State, so there is real
pressure on both the company and the FCC to comply.
76 – 81 GHz car radar: The FCC recently proposed to allow these radars to proliferate using very
high peak output powers (300W equivalent isotropic radiated power). At that level a single radar can
produce harmful interference at distances of 150 km. NRAO has been pleading the case for FCC
regulatory protection of radio astronomy sites from car radars since 2009, to little avail.
International Spectrum Management Activities
Working at ITU-R in Geneva and as the vice-Chair and newly-elected Chair of IUCAF, the NRAO
spectrum manager contributed documents dealing with: Agenda Item (AI) 1.18, a new allocation to
vehicular radar to fill in the remaining portion of the 76 – 81 GHz band not allocated to radar; AI 1.12,
whereby remote sensing satellite operators agree not to illuminate radio astronomy sites with powerful
earth-mapping synthetic aperture radars that could burn out the JVLA or other 10 GHz receivers; AI 1.1
dealing with proliferation of wireless broadband in broader swaths of the spectrum; AI 1.16 for maritime
radar near 150 MHz; and AI 1.5, use of Ku-band fixed-satellite spectrum for command and control of
pilotless aircraft in commercial air spaces.
Meetings attended:





October 2014, Working Party (WP) 7D Geneva – diverse subjects of relevance to radio
astronomy.
November 2014, WP 5B Geneva – car, airborne military, remote sensing, and maritime radar
issues.
April 2015, CPM-2 Geneva – final preparation of draft treaty text for WRC-15 in November
2015.
May 2015, WP 7D Geneva – final astronomy preparations before WRC-15.
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May 2015, CORF Washington, the U.S. National Academy’s frequency coordination annual
public meeting.
May 2015, spoke from IRAM (Grenoble) to French, German and Spanish radio astronomers
about threats from the impending proliferation of 76 GHz – 81 GHz radars.
August 2015, IAU GA Honolulu – assumed the Chair of IUCAF, spoke on RFI, co-wrote and
promoted IAU Resolution B.4 regarding car radar that was adopted at the final plenary.
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17 DIRECTOR’S OFFICE
The NRAO Director’s Office establishes, refines, and disseminates the mission, vision and overall
strategic goals of NRAO through a proactive and continuous assessment of needs and priorities of the
organization and the scientific community. The Director’s Office plays a significant role in formulating
and executing national priorities for research in radio astronomy and other areas of astronomy and
strives to grow the radio astronomy community and improve the scientific relevance of radio techniques
and observations.
Providing strong leadership to NRAO management, including recruiting and supervising senior staff, the
Director works with the senior staff to ensure that the Observatory’s science mission and operational
requirements are appropriately translated into the specific plans and deliverables and executed
effectively, including delegation of roles, resources and responsibilities throughout the organization. The
Director’s Office nurtures NRAO staff collaboration, communicating openly at all levels, seeking input,
creating an environment of trust across the Observatory, and providing positive feedback in a timely and
constructive manner. The Director manages the Observatory on a day-to-day basis, facilitates resolution
of issues between functional areas and departments, and routinely monitors organization performance.
The Director and Director’s Office staff prepares for and executes internal and external Observatory
reviews, and are responsible for the production and communication of information to all stakeholders in
a timely manner to enable insight into Observatory performance, including the annual deliverables to the
National Science Foundation.
The Director’s Office develops support for the NRAO program in the scientific community and with
funding agencies, the U.S. Congress, and local, state, federal, and non-governmental organizations. The
Director’s Office develops and maintains strategic relationships with national and international agencies,
partners, governments, industry and other private sector entities, and all other stakeholders or
customers relevant to the Observatory.
Working with the AUI Executive and Board, the Director helps develop and implement AUI’s vision for
the NRAO scientific mission and organizational management. The Director regularly communicates with
the AUI Board of Trustees regarding NRAO strategic and policy issues, bringing emerging issues
forward in a timely fashion. To facilitate the alignment of AUI Corporate priorities and operational
priorities at NRAO, the Director’s Office oversees the planning and scheduling for all strategic
initiatives, including requirements, risk management, milestone definition, and resource allocation.
FY2015






The Director’s Office represented NRAO and the North American science community interests
each FY15 quarter to the ALMA Director’s Council and the ALMA Board.
The Director’s Office appointed new members to the NRAO Users Committee and organized
the annual face-to-face meeting with the Committee in Green Bank, WV on May 21-22, 2015.
The Director’s Office organized and hosted the annual NSF Program Review in December 2014,
and participated in the ALMA Completion Review in March 2015.
The Director’s Office personnel met with the AUI Board of Trustees in February, June, and
October 2015, and met with AUI Executive Committee in December 2014, April 2015 and
September 2015.
All hands presentations were presented across the Observatory – at Headquarters, CDL,
Socorro, the VLA site, Green Bank, and in Chile – in March and September 2015.
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APPENDIX A: MAJOR MILESTONES COMPLETION MATRIX
Task Name
2.6

Final Status

Explanation of the
Schedule
Variances

Atacama Large Millimeter/submillimeter Array (ALMA)
Operations

1

Carry out AoD shifts at the OSF

Completed

2

Hire two data analysts and two scientists

Completed

3

Cycle 2 Status Update

Completed

4

Support Long Baseline Campaign

Completed

5

Eliminate Backlog in Cycle 2 Data Reduction

Completed

6

Participate in Cycle 3 Obsmode go / no-go meeting

Completed

7

Participate in ALMA Intl Science Conference and Postdoc Symposium

Completed

8

Participate in ALMA Operations Readiness Review

Completed
Completed

9

Offer Data Processing Workshop in Charlottesville

10

Cycle 3 Prep: S/W tests, Documentation Prep, Call for Proposals

Completed

11

Cycle 3 Prep: Community Day Events, User Support for Deadlines

Completed

12

Cycle 3: Technical Assessments, Tech Secretary Support

Completed

13

Cycle 4: Capabilities Planning

Completed

14

Cycle 3: P2G and CS Assignments

Completed

15

Cycle 3: First batch of SBs validated

Completed

16

Offer Data Processing Workshop in Charlottesville

17

Pipeline Heuristics: Input on Reference Imaging

Completed

18

Pipeline Heuristics: Input on Improved Calibration heuristics

Completed

Delayed

New target date: Q2 FY16

Development
19

NA ALMA Development Studies initiated in FY14 will be completed
NA ALMA Development Studies Call for Proposals date – next round
(preliminary date)*
NA ALMA Ongoing Development Projects initiated in FY12 will be
completed
Maintenance and Renewal

Completed

22

Commission the FE test cryostat at the NTC

Completed

23

Install and test one FETIM module in an antenna receiver cabin

24

Execute on-site (re) training.

20
21

Completed
Delayed

Delayed

New target date: Q1 FY16

New target date: Q1 FY16

Completed

NRAO-Chile Office
25

Hire NRAO-Chile Chief of Staff

Completed

26

Support ALMA HR Department

Completed

27

Prepare for Upcoming Union Negotiations

Completed

Study Alternative Office Locations

Completed

28
3.4

New Mexico Operations
VLA Science Operations

1

Define VLA capabilities to be offered for semester 2015B

Completed

2

Define VLA capabilities to be offered for semester 2016A
Update VLA documentation to support 2015B Call for Proposals,
perform proposal technical reviews
Update VLA documentation to support 2016A Call for Proposals,
perform proposal technical reviews
Determine baselines and pointing for antennas moving into their C
configuration locations

Completed

3
4
5

Completed
Completed
Completed
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Task Name
6
7

Final Status

Determine baselines and pointing for antennas moving into their CnB
and B configuration locations
Determine baselines and pointing for antennas moving into their BnA
and A configuration locations

Completed
Completed

8

Subarray observing automated and incorporated into dynamic scheduler

Delayed

9

Completed

11

Incorporate 4-element API into regular operations
Complete VLITE tests requiring B configuration and integrate VLITE into
operations
Testing and evaluation of new 3-bit samplers complete

Completed

12

Make frequency averaging available in the CBE to lower data rate

Completed

10

Explanation of the
Schedule
Variances

Item delayed due to staffing
issues in the SSA software
group. This work has been
rescheduled for Q1 FY16

Completed

VLA Array Operations
13

Reconfigure array to C configuration

Completed

14

Reconfigure array to CnB, then B configuration

Completed

15

Reconfigure array to BnA, then A configuration

Completed

16

Reconfigure array to D configuration (part)

Completed

17

Establish DSOC control room for VLA Operations

Completed

18

Commence DSOC VLA Operations

Completed

VLA Antenna Maintenance
19

Perform 7 antenna overhauls during the course of the year

Completed

20

Completed

33

Replace one antenna azimuth bearing during the source of the year
Perform preventive maintenance on each of two transporters prior to
array reconfiguration
Perform preventive maintenance on each of two transporters prior to
array reconfiguration
Perform preventive maintenance on each of two transporters prior to
array reconfiguration
VLA Track Maintenance
Identify and replace 5000 aging or damaged cross-ties during the course
of the year
Identify and replace 5 antenna pad intersections during the course of the
year
VLA Site Infrastructure Maintenance
Perform preventive maintenance on all VLA site transformers during the
course of the year
VLA Technical Upgrades and Enhancements
L-Band solar upgrade, 2 additional receivers with full RF upgrade
installed
X-Band solar upgrade, 3 additional receivers with 20 dB switched
attenuators on outputs only, no solar Tcals, installed
X-Band solar upgrade, 3 additional receivers with solar Tcal path plus 20
dB switched attenuators installed
Ku-Band solar upgrade, 1 additional receiver with 20 dB switched
attenuators on outputs only, no solar Tcals, installed
Ku-Band solar upgrade, 3 additional receivers with solar Tcal path plus
20 dB switched attenuators installed
S-Band solar upgrade, 3 additional receivers with solar Tcal path plus 20
dB switched attenuators installed
FE card cage upgrades, 35 units installed

Completed

34

C-Band thermal gap retrofits, 4 additional installed

Completed

35

L-Band thermal gap retrofits, 6 additional installed

Completed

36

FE cal board upgrades, 20 installed

Completed

37

Prototype FE noise diode temperature stabilization assembly tested

Completed

21
22
23

24
25

26

27
28
29
30
31
32

Completed
Completed
Completed

Completed
Completed

Completed

Completed
Completed
Completed
Completed
Completed
Completed
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Task Name

Final Status

38

Replace the remaining legacy Q-Band receiver interface hardware sets

Completed

39

Completed

41

Install 3rd replacement ACU
Install 13 additional DTS transmitter modules with new 3-bit sampler
boards
Install prototype F318 module in antenna

Completed

42

Install 10 production F318 modules in antennas

Completed

40

Explanation of the
Schedule
Variances

Completed

VLA Observing Capability Enhancements
43

Commission and document P-Band spectroscopy and polarimetry for
2016B

Canceled

44

Commission and document pulsar observing modes for 2016B

Completed

45

Evaluate 6 MJP feeds and write performance memo

Completed

46

Improve robustness of reference pointing solutions

Completed

47

Implement old-style VLA (stepped) tipping scans

Completed

This depends on effort from
external users, so we do not
control the target date for
completion.

VLA Operational Enhancements

48

Commission and document use of switched power calibration in CASA

49

Develop heuristics for polarization calibration for the VLA calibration
pipeline

50

Not needed

Delayed

Completed

51

Commission and document improvements to ionospheric calibration
Development in support of VLA Sky Survey, as specified in the VLASS
Technical Implementation Plan
VLBA Science Operations

52

Define VLBA capabilities to be offered for semester 2015B

Completed

53

Define VLBA capabilities to be offered for semester 2016A
Update VLBA documentation to support 2015B Call for Proposals,
perform proposal technical reviews
Update VLBA documentation to support 2016A Call for Proposals,
perform proposal technical reviews
VLBA Antenna Maintenance

Completed

54
55

56

57

Tiger Team maintenance campaign to OV

Tiger Team maintenance campaign to SC

Analysis concluded that this is
not needed. It does not benefit
the general case for VLA.
Observing a phase calibrator is
sufficient to track changes in
system gain.
Item delayed due to higher
priority of validating the CASA
integrated pipeline for Stokes I
continuum, heuristic
development for imaging
Stokes I continuum, and the
analysis of switched power
calibration. This work has been
rescheduled for Q3 FY16

Completed

Completed
Completed

Completed

Delayed

Tiger team will go to MK in
FY2016 Q1 instead of SC due
to a lightning strike that caused
damage requiring a change of
plans.

VLBA Technical Upgrades and Enhancements
58

Install production M450 in a VLBA antenna for testing

Completed

VLBA Observing Capability Enhancements
59
60

Commission and document DDC-8 on Effelsberg for 2016B
Commission and document PFB on LMT for 2016B

Completed
Delayed

This is led by LMT
collaborators, hence NRAO
does not control the target
date for completion
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Task Name

Final Status

Explanation of the
Schedule
Variances

Site Operations
61

Complete electronic door access for the DSOC

62

Renew leases for OV and SC

4.4

West Virginia Operations

Completed
Delayed

The lease at SC was renewed.
For OV, waiting on Caltech to
renegotiate the lease with LA
Water & Power

GBT Development
1

Commissioning of MUSTANG1.5

2

Commissioning of ARGUS receiver

Completed

3

Beginning of summer painting

Completed

4

End of summer painting

Completed

5

GBT track inspection will take place, any needed repairs completed

Completed

6

Beginning of structural inspections

Completed

7

End of structural inspections

Completed

8

Begin replacement of GBT active surface electronics

Completed

Delayed

Delayed by PI of project

GBT Maintenance

Site Operations
9
5.3

Repair culvert by interferometer

Delayed

Delayed due to lack of
resources; Will be complete in
FY16

Central Development Laboratory
Repair, Maintenance, Production, Support

1

Complete repair of eight spare Band 6 SIS mixers

Completed

2

Design, build and test Qty. 4 MIC LNAs

Completed

3

Build and test Band 1 amplifiers

Completed

4

Design ALMA Band 2 optical system

Completed

5

Test Band 2 optical system

Completed

6

Deliver Band 2 optical system
Complete ALMA Phasing System hardware and firmware acceptance
tests.
Fabricate, evaluate, and deliver spare components to the PAPER-128
site.
Research and Development
Demonstrate balanced low-noise 4-12 GHz amplifier with
superconducting hybrids
Cryogenically test MMIC amplifier modules using NGC 35nm PHEMT
process
Cryogenically test MMIC amplifier module using BAE 50nm MHEMT
process
Develop a new feed for the 14 meter diameter paraboloidal reflector
antenna. This will be based on the PAPER dipole. The work will include
electromagnetic design and analysis.
Mentor pre-doctoral student to measure the beam pattern of a new
HERA prototype antenna using satellite downlink signals.

Completed

7
8

9
10
11
12
13

Completed
Completed

Completed
Completed
Completed
Completed
Completed

14

Develop the DARE radiometer proof-of-concept and calibration
procedure.

Completed

15

Mentor Reber pre-doctoral graduate student to examine the influence
of the ionosphere on the measurement of Dark Ages hydrogen

Completed

16
17

Implement a six-channel "IRD Backend" using a Kintex-7 FPGA
processor.
Demonstrate de-interleaving of multiple data sources on a shared fiber-

Additional development may
continue in FY2016
Further mentoring will
continue under Reber
Fellowship in FY2016

Completed
Completed
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Task Name

Final Status

Explanation of the
Schedule
Variances

optic link using a CPLD keyed to gain mismatch.
18
19
20

Implement advanced topologies and miniaturized packaging of
reflectionless filters.
Prototype and evaluate redesigned low noise amplifiers.

Completed
Completed

22

Integrate and test the digital downconverter with PAF front end
Digital receiver development: Prototype photo receiver PC board and
test with Roach 2 firmware
Improve PAF electromagnetic and beamforming model

Completed

23

Feasibility study for improved PAF receiver

Completed

6.5

Science Support & Research

21

Completed
Completed

Telescope Time Allocation (TTA)
1

CfP for semester 2015B

Completed

2

CfP for semester 2016A

Completed

3

SRP and tech review process, semester 2015B

Completed

4

SRP and tech review process, semester 2016A

Completed

5

TAC meeting for semester 2015A

Completed

6

TAC meeting for semester 2015B

Completed

7

Update SW tools requirements for TAC support 2015A

Completed

8

Update SW tools requirements for PST 2015B

Completed

9

Update SW tools requirements for TAC support 2015B

Completed

10

Update SW requirements tools for PST 2016A

Completed

11

Update documentation for CfP and tools 2015B

Completed

12

Update documentation for CfP and tools 2016A

Completed

13

4th VLA data reduction tutorial

Completed

14

SPF 1 CDE

Completed

15

ALMA cycle 3 CDE planning

Completed

16

Filaments workshop

Completed

17

Revolution in Astronomy

Completed

18

AAAS session on Galaxy Assembly

Completed

19

SPF 1 meeting

Completed

20

Integrated HD requirements

Completed

21

RPI and NRAO archive user testing

Completed

22

Integrated science portal requirements

Completed

Science User Support (SUS)

23

Summer student selection

Completed

24

Summer student offers

Completed

25

Summer student program begins

Completed

26

Summer student program complete

Completed

27

SOS selection begins

28

Update CASAGUIDES

Completed

29

Review ALMA user documents

Completed

30

Update CASAGUIDES

Completed

Delayed

Launched in FY16 Q1

SSR Services
31

Library contracts negotiated

Completed

32

Metrics web interface requirements

Completed
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Task Name
7.4

Final Status

Explanation of the
Schedule
Variances

Data Management & Software
Scientific Information Services

1

SSO aligned for MyNRAO and ALMA accounts

Completed

2

Merger of helpdesk

Completed

3

PI Access to NAASC cluster

Completed

4

Increase bandwidth to sites

Completed

5

Increase bandwidth to sites

Completed

6

Increase bandwidth to sites

Completed

7

Increase bandwidth to sites

Completed

8

XSEDE access

Completed
Completed

9

Federated identity management evaluation

10

PSC access

Completed

11

Amazon cloud for CASA

Completed

12

Multi-core development testbed installed

Completed

13

Unified approach to Lustre backup

Completed

14

ALMA Fall 2014 Release

Completed

15

ALMA Spring 2015 Release

Completed

ALMA Phasing Project

Completed

ALMA System Software

16

VLA/VLBA System Software
17

Deploy software to support Semester 2014B observing.

Completed

18

Deploy software to support Semester 2015A commissioning.

Completed

19

Deploy software to support Semester 2015A observing.

Completed

20

Deploy software to support Semester 2015B commissioning.

Completed

21

Integrate VLITE Operations

Completed

22

Deliver Frequency Averaging

Completed

23

Write Pointing Table

Completed

24

VME replacement

Completed

GBT System Software
25

Modify Astrid to Use Streaming

26

Operations software update

Completed

Canceled

27

Vegas Pulsar Modes

Completed

28

NRQZ software

Canceled

29

M&C release

Delayed

30

CLEO Update

Canceled

31

Parallelize Pipeline

Completed

32

Pipeline improvements

Completed

33

Test Pipeline with PSC – evaluate candidates

Completed

Re-introduced as an FY16 POP
Goal
Rescheduled for Q2 FY16

Software Development
34

Operationalize the new NRAO Archive and RPI

Delayed

35

Implement CASA calibration pipeline in production for the VLA

Completed

36

Release CASA version 4.3

Completed

37

Release CASA version 4.4

Completed

38

Implement PST updates for Semester 2015B Call for Proposals

Completed

POP Goals for Q2 and Q3
FY16
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Task Name

Final Status

39

Implement PST updates for Semester 2016A Call for Proposals

40

Implement PHT updates for Semester 2015B TAC Meeting

Completed

41

Implement PHT updates for Semester 2016A TAC Meeting

Completed

42

Implement OPT updates for Semester 2015A VLA Observing

Completed

43

Implement OPT updates for Semester 2015B VLA Observing

Completed

44

Create Architecture for Observatory Tools

45

Expand CASA Test Scope

Completed

46

Hand over ALMA Testing to Chile

Completed

8.5

Explanation of the
Schedule
Variances

Completed

Delayed

POP Goal for Q2 FY16

Program Management Department
Headquarters

1

SOP and Templates available

2

Quarterly Status Updates

Completed
Completed

3

Program Operating Plan (if required)

Completed

4

Long Range Plan (if required)

5

Annual Progress Summary

n/a

6

Finalize NM Ops and DMS Training Plan (1st Phase)

Completed

7

PM 101 Training

Completed

8

SE 101 Training

Completed

9

Retrospective Analysis of CASA 4.4 Release

Completed

10

Host learning session

Completed

11

Host learning session

Completed

12

Host learning session

Completed

13

Host learning session

Completed

14

Develop Training Plan

Completed

15

Training lessons provided

Completed

16

Training lessons provided

Completed

17

Training lessons provided

Completed

18

Training lessons provided

Completed

19

Facilitate Concept Feasibility Gate

Completed

20

Call for Study Proposals

Completed

21

Finalize Green Bank Training Plan

Completed

22

PM/SE Implementation Training

Completed

23

Host learning session

Completed

24

Host learning session

Completed

25

Host learning session

Completed

26

Host learning session

Completed

Completed

(this document)

New Mexico

Central Development Laboratory

Green Bank

10.3

Education and Public Outreach
STEM Education

1

Second round of SJS professional development meetings for educators

2

Curriculum development for SJS web portal complete

Completed
Ongoing

3

Develop “vision” for new VLA Visitor/Education Center

Completed

4

Develop plan for VLA Visitor/Education Center Capital Fundraising

Completed

01/01/16 delivery
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Task Name

Final Status

Explanation of the
Schedule
Variances

Campaign
5

Develop VLA Visitor/Education Center business/operations plan

Canceled/delayed

6

Create VLA Visitor/Education Center exhibit theming plan.

Canceled/delayed

7

Decide upon admission fee structure for existing VLA Visitor Center

Completed

8

Implement new admission fee at VLA Visitor center on 1 January 2015

Completed

9

Completed

13

Complete Interpretive Training for J. Stanley and L. Baric
Complete plan for recruitment and training of VLA Visitor Center
volunteer guides
STEM Career Day at Dominion Virginia Electric
10th Grade STEM Day at Piedmont Virginia Community College (if
invited)
STEM Career Focus videos

14

SPOT: Introduce new feature presentation

15

SPOT: Recruit new UVa-based undergraduate ambassadors

10
11
12

Canceled/Delayed

New vision in dev, will need
new plan in FY
New vision in dev, will need
new plan

New vision in dev, will need
new plan

Completed
Completed
Completed
Completed
Canceled

Zero UVA undergrad interest
Site is now Joomla3. WebDev
left in June, some J3 features
incompatible w/iOS, MySQL,
search, so site not 100%

News and Public Information
16

Convert NRAO public website to Joomla 3 CMS

Completed
Ongoing

17

New server-based popular content caching

Completed

18

New planetary system content for The Milky Way Explorer

Completed

19

New Local Group content for The Milky Way Explorer

Completed

20

Functional spec and design completed for “RadioSky” app

Completed

21

iOS version of “RadioSky” app ready for beta testing

Completed

11.4

Computing & Information Services

1

Cross training for coverage between sites

Completed

2

ITIL training for staff

Completed

3

CCE coordination meeting

Completed

4

Migration to Windows 7 compete

Completed

5

Evaluation of Windows 8

Completed

6

Migration to RHEL 6

Completed

7

Replace Network Attached Storage in GB

Completed

8

Document Management system

Completed

9

Network upgrade review

Completed

10

Bro IDS installed at gigabit speeds

Completed

11

Service availability and location review

Completed

12

Replacement of end-of-life Video Hub

Completed

13

Replacement of legacy room reservation SW

Completed

Use of thin clients to replace desktops

Completed

14
12.3

Diversity
Diversity Council

1

Office of Diversity Initiatives/Diversity Council

2

ODI review diversity portfolio/programs, plans to establish metrics

3

Completed

ODI – host external diversity review committee, coordinate logistics of
NAC III workshop, prepare budget

Completed
Completed NACIII
Workshop and
Budget Cancelled –
host external
diversity review

ODI Program Director
resigned in July. New ODI
Director Hired. Hosting
external diversity review
committee portion of this goal
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Task Name

Final Status
committee

Explanation of the
Schedule
Variances
is cancelled.

National/Domestic Outreach
4

Undergraduate Intern Program for SOC Electronics Division

Completed

5

LSAMP, NAC, SOC Summer Youth Employment Program, PING,
African American Teaching Fellows coordination

All Completed
Except LSAMP

6

Partnership with Native American point of contact and designate
representative from CV and SOC

Completed
(Coordination with
EPO)

7

NINE- NRAO Staff to South Africa – teaching and recruitment

Completed

8

UVA/NRAO Chilean PhD Sponsorship

Cancelled

LSAMP program cancelled due
to Coordinator being assigned
to Chile and UVA Sponsors on
sabbatical

International Outreach
Incorporated into NINE
program

Improve Workplace Culture
9

Diversity and Cultural Awareness Training #1

Completed

10

Diversity and Cultural Awareness Training #2

Completed

13.7

1

2
3

4
5
6
7

8

9

10

Human Resources
Policy
Complete the final revisions, formatting and refinement of the combined
Supervisor’s Manual and Employee Handbook and ensure posting
readiness to NRAO internal website. Obtain appropriate legal review
and final review/ approval from NRAO and AUI
Training
Deliver 4 newly designed Mgmt/Supervisory courses. Courses are: 1)
Time off/Attendance/FML, 2) Harassment/ Bullying/Discrimination, 3)
The Electronic PEP Process, and 4) Effective Planning and Goal Setting
Design two new Mgmt/Supervisory courses
Compensation
Ensure all reconfiguration changes/improvements are complete in order
to launch the electronic PEP process for the FY14 performance period
All preparations complete and salary review worksheets are open to pay
decision managers for final merit review decisions
Participate in all credible/scheduled salary survey sources and conduct
analysis of benchmark jobs
Job Description Builder module added to Halogen System. HR Staff will
be trained on how to be administrators/users
Benefits
HR prepares and distributes all open enrollment materials to employees
and makes enrollment changes into JDE and with vendors
Create and deliver targeted wellness program and processes to address
high frequency/high cost illness/injury areas to employees and the
Observatory. Proactively identify others trending towards high
frequency/high cost
NRAO HR partners with AUI to review and identify health plan design
changes for the next calendar year
Employment

11

Update WFM and Staffing Plans

12

Implement Phase I Succession Planning

Completed

Completed
Completed

Completed
Completed
Completed
Completed

Completed

Cancelled

Budget allocated for the
wellness program will be
utilized to offset increased
health insurance premiums for
staff

Completed

On-Going

Scope increased due to
outcome of Strategic Planning
& Staffing Summit

Human Resources
14.1

Completed

Communications
Science Communications

1

Complete science meeting exhibit re-design

Completed
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Task Name
2

Final Status

Update Research Facilities brochure

Completed

3

Submit 2016 AAAS science symposium proposal

Completed

4

Publish 2014 NRAO Annual Report

15.6

1
2
3

Delayed

Completed 27 Oct 2014

Canceled

Space is not needed at this
time

Administration
Business Services
Index and box ALMA Construction documents. Identify and contract
with an off-site storage facility
Establish a time-line and strategize the design of a new chart of accounts.

Completed

Gather and enter all final revenues, expenses, and adjustments
Review current methodologies. Prepare new ones and review with site
directors and NRAO Director.
CAP
Design policy, review and socialize with assistant directors and business
managers
Design program and obtain approval of Assoc. Director of
Administration
Design a purchasing training program for users of the purchasing and
requisition systems and obtain approval of Assoc. Director of
Administration
ES&S

Completed

8

Implement Hazcom Database

Completed

9

Complete ES&S Supervisory Safety training modules

Completed

10

MIS
Top-level gap analysis review of the JD Edwards enterprise resource
planning (ERP) system
Load new or updated JD Edwards modules

Completed

4

5
6
7

11

12
13
16.5

Explanation of the
Schedule
Variances

TTO
Identify from IP Asset Register, review choices through selection
committee, begin commercialization efforts
Collaborate with UVA and NRAO software imaging designers to gauge
interest in medical imaging conference. Raise money for conference
Spectrum Management

Completed

Completed
Completed
Completed

Completed

Completed
Canceled

No interest from UVA at this
time

Spectrum Management
1

Iridium: Initial discussions

Completed

2

ITU-R: SG7 WP 7D meetings

Completed

3

ITU-R: WP 5B meeting

Completed

4

ITU-R: CPM15-2

Completed

5

IUCAF: Assume IUCAF chair at IAU GA

Completed

WV Radio Quiet Zone
6
17.1

Replace propagation software for WV quiet zones

Completed

Director’s Office
ALMA

1

ALMA Board Meeting

Completed

2

ALMA Director’s Council

Completed

3

ALMA Completion Review

Completed

4

AUI Board of Trustees meetings

Completed

5

AUI Executive Committee meetings

Completed

6

Appoint new Users Committee members

Corporate Meetings

Science Community
Completed
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Task Name

Final Status

7

Users Committee meeting

8

NSF Annual Program Review

Completed

9

All Hands presentation

Completed

Explanation of the
Schedule
Variances

Completed

Management Review
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APPENDIX B: FINANCIAL PLAN COMPLETION MATRIX
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APPENDIX C: FY15 ANNUAL OBSERVATORY METRICS
C.1 NRAO Telescope Usage
The following tables and charts provide a detailed accounting of the use of the NRAO telescopes –
ALMA, VLA, VLBA, and GBT – for 1 October 2014 through 30 September 2015. The total available
time at each telescope in FY15 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 Astronomy1 = Actual hours of observing time for peer-reviewed science proposals.
o Downtime = Hours lost during scheduled observing time peer-reviewed science
proposals.
Scheduled hours = [ Astronomy1 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 was reconfigured to long baselines beginning in from early September until November 2014 and
in February and March 2015 the array was in engineering and commissioning status.
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 2105 was consistent with the time required in previous years.
There is a significant allocation of test time at the VLA to support commissioning tests for new EVLA
capabilities. The average observing time is still gradually increasing and is presently higher than before
the upgrade to the EVLA.
VLBA observing hours are steadily increasing year-to-year. The monthly average observing time has also
exceeded previous records.

1

The term Astronomy is used here for consistency with previous annual reports. More correctly, it
should be Observing, since it now includes non-astronomical observing of confidential proposals. In
this appendix, details of such proposals will appear as closed or Unspecified.
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ALMA Observing Hours FY2015
700.0
600.0
500.0

Scheduled

400.0

Astronomy
Downtime

300.0

Maintenance

200.0

Test

100.0

Unscheduled
Shutdown

‐

GBT Observing Hours FY2015
700.0
600.0
500.0
400.0
300.0
200.0
100.0
‐

Scheduled
Astronomy
Downtime
Maintenance
Test
Unscheduled
Shutdown
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VLA Observing Hours FY2015
700.0
600.0
500.0

Scheduled

400.0

Astronomy
Downtime

300.0

Maintenance

200.0

Test

100.0

Unscheduled
Shutdown

‐

VLBA Observing Hours FY2015
700.0
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400.0

Astronomy
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Downtime
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200.0
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‐
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Shutdown
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C.2 NRAO Telescope OpenSkies Usage
The vast majority of telescope time is competitively awarded by the NRAO for the scientific use of its
telescopes on the basis of scientific merit and technical feasibility, and in accordance with the NRAO’s
policy of non-discrimination and inclusion. However, a growing amount of telescope time is also being
awarded to closed1 or sponsored projects, which are specially funded. Sponsored projects are also
approved via a Memorandum of Understanding (MoU) with the NRAO. The charts indicate, for each
telescope, the number of hours assigned to competitively awarded time (OpenSkies) and time awarded
under sponsors and MoUs.

GBT OpenSkies & Sponsors FY15

27
86.5

5406.41

open
closed

42.25
471.75

NYUAD
358.25

RadioAstron
WVU

VLA OpenSkies & Sponsors FY15

open

6053.35

33.87

28.57

closed
ROE
RadioAstron
SHAO

5.3
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VLBA OpenSkies & Sponsors FY15
7.22
open
206.33
4591.57

closed
RadioAstron

300.65

SHAO
87.1

NYUAD
RadioAstron
ROE
SHAO
USNO
WVU

USNO

New York University Abu Dhabi, United Arab Emirates
RadioAstron (Spectrum-R) Satellite, Russian Federation
Royal Observatory Edinburgh, United Kingdom
Shanghai Astronomical Observatory, China
United States Naval Observatory, USA
West Virginia University, USA
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C.3 NRAO Telescope Usage by Principal Investigator
The following table and charts provide a detailed accounting (hours and percentages) of the FY15 use of
ALMA, VLA, VLBA, and GBT by: (a) domestic (U.S.) and foreign (non-U.S.) Principal Investigators (PIs);
and (b) by the astronomical community, graduate students, and NRAO staff. Only observing hours
serviced by the North American (NA) Executive are included for ALMA. Sponsored projects are
included, and note Unspecified.1
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C.4 NRAO Telescope Usage by Science Category
The following tables and charts provide a detailed accounting of NRAO observing hours at the ALMA,
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, and in the five categories used
by the ALMA process. [Note Unspecified.1]
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C.5 NRAO Telescope Usage by PI’s Country and U.S. state
The following figure lists the FY15 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 hours; 478 ALMA,
4788 GBT, 3490 VLA, and 2707 VLBA.

DE
AU
JP
GB
MX
NL
CN
ES
CA
FR
RU

Germany
Australia
Japan
United Kingdom
Mexico
Netherlands
China
Spain
Canada
France
Russia

CL
IT
TW
SE
IN
ZA
DK
AE
BE
AT
PL

Chile
Italy
Taiwan
Sweden
India
South Africa
Denmark
United Arab Emirates
Belgium
Austria
Poland

KR
GR
IL
CH
AR
HK
BR
FI
PT
IE
XX

South Korea
Greece
Israel
Switzerland
Argentina
Hong Kong
Brazil
Finland
Portugal
Ireland
Unspecified1
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The following figure shows the distribution of the hours by the PI’s U.S. state of residence. This includes
Puerto Rico and the District of Columbia.
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C.6 Observing Proposals Submitted for NRAO Semesters 2015B and 2016A
The following tables and chart describe the community response to the NRAO Calls for Proposals for
Semesters 2015B and 2016A. 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 (time requested/time available) for each telescope and for all NRAO instruments.
The chart illustrates the percentage of 2015B and 2016A proposals that fell in each science category for
each telescope and in total.
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C.6A Observing Proposals Submitted for ALMA Cycle 3
The following tables and chart describe the community response to the ALMA Call for Proposals for
Cycle 3. The first table lists the distribution of proposed science categories for the submitted proposals.
The second table provides the total number of proposals by executive. The chart illustrates the
percentage of Cycle 3 proposals that fell in each science category for each executive and in total. The
over-subscription proposal pressure (time requested/time available) was 4.3.

CL
EA
EU
GB
OTHER

CL
East Asia
Europe
North America
Elsewhere
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C.7 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.8 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 FY14. 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.
The retrieval volume for the GBT is apparently, but not actually, much lower than the other
instruments. This is because most observing data, especially private data, is accessed directly from local
disks in Green Bank. Unlike other instruments, the data is not first written to an archive for initial
retrieval.
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APPENDIX D: ACRONYMS
Acronym
AAAS
AAS
AAT
ACEAP
ACU
ADE
ADC
AGN
ALMA
AoD
AOS
API
APP
ARC
ARDG
ASA
ASDM
ASIAA
ATI
AUI
BAE
BBC
BE
CAP
CASA
CBE
CCA
CCB
CCE
CDE
CDL
CfP
CIS
cm
C0, C1, C2, C3
COM
CORF
CPLD
CS
CTS
CV
DARE
DAs
dB
DDC

Definition
American Association for the Advancement of Science
American Astronomical Society
Archive Access Tool
Astronomy in Chile Educator Ambassadors Program
Antenna Control Unit
ALMA Department of Engineering
Analog to digital converter
Active Galactic Nuclei
Atacama Large Millimeter/submillimeter Array
Astronomer on Duty
Array Operations Site (ALMA, Chile)
Atmospheric Phase Interferometer
ALMA Phasing Project
ALMA Regional Center
Algorithm research and development group
ALMA Science Archive
ALMA Science Data Model
Academia Sinica Institute for Astronomy and Astrophysics
Advance Technologies and Instrumentation
Associated Universities, Incorporated
British Aerospace
Base Band Converter
Back End
Contracts and Procurement
Common Astronomy Software Applications
Correlator Back-End
Cold Cartridge Assembly
Caltech Continuum Backend
Common Computing Environment
Community Day Events
Central Development Laboratory
Call for Proposals
Computing and Information Services
Centimeter
ALMA Cycles
NRAO Communications Office
Committee on Radio Frequencies
Complex Programmable Logic Device
Contact scientist
CCA test set
Charlottesville, VA
Dark Ages Radio Explorer
Data Analysts
Decibel
Digital Down-Converter
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Acronym
DMS
DO
DS
DSO
DSOC
DSP
DTS
EOC
EoR
EPO
ESO
ES&S
EVLA
EVN
FCC
FE
FEHV
FEMC
FETIM
FETMS
FRB
FPGA
FRM
FTE
FY
GB
Gbps
GBSE
GBT
GHz
GO
GPU
GUI
GUPPI
HERA
HPC
HR
HSA
HVAC
IAU
ICT
IET
IF
IHE
InP
IPT
IRD

Definition
Data Management and Software Department
Director’s Office
Data Scientists
Division of Science Operations - ALMA
Domenici Science Operations Center
Digital Signal Processing
Data Transmission System
Optimization of Capabilities
Epoch of Reionization
Education and Public Outreach
European Southern Observatory
Environment, Safety, and Security
Expanded Very Large Array Project
European VLBI Network
Federal Communications Commission
Front End
Front End Handling Vehicle
Front End Monitor and Control
FE Thermal Interlock Modules
Front End Test and Measurement System
Fast Radio Burst
Field-programmable Gate Array
Focus Rotation Mount
Full-Time Equivalent
Fiscal Year (1 October through 30 September)
Green Bank, WV
Giga-bits per second
Green Bank Session Editor
Green Bank Telescope
Gigahertz
General Observing
Graphics Processing Unit
Graphical User Interface
Green Bank Ultimate Pulsar Processing Instrument
Hydrogen Epoch of Reionization Array
High Performance Computing
Human Resources
High Sensitivity Array
Heating, ventilation, and air conditioning
International Astronomical Union
Integrated Computing Team
Integrated Engineering Team
Intermediate Frequency
Institutions of Higher Education
Indium Phosphide
Integrated Product Team
Integrated Receiver Development
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Acronym
ISM
IT
ITIL
ITU-R
IUCAF
JAO
JD
JDE
JPL
K
k
kHz
km
km/s
kpc
LMT
LoFASM
LO
LSAMP
LSM
m
M
Mbps
MCAF
MEASURE
MHEMT
MHz
MIC
MIS
MIT
MJP
mm
mm/submm
MMIC
MPIfR
as
Jy
MUSTANG
NA
NAASC
NAC
NAIC
NANOGrav
NAOJ
NAS

Definition
Interstellar medium
Information Technology
Information Technology Infrastructure Library
International Telecommunication Union-Radio (communications sector)
Scientific Committee on Frequency Allocations for Radio Astronomy and Space
Science
Joint ALMA Observatory
Job Description
JD Edwards
Jet Propulsion Laboratory
1,000
kilo
kiloHertz
kilometer
kilometer per second
kiloparsecs
Large Millimeter Telescope
Low Frequency All-Sky Monitor Project
Local Oscillator
Louis Stokes Alliance for Minority Participation
Local staff members
meter
Million
Mega-bits per second
Meta-data Capture and Format
Magnetometers along the Eastern Atlantic Seaboard for Undergraduate
Research and Education
Metamorphic High Electron Mobility Transistor
Megahertz
Microwave Integrated Circuit
Management Information Services
Massachusetts Institute of Technology
Modified J-Pole
millimeter
Millimeter/submillimeter
Monolithic Millimeter-wave Integrated Circuit
Max Planck Institut für Radioastronomie
Micro-arcsecond
microJansky
Multiplexed SQUID/TES Array for Ninety Gigahertz
North American
North American ALMA Science Center
National Astronomy Consortium
National Association of Insurance Commissioners
North American NanoHertz Observatory for Gravitational Waves
National Astronomical Observatory of Japan
Network Attached Storage
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Acronym
NASA
NINE
NIO
NIST
NM
NRAO
NRC
NRQZ
NSF
NSF-AST
NTC
NWNH
OCA
OEWG
OMT
OPT
OSF
OSHA
OT
OTFM
PAF
PAPER
pc
PEP
PFB
PHT
PI
PING
PM/SE
PMD
PMI
PO
POP
PSC (EPO)
PSC (DMS)
PST
Q1
Q2
Q3
Q4
QA
R&D
RET
REU
RF
RFI
RSRO

Definition
National Aeronautics and Space Administration
NRAO International and National Exchange Program
New Initiatives Office
National Institute of Standards and Technology
New Mexico
National Radio Astronomy Observatory
National Research Council
National Radio Quiet Zone
National Science Foundation
National Science Foundation – Division of Astronomical Sciences
NRAO Technology Center (Charlottesville, VA)
2010 Decadal Survey “New World New Horizons”
Office of Chile Affairs
Open ended waveguide
OrthoMode Transducer
Observation Preparation Tool
Operations Support Facility (ALMA, Chile)
Occupational Safety and Health Administration
Observing Tool
On-The-Fly-Mosaicing
Phased Array Feed
Precision Array to Probe the Epoch of Reionization
parsec
Performance Evaluation Process
Polyphase Filterbank
Proposal Handling Tool
Principle Investigator
Physics Inspiring the Next Generation
Project Manager/Systems Engineer
Program Management Department
Project Management Institute
Purchase Order
Program Operating Plan
Pulsar Search Collaboratory
Pittsburgh Supercomputing Center
Proposal Submission Tool
Quarter 1 (October – December)
Quarter 2 (January – March)
Quarter 3 (April – June)
Quarter 4 (July – September)
Quality Assurance
Research and Development
Research Experiences for Teachers
Research Experiences for Undergraduates
Radio Frequency
Radio-Frequency Interference
Resident Shared Risk Observing
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Acronym
SB
SE
SCR
SHAO
SIS
SJS
SKA
SMBH
SOP
SOS
SPOT
SQUID
SRO
SRP
SSO
SSR
STEM
submm
SUS
TAC
THz
TSG
TTA
TTO
URSI
U.S.
UPS
UVA
UVML
v
VA
VEGAS
VLA
VLASS
VLBA
VLBI
VLITE
VME
WFO
WIDAR
WRC
WV
WVR
WVRAZ
WVU
yr

Definition
Scheduling Block
Systems Engineering
Silicon Controlled Rectifier
Shanghai Astronomical Observatory
Superconductor–Insulator–Superconductor
Skynet Jr. Scholars
Square Kilometre Array
Supermassive Black Hole
Standard Operating Procedure
Student Observing Support
Space Public Outreach Team
Superconducting Quantum Interference Device
Shared Risk Observing
Science Review Panel
Single Sign-On
Science Support and Research
Science, Technology, Engineering, and Mathematics
submillimeter
Science User Support
Time Allocation Committee
TeraHertz
Telescope Support Group
Telescope Time Allocation
Technology Transfer Office
International Union of Radio Science
United States of America
Uninterruptible Power Supply
University of Virginia
University of Virginia Microfabrication Laboratory
Volt
Virginia
VErsatile GBT Astronomical Spectrometer
Very Large Array
VLA Sky Survey
Very Long Baseline Array
Very Long Baseline Interferometry
VLA Low Band Ionospheric and Transient Experiment
Versa Module Europa
Work for Others (non-NSF CSA, SPO grants)
Wideband Interferometric Digital ARchitecture
World Radiocommunication Conference
West Virginia
Water Vapor Radiometry
West Virginia Radio Astronomy Zone
West Virginia University
year
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APPENDIX E: ORGANIZATIONAL CHART

NRAO | Annual Progress Report FY2015

122

