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1

Overview

The Annual Performance Report (APR) compiles the summary information from four ~100
page Quarterly Status Reports into a single document. It provides an abbreviated review of all
the work that is outlined in the NRAO Program Operating Plan FY2012. The purpose of the
APR is to evaluate planned versus actuals milestones and financial performance. Throughout
this Summary, when a date is quoted without a year, 2012 is implied. Similarly, when a quarter,
such as Q4, is quoted without a fiscal year, FY2012 is implied.
The APR does not replace the NRAO Annual Report. The Annual Report summarizes the
numerous science, development, operations and construction activities that are conducted
across the Observatory during the fiscal year. The Annual Report is typically made available for
viewing on-line through the science.nrao.edu link and can also be downloaded in Adobe
Acrobat pdf format.
The format of this document is currently being evaluated in light of an NSF-approved structure
change for the FY13 Quarterly Status Updates which feed this document. The QSUs will be a
significantly abbreviated exception report. The FY13 Annual Progress Report will then also
change to a more significant document.

2

Science Highlights

NRAO is delivering major new capabilities for the science community and our operational
telescope facilities are producing outstanding science across all of modern astrophysics,
addressing many of the key science questions posed by the Astro2010 Decadal Survey New
Worlds, New Horizons (NWNH) report. At the same time, construction of two major new
research facilities is progressing well and nearing completion.

Atacama Large Millimeter/submillimeter Array
Imaging Gas in a Proto-planetary Disk: A detailed analysis of the spatially and spectrally resolved
12
CO J=2-1 and J=3-2 emission lines in the TW Hya circumstellar disk, as seen in Atacama
Large Millimeter/submillimeter Array (ALMA) science verification data, are reasonably modeled
by a warped disk on astronomical-unit scales. A massive planet embedded in the disk could
generate such a warp.
Publication: Rosenfeld, K.A.; Chunhua, Q.; Andrews, S.A.; Wilner, D.J.; Corder, S.A.; Dullemond, C.P.; Lin,
S.-Y.; Hughes, A.M.; D’Alessio, P.; Ho, P.T.P.: 2012, ApJ, 757, 129.
Sugar Detections around a Proto-star: Thirteen transitions of glycolaldehyde (HCOCH2OH) have
been detected with ALMA at 220 GHz (6 transitions) and 690 GHz (7 transitions) in the
spectrum of the class 0 protostar IRAS 16293-2422, an early-phase, solar-type binary.
Glycolaldehyde is the simplest sugar and an important intermediate in the path toward forming
more complex biologically relevant molecules.
Publication: Jorgensen, J.K.; Favre, C.; Bisschop, S.E.; Bourke, T.L.; van Dishoeck, E.F.; Schmalzl, M.:,
2012, ApJ Letters, 757, L4.
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[C II] Line Emission in Massive Star-forming Galaxies at z = 4.7: The [CII] line at 158 m is the best
tracer of cool atomic gas in high redshift galaxies. With just 16 antennas in 20 min at 340 GHz,
ALMA has acquired the deepest observations by 10X at these frequencies, observing the dust
continuum and [CII] emission from canonical starburst group galaxies at z = 4.7. Three galaxies
were detected, including a FIR-luminous quasar, a hyper-starburst galaxy, and a normal starforming galaxy, revealing early massive galaxy formation in a merging, starburst group.
Publication: Wagg, J.; Wiklind, T.; Carilli, C. L.; Espada, D.; Peck, A.; Riechers, D.; Walter, F.;
Wootten, A.; Aravena, M.; Barkats, D.: et al., 2012, ApJ Letters, 752, L30.
ALMA CO and VLT/SINFONI H2 Observations of the Antennae Overlap: Super-giant molecular
complexes (SGMCs) in the Antennae galaxy merger (NGC 4038/39) were imaged with ALMA
in CO 3-2 emission, and in H2 1-0 S(1) with VLT/SINFONI. H2/CO line ratios vary by up to 10X
among SGMCs, including a 50 parsec pre-cluster cloud that has not yet formed significant
numbers of massive stars. These observations demonstrate that the H2 emission is powered by
shocks, and how H2 1-0 S(1) and CO(3-2) lines can be used as tracers of energy dissipation and
gas mass.
Publication: Herrera, C. N.; Boulanger, F.; Nesvadba, N. P. H.; Falgarone, E., 2012, A&A, 538, L9.

Green Bank Telescope
HI Intensity Mapping: HI intensity mapping in the redshift range 0.6 < z < 1 was conducted with
the Robert C. Byrd GBT over two fields totaling ~ 41 deg2 in the WiggleZ Dark Energy Survey
area. These GBT images represent the integrated HI surface brightness of thousands of galaxies
over large cosmic volumes. The cross-correlation with the smoothed optical spectroscopic data
shows a clear correlation, indicating HI signal on degree-scales. The HI intensity is consistent
with optical quasar absorption line measurements for the evolution of the cosmic HI mass
density.
Publication: Masui, K.W.; Switzer, E.R.; Banavar, N.; Bandura, K.; Blake, C.; Calin, L.-M.; Chang, T.-C.;
Chen, X.; et al: submitted ApJ Letters, arXiv 1208.0331.
GBT and Lab Astrochemistry Find New Molecule: A comparison of lab spectra from the University
of Virginia astrochemistry group with the GBT Prebiotic Interstellar Molecule Survey (PRIMOS)
has identified a new ISM molecule, an isomer of methyl formate, toward Sgr B2. These results
highlight the synergy between laboratory chemistry and astrochemistry. The difference in the
rotational temperatures of the two conformers of methyl formate suggests that they have
different spatial distributions in this source, or the system is not in thermodynamic equilibrium
Publication: Neill, J.L.; Muckle, M.T.; Zaleski, D.P.; Steber, A.L.; Pate, B.H.; Lattanzi, V.; Spezzano, S.;
McCarthy, M.C.; Remijan, A.J., 2012, ApJ, 755, 153.
Blind Detections of CO J = 1-0 in 11 H-ATLAS Galaxies at z = 2.1-3.5 with the GBT/Zpectrometer:
Herschel has identified large samples of gravitationally lensed, very dusty, far-infrared luminous
star forming galaxies, but optical redshifts are difficult to obtain due to obscuration. The ultrawide bandwidth GBT Zpectrometer has become a powerful tool to measure these redshifts
and study molecular gas properties in early galaxies.
Publication: Harris, A. I.; Baker, A. J.; Frayer, D. T.; Smail, Ian; Swinbank, A. M.; Riechers, D. A.;
van der Werf, P. P.; Auld, R.; Baes, M.; Bussmann, R. S.; Buttiglione, S., 2012, ApJ, 752, 152.
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Interacting Cosmic Rays with Molecular Clouds: A Bremsstrahlung Origin of Diffuse High Energy
Emission from the Inner 2deg by 1deg of the Galactic Center: Diffuse -ray emission (1-300 Gev)
from the Galactic Center has been difficult to explain. A GBT 1.4 GHz synchrotron image
compared with the Fermi -ray image show a clear correlation, indicating that the -ray are
produced by thermal bremstrahlung due to interaction of the synchrotron emitting relativistic
electrons with the thermal gas.
Publication: Yusef-Zadeh, F.; Hewitt, J.W.; Wardle, M.; Tatischeff, V.; Roberts, D.; Cotton, W.;
Uchiyama, H.; Nobukawa, M.; Tsuru, T. G.; Heinke, C.; Royster, M., submitted to ApJ.
Constraining Fundamental Constant Evolution with H I and OH Lines: The authors present GBT
observations of HI 21 cm and OH 18 cm absorption at z = 0.765 toward the radio-loud quasar
PMN J0134-0931. A comparison between the satellite 18cm OH line redshifts, or between the
redshifts of the 21cm HI and main 18cm OH lines, is sensitive to changes in different
combinations of the fine structure constant α, the proton-electron mass ratio μ ≡ mp /me , and
the proton g-factor gp . A comparison between the redshifts of the 21cm HI and 18cm OH lines
yields the strong constraint [ΔF/F] = [ -5.2 ± 4.3] × 10-6, where F ≡ gp [μα2]1.57. Incorporating
other observations, the authors obtain [Δα/α] = (-1.7 ± 1.4) × 10-6 over a look-back time of 6.7
Gyr.
Publication: Kanekar, N.; Langston, G. I.; Stocke, J. T.; Carilli, C. L.; Menten, K. M., 2012, ApJ Letters,
746, L16.
Planck Early Results XVIII.The Power Spectrum of Cosmic Infrared Background Anisotropies: Cosmic
infrared background (CIB) anisotropies trace large-scale structures and probe the clustering
properties of galaxies, which link to those of their hosting dark matter halos. HI data is
necessary to separate CIB and Galactic cirrus fluctuations. CIB anisotropy maps reveal
structures produced by the cumulative emission of high-redshift, dusty, star-forming galaxies.
These Planck maps of six regions of low Galactic dust emission rule out the linear scale- and
redshift-independent bias models. The authors develop an alternative model that couples a
dusty galaxy, parametric evolution model with a simple halo-model approach that provides an
excellent fit to the measured anisotropy angular power spectra.
Publication: Ade, P. A. R.; Aghanim, N.; Arnaud, M.; Ashdown, M.; Aumont, J.; Baccigalupi, C.; Balbi, A.;
Banday, A. J.; Barreiro, R. B.; Bartlett, J. G.; et al., 2011, A&A, 536, A18.
Herschel Observations of a Potential Core-forming Clump: Perseus B1-E: The formation mechanisms
of molecular cloud cores, where stars form, remain a mystery. A combination of Herschel farinfrared measurements and GBT spectral line measurements allow the authors to identify
regions in the Perseus B1-E molecular cloud that appear to be self-gravitating and likely to form
cloud cores. The authors propose that the region may be forming a first generation of dense
cores and further study could provide important constraints on the initial conditions of prestellar core formation.
Publication: Sadavoy, S. I.; di Francesco, J.; André, Ph.; Pezzuto, S.; Bernard, J.-P.; Bontemps, S.;
Bressert, E.; Chitsazzadeh, S.; Fallscheer, C.; Hennemann, M.; Hill, T.; Martin, P.; Motte, F.;
Nguyen Luong, Q.; Peretto, N.; Reid, M.; Schneider, N.; Testi, L.; White, G. J.; Wilson, C., 2012, A&A,
540, A10.
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Expanded Very Large Array / Karl G. Jansky Very Large Array
Imaging Molecular Gas in Early Disk Galaxies: Aravena et al. surveyed a group of star-forming disk
galaxies at z=1.5 for CO 1-0 emission with the Karl G. Jansky Very Large Array (VLA). Two
known group galaxies were detected in CO emission. They also performed a blind search of
the wide VLA band, and found CO emission from two other galaxies in the field. These
observations demonstrate that star-forming disk galaxies during the peak epoch of cosmic star
formation contain large masses of molecular gas, without extreme starbursts. The gas masses
are greater than the stellar masses, indicating a fundamental change in galaxy properties during
the epoch of galaxy assembly.
Publication: Aravena, M.; Carilli, C.L.; Salvato, M.; Tanaka, M.; Lentati, L.; Schinnerer, E.; Walter, F.;
Riechers, D.; et al., 2012, MNRAS, 426, 258.
Imaging Molecular Gas in Forming Massive Galaxies: Ivison et al. image the CO emission from two
far-infrared-luminous radio galaxies at z ~3-3.5 using the Very Large Array and the Plateau de
Bure Interferometer. These data reveal extreme, dense starbursts in complex, merging gas rich
galaxies. The authors see evidence for AGN feedback on the molecular gas through enhanced
turbulence and high CO excitation.
Publication: Ivison, R.J.; Smail, I.; Amblard, A.; Arumugam, V.; De Breuck, C.; Emonts, B.H.C., Feain, I.; et
al. 2012, MNRAS, 425, 1320.
A Pilot Imaging Line Survey of RW LMi and IK Tau Using the Expanded Very Large Array: Asymptotic
Giant Branch (AGB) outflows are key to ISM molecule and dust enrichment (mass loss rate ~
10-4 M/yr). A pilot imaging line survey for 2 AGB stars was conducted with the new 36 GHz
VLA band and 1 km/s spectral channels. Radio continuum emission consistent with
photospheric emission was detected from both stars. HC3N (J = 4-3) emission images of RW
LMi revealed multiple shells that trace the evolution of the circumstellar envelope from 400 –
1200 years on the road to formation of a planetary nebula.
Publication: Claussen, M. J.; Sjouwerman, L. O.; Rupen, M. P.; Olofsson, H.; Schöier, F. L.; Bergman, P.;
Knapp, G. R., 2011, ApJL, 739, L5.
Expanded Very Large Array Observations of Galactic Supernova Remnants:Wide-field Continuum and
Spectral-index Imaging: The new wide-field, wide-band, high dynamic range imaging capabilities of
the Very Large Array provide simultaneous total intensity and spectral index. Techniques are
demonstrated to image structures as large as the 1.4 GHz primary beam, such as the supernova
remnant G55.7+3.4.
Publication: Bhatnagar, S.; Rau, U.; Green, D. A.; Rupen, M. P., 2011, ApJ L, 739, L20.
The intense starburst HDF 850.1 in a Galaxy Overdensity at z ≈ 5.2 in the Hubble Deep Field:
HDF850.1 was the first optically obscured, distant extreme starburst submm galaxy to be
discovered. For more than a decade, and despite significant efforts, no counterpart was found
at shorter wavelengths, and it was not possible to determine its redshift, size or mass. The
authors report a redshift of z = 5.183 for HDF850.1 determined from a millimeter-wave
molecular line scan using the VLA and the Plateau de Bure interferometers. This places
HDF850.1 in a galaxy overdensity at z~5.2, only 1.1 billion years after the Big Bang. This redshift
is significantly higher than earlier estimates and higher than those of most of the hundreds of
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submm galaxies identified to date. The source has a star-formation rate of 850 M/year and is
spatially resolved on scales of 5 kpc, with an implied dynamical mass of about 1.3×1011 M, a
significant fraction of which is present in the form of molecular gas. Despite the accurate
redshift and position, a counterpart emitting starlight is not seen.
Publication: Walter, F.; Decarli, R.; Carilli, C.; Bertoldi, F.; Cox, P.; da Cunha, E.; Daddi, E.; Dickinson, M.;
Downes, D.; Elbaz, D.; Ellis, R.; Hodge, J. 2012, Nature, 486, 7402.
JVLA Imaging of 12CO J=1-0 and Free-free Emission in Lensed Submillimetre Galaxies: Using
gravitational lensing to magnify distant galaxies, the Very Large Array has imaged the molecular
gas in a set of lower luminosity star-forming galaxies at z~2.5. Large rotating disks are seen,
containing warm molecular gas. They also detect thermal free-free emission for the first time in
distant galaxies, providing the best measure to date of star formation rates.
Publication: Thomson, A. P., Ivison, R. J., Smail, I., Swinbank, A. M., Weiss, A., J.-P. Kneib, J. P. P.
Papadopoulos, A. J. Baker, C. E. Sharon, G. A. van Moorsel, 2012, accepted for publication in MNRAS.
A New Technique for Spectral Analysis of Ionospheric TEC fluctuations Observed with the Very Large
Array VHF System: From QP Echoes to MSTIDs: The 74 MHz system of the VLA has been used to
measure the ionospheric total electron content (TEC) fluctuations on a much wider range of
scales than is possible with many other instruments. The authors show that, with a bright
source, the VLA can measure differential TEC values between pairs of antennas with a precision
of 0.0003 TECU, yielding more than an order of magnitude better sensitivity to TEC
fluctuations than can be achieved with GPS-based relative TEC measurements. Large amplitude,
long period waves representing traveling ionospheric disturbances are visible within the data
near dusk and dawn as well as other times intermittently throughout the night.
Publication: Helmboldt, J. F.; Lazio, T. J. W.; Intema, H. T.; Dymond, K. F., 2012, Radio Science, 47,
RS0L02.
Very Large Array Observations of Ammonia in Infrared-dark Clouds. II. Internal Kinematics: Infrareddark clouds (IRDCs) are the birthplaces of rich clusters and contain the earliest phases of highmass star formation. GBT and VLA maps of ammonia (NH3) measure IRDC column density,
temperature, kinematic structure, and energy content. IRDCs display organized velocity fields,
with localized disruptions due to embedded star formation. The local effects seen in NH3
emission are not high velocity outflows but moderate (few km/s) increases in the line width that
coincide with the mid-infrared emission tracing protostars, likely the result of infall or hidden
outflow. Not only is the kinetic energy content insufficient to support the IRDCs against
collapse, but the spatial energy distribution is inconsistent with a scenario of turbulent cloud
support. The velocity signatures of the IRDCs are due to active collapse and fragmentation, in
some cases augmented by local feedback from stars.
Publication: Ragan, S.E.; Heitsch, F.; Bergin, E.A.; Wilner, D. 2012, ApJ, 746, 174.

Very Long Baseline Array
Distance and Mass of a Transitional Milli-second Pulsar: The Very Long Baseline Array (VLBA)
directly measured the parallactic distance to the transitional millisecond pulsar J1023+0038.
Variable X-ray emission from this system indicates it is in the crucial, short-lived evolutionary
phase of mass transfer from the stellar companion that leads to the high spin-up of the neutral

FY 2012 Annual Progress Summary /Page | 6

star to generate a milli-second pulsar. From the parallax (0.731±0.022 mas) and proper motion
(17.98±0.05 mas/yr), and using previous optical observations, the authors derive a distance of
1,368 parsecs, a neutron star mass of 1.71Mo, and a 3D space velocity of 126 km/s.
Publication: Deller, A.T.; Archibald, A.M.; Brisken, W.F.; Chatterjee, S.; Janssen, G.H.; Kaspi, V.M.;
Morimer, D.; Lyne, A.G.; McLaughlin, M.A.; Ransom, S.; Stairs, I.H.; Stappers, B., 2012, ApJL, 756, L25.
Distance and Size of a Hypergiant Star: The red hypergiant NML Cyg has been assumed to be
part of the Cyg OB2 association, although its distance had never been measured directly. The
authors used the VLBA to accurately measure the parallax and proper motion of NML Cyg via
22 GHz H20 and 43 GHz SiO masers, and confirmed that NML Cyg lies on the far side of the
Cyg OB2 association. The revised stellar luminosity places NML Cyg significantly below the
empirical luminosity limit for a red supergiant. The star’s radio photosphere was partially
resolved at 43 GHz, with a diameter of 44 mas.
Publication: Zhang, B.; Reid, M.J.; Menten, K.M.; Zheng, X.W.; Brunthaler, A., 2012, A&A, 544, 42.
A Recollimation Shock 80 mas from the Core in the Jet of the Radio Galaxy 3C 120: Observational
Evidence and Modeling: 3C120 is a canonical radio jet powered by a supermassive black hole, and
is a unique Fermi GeV source. Multi-frequency, high-sensitivity VLBA observations show
relativistic motion for most components in a parsec-scale jet. One component of the jet (C80)
appears stationary. The data favor a model that includes a recollimation shock, effectively a
standing wave, that is collimating the large-scale jet into a narrow channel that propagates out
to100 kilo-parsecs.
Publication: Agudo, Iván; Gómez, José L.; Casadio, Carolina; Cawthorne, Timothy V.; Roca-Sogorb, Mar,
2012, ApJ, 752, 92.
Trigonometric Parallaxes of Massive Star-forming Regions. IX. The Outer Arm in the First Quadrant: A
parallax was measured for a water maser in a high mass star-forming region yielding a
heliocentric distance of 9.25 kpc, which places it in our Galaxy’s Outer Arm. G75.30+1.32 lies
200 pc above the Galactic plane and is associated with a substantial HI enhancement at the
border of a large molecular cloud. At a Galactocentric radius of 10.7 kpc, G75.30+1.32 is in a
region of the Galaxy where the disk is significantly warped toward the North Galactic Pole.
While the star-forming region has an instantaneous Galactic orbit that is nearly circular, it
displays a significant motion of 18 km/s toward the Galactic plane. These results, when
combined with two previous maser studies in the Outer Arm, yield a pitch angle of 12° for a
large section of the arm extending from the first quadrant to the third.
Publication: Sanna, A.; Reid, M. J.; Dame, T. M.; Menten, K. M.; Brunthaler, A.; Moscadelli, L.; Zheng, X.
W.; Xu, Y., 2012, ApJ, 745, 82.
VLBA Determination of the Distance to Nearby Star-forming Regions V. Dynamical Mass, Distance and
Radio Structure of V773 Tau A: Multi-epoch VLBA astrometric observations trace out a 51-day
orbit for V773 Tau A, and determine the distance (133±2 pc) and masses (1.55 & 1.29M).
Magnetospheric activity is inferred from increased brightness of both stars at periastron. Fit
residuals show acceleration consistent with a 26-yr hierarchical orbit around 2.4 M star V773
B.
Publication: Torres, R. M.; Loinard, L.; Mioduszewski, A. J.; Boden, A. F.; Franco-Hernandez, R.;Vlemmings,
W. H.T.; Rodriguez, L. R., 2012, ApJ, 747,18.
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The 2010 Very High Energy γ-Ray Flare and 10 Years of Multi-wavelength Observations of M 87: Very
high energy M87 -ray flares in 2008 and 2010 were caught during Very High Energy observing
campaigns with HESS, Veritas, and MAGIC, and during VLBA monitoring campaigns. Changes in
the jet at VLBI scales were seen in 2008 but not 2010. A third flare in 2005 was associated with
X-ray flux changes in jet feature HST-1. The long-term (2001-10) multi-wavelength light curve
of M87, spanning the radio to VHE, and including data from HST, the Liverpool Telescope, Very
Large Array, and European VLBI Network, is used to further investigate the origin of the VHE
-ray emission. No unique, common multi-wavelength signature of the three VHE flares has
been identified.
Publication: Abramowski, A.; Acero, F.; Aharonian, F.; Akhperjanian, A. G.; Anton, G.; Balzer, A.;
Barnacka, A.; Barres de Almeida, U.; Becherini, Y.; Becker, J.; et al., 2012, ApJ, 746, 151.

3

Observatory Science Operations

Observatory Science Operations (OSO) goal is to facilitate the users in obtaining the most
scientific returns from the NRAO telescopes. Through OSO, NRAO provides access to all its
facilities, expands access to new users, enhances user services to facilitate their scientific
objectives, and aims to optimize operational efficiencies across the Observatory.

Data Management
Archives: Twenty-four ALMA Cycle 0 datasets were delivered to 13 North American or Chilean
Principle Investigators (PI) via the North American ALMA Science Center (NAASC) mirror of
the ALMA archive. Correspondence with the PIs the data delivery was supported primarily via
the ALMA helpdesk. The GBT Archive access group completed work on the GBT Archive access
project in Q4, including extensive evaluation and testing. The distribution of VLA pipeline data
products in Q4 was delayed pending further evaluation of the data products by scientific staff
working on the pipeline scripts and heuristics. The risk of not reaching this milestone is low as
all raw VLA data taken are immediately available to users through the Archive Access Tool (AAT),
and a copy of all VLA data is archived in Charlottesville. Full mirroring of the VLA archive to
Charlottesville (CV) was implemented, including an additional 216TB of storage activated 9 Jan.
Pipelines: The ALMA Pipeline group met with NAASC staff 30 April–2 May to discuss the
development of the ALMA pipeline and to deploy a test pipeline on the CV servers. The
outcome from the meeting was that the ALMA pipeline worked as intended with test data so
from a technical standpoint it was a success. Testers were given clear instructions on operating
the pipeline and to report on their progress monthly to discuss results and to share information
with testers in Europe and Chile. An updated ALMA pipeline was installed in early July at the
NAASC and in Chile that addressed a major bug seen during initial testing. The pipeline team
completed a campaign of identifying candidate projects that have observed enough Observing
Unit Sets to run successfully on the pipeline and started the process of comparing data
reductions done by scripts (via the QA2 process) with the output of the pipeline.
Major speed and memory efficiency improvements were made to the calibration stage of the
GBT pipeline. Updates to the calibration equations were made after discussion with Green Bank
(GB) scientific staff; and updates to the user interface, online documentation, and user's guide
were completed.
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During Q4 the infrastructure to enable the automated processing of VLA data upon the
completion of an observation was finalized. All observations are now passed through the
automated pipeline as they are observed, although the output products are not currently
archived pending further development of the pipeline heuristics and quality assurance metrics.
High Performance Computing: Demo computer systems were acquired from vendors and began
final benchmarking for VLA post processing and ALMA pipeline clusters. The benchmarking and
specification were completed in Q4 and both clusters will be ordered in Q1 FY13. CV
purchased another 100TeraBytes of Lustre file storage to support pipeline testing and QA2 data
processing. The VLA cluster scheduler is fully functional and supports pipeline and interactive
modes.
Post-processing Software Development: The Common Astronomy Software Applications (CASA)
3.4.0 was released 18 June. A prerelease version was used for the NRAO Synthesis Imaging
Workshop, introducing 150 students and new users to CASA.
Algorithm Development: The use of the current multi-scale algorithm for high resolution highdynamic range imaging of complex fields was limited by its memory footprint. This
implementation was modified to reduce the memory footprint, making it usable for a larger
fraction of problems, and reduce the need to investigate replacing it with Asp-Clean.
Deployment of Asp-Clean was therefore deferred. Instead, development focused on merging the
research and development (R&D) code branch with the production CASA code base.
Discussions with the nVIDIA group were initiated to evaluate run-time gains if GPU computing
is used with the new algorithms. Efforts are underway to see if nVIDIA can do a proof-ofconcept prototype using some of our code to help make a better assessment of the cost-gain
equation. Ideas for a wide-band A-projection algorithm, which corrects for the time-dependent
rotation of the primary beam on the sky, were tested in the R&D code branch.

Facility-based Activities – North American ALMA Science Center
Science User Outreach: The 6th NAASC Science Workshop – Jets 2012 - Outflows, Winds, and
Jets: From Young Stars to Supermassive Black Holes – was held 3-6 March in CV. More than 145
participants provided presentations and engaged in discussion covering the wide range of
astrophysical environments in which gas moves at high velocity. Both the origin of the moving
gas and its impacts on nearby environments were covered. ALMA initiated Cycle 0 Early
Science operations on 30 Sep 2011.
A NAASC workshop titled The Interstellar Medium in High Redshift Galaxies Comes of Age was
hosted at NRAO-CV 13-15 September in honor of the 20th anniversary of the detection of CO
emission from a galaxy at z = 2.3 using the NRAO 12m telescope in 1991. Sixty-two participants
discussed the view into the evolution of galaxies and the Universe that CO observations
provide. The event also honored the scientific contributions and leadership of former NRAO
Director Paul Vanden Bout.
The ALMA North American Science Advisory Committee (ANASAC) held a face-to-face
meeting 20-21 September in CV. The user experience of the proposal call was discussed, along
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with various topics related to the science use of ALMA, and to the ALMA Development
program.

Facility-based Activities – Array Science Center
Face-to-face Visitor Support: In Q3, NRAO New Mexico hosted 45 visitors, including 8 Resident
Shared Risk Observing (RSRO) scientists and 29 scientific visitors and 8 colloquium speakers. In,
Q4 50 visitors, including 11 RSRO scientists and 36 scientific visitors and 3 colloquium speakers
were hosted there.
Observation Support: The SCHED software has been supporting 2 Gbps in the PFB mode of the
VLBA's new instrumentation in tests since June 2011, and in scientific observations since
February. SCHED's functionality for the newer Digital Downconverter (DDC) mode closely
parallels what it has to do for the legacy system, requiring only an extension of the allowable
values for some parameters. This support has also been proven in numerous tests since August
2011. Support for the new C-band receivers, with tuning ranges far beyond the norm for the
older VLBA receivers, has been more challenging. The updates to SCHED itself were completed
by mid-Q3, but in the process it was realized that corresponding changes to the VLBA's original
station control system were required. These were also completed and successfully tested.
The test version of the VLA Observation Preparation Tool (OPT) was updated in Q4 to support
the setting up of 8 GHz bandwidth observing using the 3-bit samplers. This version will be
tested during FY2013 Q1 and deployed for the D-configuration that starts January 2013. The
same test version of the OPT also includes all the correlator set-ups offered for general
observing. A significant speed-up was obtained in the OPT performance by migrating to a more
modern version of the underlying Postgres database, which dealt with some issues reported by
users.
Support of the VLA 8 GHz of bandwidth observing was partially completed. The stand-alone
tool for setup of 8 GHz bandwidth observations, needed for the 1 August proposal deadline, is
done. This will be moved into the main OPT in Q1 FY2013, in preparation for support of real 8
GHz bandwidth observing in Jan 2013.
Post-processing Software: The 4th CASA public release (version 3.3.0) was distributed 15
November.

Facility-based Activities – Green Bank Science Operations
Science User Outreach: A science workshop titled Global Properties of HI in Galaxies was held in
GB to mark the 35th anniversary of the Tully-Fisher relationship. This workshop brought
together researchers and students to discuss recent results on HI in galaxies. Immediately
following the workshop, information and training sessions were provided on use of the GBT,
VLA, VLBA, and ALMA.

Shared Services
Proposal Process: All the tools that replace legacy proposal handling tools have been completed
and were used at the Q3 Time Allocation Committee (TAC) meeting. These include tools
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providing session editing, an overview calendar, pressure plots, carryover, and report generation.
After the TAC meetings, the tools provided source conflict features and additional reports.
In Q4 ALMA and the NRAO North American facilities had a proposal submission deadline. In
support of the NRAO 2013A proposal submission deadline, all user documentation for the VLA,
VLBA and GBT were updated. The Proposal Submission Tool (PST) was updated to
accommodate the new correlator modes and observing settings. A total of 420 proposals were
submitted by PIs to use the NRAO NA facilities. All scientific and technical reviews were
completed in support of the proposal submission process.
The ALMA Cycle 1 Call for Proposals deadline was 12 July, and 1133 proposals were received
across all Executives.
User Portal: Maintenance and development of the User Portal, the Proposal Submission Tool
(PST), and associated databases returned to NRAO from the Open Sky Software contractor.
The infrastructure to support single sign-on for the ALMA and NRAO helpdesks was
completed. Single sign-on provides users with access to their helpdesk tickets in both helpdesk
databases simultaneously.
Science Community Communications: The NRAO presence at the winter (January, Austin) and
summer (June, Anchorage) AAS meetings included our exhibit, an ALMA Special Session, NRAO
Splinter Session, and undergraduate orientation sponsorship. The NRAO winter meeting
presence also featured an NRAO Town Hall. Proposals for an NRAO Town Hall and an ALMA
Special Session for the January 2013 AAS meeting in Long Beach, CA were submitted and
accepted. NRAO will also participate as an exhibitor and sponsor at the undergraduate
reception and orientation.
Two science symposia were organized for the Annual Meeting of the American Association for
the Advancement of Science (16-20 February, Vancouver), each 90 minutes and featuring 3
speakers: New Frontiers in the Radio Universe discussed ALMA & EVLA Early Science and
capabilities. Pulsars: Astronomical Gifts that Keep on Giving discussed a wide range of current
pulsar research and results.
In addition to science results presented by NRAO scientific staff and users, NRAO participated
in the International Astronomical Union General Assembly in Beijing China, 19-31 August as an
exhibitor and sponsor.
The NRAO presence at the International Conference for High Performance Computing,
Networking, Storage, and Analysis (14-17 November 2011, Seattle, WA) resulted in a key
collaboration being initiated with Pittsburgh Supercomputing Center to facilitate the 10Gigabit
Network link from GB planned, and the sponsorship and support of the Chemistry of the
Universe proposal to NSF under the interdisciplinary CREATIV initiative. NRAO staff also met
with High Performance Computing (HPC) vendors for storage, network and systems, as well as
the NSF/XSEDE program coordinator to secure storage for the on-going 350 MHz celestial cap
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Pulsar search archive hosted at The National Center for Supercomputing Applications, located at
the University of Illinois at Urbana-Champaign.
Science Web: A new conceptual design for the NRAO science web site was completed and
briefed to the Director and Science Web working group. The VLA Observational Status
Summary was ported into our web site’s content management system, Plone, and is now
available via the VLA science web pages. Over FY12, a systematic effort updated and imported
existing online documentation for the VLA, VLBA, and GBT into Plone. In Q4, the VLBA
Observational Status Summary, the main document describing its instrumental capabilities, was
imported to Plone and is now online. Significant progress was made in converting the OPT
manual to Plone which will be released for D-configuration in January 2013. A dedicated effort
started converting the GBTIDL guide into Plone.
User Education and Training: The 13th Synthesis Imaging Workshop took place in Socorro, New
Mexico 29 May–5 June with 163 participants from around the world. The 2nd NRAO-wide
Community Day Event was hosted by University of California, Berkeley 13 January. All NRAO
instruments were presented but the focus was on hands-on tutorials of VLA observation
preparation and data reduction using CASA. NRAO conducted a CASA Radio Analysis
workshop 19-20 January hosted by Caltech and attended by 39 participants that focused on
reducing VLA and ALMA data. The 2nd EVLA Data Reduction Workshop was held 22 February
– 1 March in Socorro. This event consisted of two distinct parts. The first, 22 – 24 February,
was organized like the September 2011 workshop, with presentations and hands-on tutorials.
During the second part, 27 February – 1 March, participants were given the opportunity to
reduce their own VLA data with local staff available for consultation. Approximately 30
participants took part in the tutorial.
A VLA community day was held at the Academia Sinica Institute for Astronomy and
Astrophysics (ASIAA) in Taipei, Taiwan 3-4 September. The goal of the workshop was to
introduce the capabilities of the new VLA and raise the awareness of this new instrument in the
Taiwanese astronomical community. In addition to talks that highlighted VLA technical
capabilities, science talks were presented by NRAO and Taiwanese astronomers.
In Q3, NRAO scientific staff invited astronomers interested in planning for the upcoming ALMA,
VLA, GBT, and VLBA proposal deadlines to participate in a web-based seminar on Planning a
Proposal for NRAO Telescopes. Broadcast 11 June, this webinar provided an overview of the key
capabilities available for each NRAO telescope, and the key decisions and steps needed to
assemble an observing time proposal for the upcoming proposal deadlines. Participation by the
community was encouraging and valuable lessons were learned about running such an event (a
first for NRAO).
NAASC User Services Group invited investigators from the highest rated North American
Community ALMA Cycle 0 programs to a Data Reduction Workshop in CV 1-2 December.
Computing staff outfitted the CV auditorium with terminals and 29 visiting investigators used
the new NAASC data reduction cluster to work through training material built around ALMA
science verification data. NAASC staff presented background material on ALMA and the CASA
software package to the local attendees and several remote participants. Attendees worked
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hands-on with actual ALMA data sets, learning how to use CASA for calibration, imaging, and
self-calibration.
Observing Prep Tool (OPT)s: Initial discussions between OPT developers and Splatalogue
maintainers at the VLA provided a list of requirements that will be implemented after work on
the 8 GHz bandwidth observing is complete. Discussions also started on the implementation of
the radio Frequency Interference (RFI) table into the Splatalogue database. Integration of Green
Bank into the NRAO helpdesk took place in Q1.
Virtual Astronomical Observatory (VAO): The VAO program plan was revised to raise the priority
for broad-based VO standards and infrastructure work while more narrowly focusing work on
VAO-specific applications development. While the VAO budget cuts adversely affect NRAO,
this change in priorities is seen as beneficial to NRAO as it increases the priority for supporting
development and up-take of VO technology and software by the VO-community, for both data
service and science archive facilities as well as science software, such as CASA.
Initial metadata for the ALMA science archive has been defined that is capable of describing data
products in relational tables to support both native ALMA queries as well as add-on VO
services. NRAO is providing input to VAO to help define VO interfaces for accessing the large
spectral data cubes produced by ALMA and VLA. Development (funded by VAO) of a service
framework for implementing VO services is underway. When completed this will be used to
implement VO services for selected initial NRAO datasets. NRAO is also participating in
development of Python and other client interfaces for access to remote data via the VO
framework. This software will later be used to VO-enable CASA.

Training the Next Generation
Community Support Programs: A record 22 summer students from the 2011 class presented
results of their NRAO research at the January Austin AAS meeting. NRAO received 167
applications for its summer 2012 internship program, and 25 summer student interns started in
June in Socorro, Green Bank, and CV. Fourteen of these summer students will present their
research at the January 2013 AAS meeting.
The Student Observing Support (SOS) Program allocated its full budget target of $125,274 for
NRAO semester 2012B; the Program allocated $124,599 to 11 SOS proposals for Semester
2012A.
Five undergraduates participated in undergraduate internships in the Socorro Electronics
Division. Eight graduate students began or continued work as graduate interns with NRAO
mentors. Five graduate students participated in the Reber Doctoral Fellowship (formerly the
Pre-Doctoral) program.
Visiting Astronomers: Andreas Brunthaler (MPIfR) finished a one-year visit to Socorro;
Christopher Stockdale (Marquette) visited Socorro June-July; D.J. Pisano (West Virginia
University (WVU)) began a two-month visit to GB in June; Paul Martini (Ohio State) continued
a one-year visit to the NAASC that began June; Leslie Looney (University of Illinois) began a
one-year visit to the NAASC in July; David Roberts (Brandeis) started a five-month visit to
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Socorro in August; Vernesa Smolcic (Argelander) and Sergei Gulyaev (Auckland University)
each visited Socorro for a week in September; Robert Mutel (Iowa) started a 3.5 month
Socorro visit in September.
Library: The Library deployed a new submission tool for NRAO page charge support requests.
The NRAO Papers Review Project, requiring review of almost 8800 historical papers
mentioning the VLA, was completed. Significant savings were found with the renewal of the
Springer eJournal & eBook collections into 2013. Links to the Jansky videos were added to the
Jansky Lecturers page. The Library rolled out the new OPAC Discovery for the NRAO Library
catalogue that enables use on mobile devices. More than 1500 records were added to the
NRAO papers and theses bibliography.
Historical Archives: A Graduate Intern transcribed Woodruff T. Sullivan’s digitized audio interviews
of 20th century radio astronomers. Archivist E. Bouton was an invited participant at a Workshop
on Preserving Astronomy’s Archival Record in April, where she reported on the status of NRAO’s
historical and data archives. NRAO archival data are being loaded into Archon, open-source
software developed at University of Illinois to manage descriptive information about archival
materials, create finding aids, and publish them on the web.Visitors to the Archives included
researchers from the Naval Research Laboratory and University of Arizona. Archives made
available a large set of digitized photos for loading into the Canto Cumulus database being built
as a joint Education and Public Outreach (EPO)-Archives project to index and make accessible
our large collection of multi-media materials. Additional VLBA materials donated by
K. Kellermann were incorporated into the existing collection. Processing continued on the
Papers of Donald C. Backer.

4

Observatory Telescope Operations

Observatory Telescope Operations describes activities that will were taken in FY 2012 in
construction, and to ensure the operational performance of each of the facilities. This section
also describes facility upgrade projects and work for others at the sites.

ALMA Construction
Management: A successful ALMA Annual External Review was conducted in Santiago 17-20
October 2011. A major Array Operations Site (AOS) power shutdown was successfully
completed February to prepare the connection of the existing temporary power distribution
network to the permanent one. The power distribution cabling was prepared and laid for the
AOS Permanent Power Station. After the shutdown, power was restored in stages: to the
Central Cluster 20 February and 15 March for all other operating antenna stations. Two major
weather events affected ALMA site operations in Q2, though they did not affect ALMA or
contractor personnel safety. A week of unusually heavy rain across northern Chile shut down
public roads leading to the ALMA site 11-12 February and damaged the internal ALMA roads.
Personnel access to the site was restricted. Water, fuel and power usage was restricted to
allow provisions to extend as long as possible. The road washout uncovered and damaged the
Operations Support Facility (OSF) to AOS power and Fiber Optic cables that run alongside the
road. A 2nd unusual weather event occurred 10 March: a major hailstorm at the AOS followed
by extremely heavy rain. Power was disconnected for safety and restored the next day to the
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OSF Technical Facility and on the following Monday to the Antenna Integration & Verification
pads.
Site: The AOS Utilities Contract is 85% complete. The Q4 milestone for the 5 kilometer Array
was achieved. This part of the Array is ready for Cycle 1 Science, once accepted by the Joint
ALMA Office (JAO). The overall schedule has slipped due to bad weather at the AOS and winter
demobilization, though the delay should not affect ALMA Project completion. The arbitration
process with the former AOS utilities contractor was favorable to AUI. The insurance company
arbitration process is being refined in light of this verdict. The AOS road construction contract
work is 100% complete. The ALMA acceptance process for the roads will be performed during
Q1 FY2013.
Antenna: During Q4, the 23th and 24st Vertex antennas were conditionally accepted by JAO.
Pointing acceptance testing is scheduled to begin 12 Oct for the 25th Vertex antenna; this
represents a delay of ~1 month as a result of delivery delays associated with encoder and
HVAC hardware components to the site; acceptance review for Antenna 25 is planned 29
October.
Acceptance Review for the Production OPT (POPT) is pending completion of Test Reports and
Documentation. POPT Units #4 and #5 are on-site but site acceptance testing is delayed as a
result of shutter hardware and software issues, and hardware issues linked to a loosened clutch
torque spring on the shutter drive motor. Final Acceptance Testing (FAT) of POPT Unit #6 is
delayed pending resolution of issues on Units #4 and #5.
Nutator: Continued work with the ALMA Science Integrated Product Team (IPT) for possible
relief from the Nutator Technical Specification requirements associated with pointing accuracy
and settling time at the upper ranges of throw-angle and nutator frequency. Preliminary residual
torque test results indicate that residual torque is within specification. FAT has been delayed
until late Oct. With a successful FAT, delivery of Nutator Unit #1 to Chile would be in mid- to
late-Q1 FY2013 for on-site engineering and interface tests.
Critical Design Review (CDR) of the Front End Handling Vehicle (FEHV) was December 2011.
The design exceeds the specified maximum weight for the antenna platform. JAO has requested
further information from Antenna IPTs regarding maximum weight allowed on the antenna
platform to confirm that FEHV can proceed as designed. Acceptance was provided informally.
Delivery of FEHV units (4) is expected Q1 & Q2 FY2013.
Front End: The last Front End Assemblies delivery (FE#22) passed Product Assurance Inspection
(PAI) and received authorization to ship. However, it was agreed to delay actual shipment until
November to use this Front End (FE) to verify performance of the FE Test and Measurement
System that will be shipped to the OSF Q1 2013. Final delivery of NAOJ Warm Cartridge
Assemblies (WCAs) for Bands 4 & 8 are on track to finish at the end of Q1 FY 2013, Band 10
WCAs will finish at the end of Q2 FY2013, the end of the Japanese fiscal year as required in the
NAOJ Goods and Services Contract. The Band 6 mixer/preamp yield rate improved and the
Band 6 team finished production at end August. All B3, B6, B7 & B9 FE components are
complete. The FE Thermal Interlock Module was a late emerging project requirement. CDMR
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passed in June; production deliveries were complete in Q4 but some integration into kits
testing remains before delivery to the OSF for retrofit into FEs. This is expected to complete in
Q1 FY 2013.
Back End: Production is essentially complete with the focus directed towards delivering the last
spare items and subassemblies while also managing the transition into off-site operations
support. The closeout of documentation handoff requirements is being managed and will be
ready by Q1 FY 2013. The Back End IPT has transitioned fully into operations support mode
with 4.25 full time equivalent staff members (FTEs) in Socorro and 2 FTEs in CV.
Correlator: The integration of the all four quadrants commenced on schedule 3 September. All
items in the Correlator Product Assurance Services (PAS) Test procedure passed.
Computing: Release 9.1.0, which contains four-quadrant support, was tested against the
correlator hardware and released for Commissioning and Science Verification (CSV) Phase V
testing in September. It is expected to be formally accepted and used for Cycle 0 observing in
October.
Science IPT: Science IPT members worked with the NA antenna contractor to test newly
assembled antennas before delivery to JAO and provides help to resolve antenna problems
uncovered by JAO.

ALMA Construction – Japan Partnership
NAOJ delivery of Bands 4, 8, and 10 is coming later than the delivery of the baseline Bands 3, 6,
7, and 9 due to their late entry into the project. Integration planning for Band 4, 8, and 10 Cold
Cartridge Assemblies (CCAs) is complete. Some work will occur at the NA and (European) EA
Front End Integration Centers (FEIC); the balance will occur at the OSF. NA FEs #18 & 19 were
shipped with integrated cartridges (cold + warm cartridge subassemblies). Production of Band 4
and Band 8 WCAs will be complete Q1 FY2013; Band 10 WCA production will complete Q2
FY2013.

Office of Chile Affairs (OCA)
The number of international staff at the end of Q4 is 21 FTE. The total number of employees for
which OCA provides ALMA with legal, payroll and travel support was 300 local staff on 30
September, of which 25 are under AUI/NRAO direct supervision. OCA has provided the legal
and institutional support for numerous contracts and procurements for ALMA Construction
and Operations. The arbitration process due to the early termination of the AOS Utilities –
Electrical and Fiber Optic cable installation contract with Echeverría & Kelly Ltda. gave a
favorable ruling for AUI; the approach for the arbitration process for the payment of the
associated performance insurance policy was modified to use the positive result of the other
arbitration. Reports were issued to CONAMA (environmental authority) related to flora/fauna
and archaeological follow-ups. Catering, cleaning and minor maintenance contracts were re-bid
by instruction of the JAO due to price changes forced by Sodexo in its current contract. JAO
issued new statement of work. The bid process will finalize October.
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Operations
Operations: An ALMA Special Session was held at the June Anchorage AAS meeting. The ALMA
call for Cycle 1 observing proposals was issued 31 May. The proposal deadline was 12 July, with
results available in November. Observations are to begin 1 January 2013 and end 31 October
2013. A total of 1133 unique proposals from 2835 individual proposers were received, an
oversubscription rate of ~ 5X.
A Review of the JAO Operations budget was held 24-25 September. Though the JAO budget
for 2013 appears plausible, the projected power costs for 2014+ do not fit within the projected
budget.
The preservation of the ALMA radio quiet zone is under discussion by the NA Executive and
JAO.
Maintenance Plans and Schedules: The transition of construction staff to operations positions is
largely complete. Tier 3 maintenance of FE components, Back End (BE) components, and
photonics is performed at the NRAO Technology Center (NTC) in CV and at the Domenici
Science Operations Center in Socorro, as needed. Multiple training sessions have been held in
North America (Herzberg Institute of Astrophysics (HIA), Socorro, NTC) and Chile for JAO
technical staff.

EVLA Construction
Management: A successful Completion Review was held in Socorro in December. Most
construction accounts are closed; construction staff reductions are complete; and all risks are
retired. The last EVLA construction hardware tasks will be completed Q1 FY 2013.
Financial Performance: Planned major budgeted expenditures will take place towards the end of
FY 2012 and perhaps even in the following quarter. These include the archive hardware and
computing cluster (~$550K). Computing would like to delay spending these funds for as long as
possible so as to acquire the highest level of hardware performance. Other major upcoming
expenditures include the effort to develop an Antenna Control Unit prototype (~$70K of
$270K remaining to be spent), the purchase of all components necessary for FE solar
enhancements (~$250K, in process), and hardware for the Correlator Back End ($120K).
At the end of Q4, the contingency balance was $500K, with no risks remaining to the
construction project. Subject to NSF approval, the remaining contingency is being considered
for operational projects that are documented in a Remaining Funds Management Plan submitted
to the NRAO Director.
Contingency draws in Q3 included: $52K to the Local Oscillator account to replace 40
problematic T304 module RF assemblies; $28K for hardware to improve Correlator Back End
throughput; and $25K to complete civil construction tasks.
Antennas: The 4th cryogenic system for each antenna was installed by 30 September. These
systems are installed to coincide with the full complement of FE receiver installations. The
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cryogenic system installations are scheduled to be completed Q1 FY2013. At present, 24
cryogenic systems are complete, and the remaining are in various stages of completion.
Local Oscillator/Intermediate Frequency Subsystem: The 3-bit mode compliant downconverters are
fully deployed.
Front End Receiver Bands: All L-band, 26 S-band, 24 X-band, and 25 Ku-band receivers have been
installed. S- and Ku- band receivers are in good shape to be completed by 31 December. Since
the X-band effort was the most affected by the recent reduction-in-force, personnel are being
diverted from the other bands to facilitate schedule catch-up.
Fiber Optic: The installation of the 3-bit samplers is complete.
Correlator acceptance and post-acceptance support: The EVLA Project formally accepted the
WIDAR correlator from NRC Herzberg Institute of Astrophysics (NRC-HIA) 28 September.
HIA-NRC will provide WIDAR support at through December.
Availability of user support (released from commissioning): User support from EVLA commissioning
staff will continue at current levels through 2012; many EVLA commissioning staff were
involved in the Synthesis Imaging Workshop in Q3.
EVLA pipeline: Pipeline conversion to the latest CASA release (3.4.0) began Q3; heuristics for
automated reference antenna selection, gain solution intervals, and flagging were worked on.

EVLA Commissioning
Flexible sub-band tuning: Implemented and commissioned Q3, this is working well for Open
Shared Risk Observing (OSRO) observations and will be offered January 2013 as a general
observing mode.
Phased array mode: The phased array observing milestone completion has been delayed to Q1
FY2013. Q3 saw the ability to phase the VLA in a single observing mode and record the data
(but not correlate it with the VLBA), and obtain fringes between a single VLA antenna and the
VLBA. As of Q4, fringes can be reliably obtained between the phased VLA (all 27 antennas) and
the VLBA, and images can be obtained. Some work is required before it is user-ready, mostly in
the setting up of the VLA using the VLBA’s SCHED software and in testing the full range of
compatibility modes between the phased VLA and the VLBA. We will offer phased VLA for VLBI
as a capability for general observing January 2013.
3-bit samplers: The 3-bit samplers can now be used by RSROs in a standard way. Scheduling
blocks can be generated in the test version of the OPT, and dynamically scheduled in the
standard way. The 3-bit sampler bandpass stability is very good, showing day-to-day variability of
0.1%. Current RSRO and EVLA Commissioning Staff Observing programs are being used to
evaluate imaging quality, accuracy of the flux density scale as a function of elevation, and
appropriate data weighting schemes in CASA. The commissioning effort will continue into Q1
FY2013, focusing on improving robustness in preparation for the upcoming D-configuration and
Full Operations.
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First shared risk observations with low-band system: The first science observations with the lowband system were made 13-14 September in the BnA configuration. Ten antennas were outfitted
with working P-band receivers at that time. The VLA sensitivity achieved was ~0.5 mJy/beam.
Comparison with deep images made with the Global Multi-Resolution Topography (GMRT)
shows good agreement with the compact features. Large-scale emission is not detectable with
the VLA due to lack of short baselines in this single observation.
First science observations with subarrays: Demonstrated first science observations with subarrays
on 12 April (VLA/12A-249) using 3 sub-arrays: DQ Tau simultaneous monitoring in Ka-band
with X-band reference pointing (8 ants), Ku-band (8 ants), C-band (11 ants).
Data rates up to 75 MB/s by Q4: Achieved a data rate of ~100 MB/s (ahead of schedule) using 10
ms dumps with 3 sub-band pairs and 27 antennas for a RSRO science program to observe
Rotating Radio Transients.
Commissioning planning: Defined the capabilities to be offered to the community for 1 August
proposal deadline, and developed a commissioning plan-to-completion to ensure capabilities will
be delivered by January 2013. Documentation updated during Q3, ahead of 9 July Call for
Proposals.

VLA Low-band Receiver Project
Low-band Low Noise Amplifier (LNA) construction has been completed, and 56 units delivered
on schedule from the Central Development Lab (CDL) to New Mexico Operations in Q3. At
the end of Q4 there were 16 low band systems installed in the array. The project is on
schedule to be completed for the next A-configuration, to begin January 2014. Performance of
the new system has been very good. The project is funded by NRL ($270K).

VLA Operations
Railroad Infrastructure Maintenance and Repair: 160 railroad ties and 1 intersection were replaced.
4000 railroad ties were spiked during Q2. In Q4, 3 intersections were rebuilt, at pads AN-8,
BN-9, and AW-5; four set of concrete timbers were built and poured; both tracks were leveled
and lined from Hwy 60 to DN-4; the track was plowed, broomed, and ballast was added; and
rail inspection was completed on North, West and East arms.
Antennas: Overhauls on Antennas 1, 2, 4, 10, 11, 17, 19, 24, and 25 were completed.
Radio Frequency Interference Mitigation: Fixed software bugs in the RF Direction Finding System
control software. The system is a fully functioning tool for investigating RFI reports. A
propagation test was designed and executed from the apex of an EVLA antenna. The
propagation loss results will be used to analyze the effects of any RF emissions detected from
the new motor control systems. An additional EVLA X-band feedhorn was tested for returnloss, as were the last 3 VLBA C-band feedhorns. The new Long Wavelength Array (LWA)
correlator was tested for RF emissions, in collaboration with MIT-CfA, to ensure minimal
impact on the VLA.
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Array Configuration change: Reconfiguration to DnC (delayed from Q1) and C configuration were
completed Q2. The re-configuration to CnB and B configuration was completed Q3. The move
from B to BnA configuration was completed, and the move from BnA to A began on 24
September, on schedule, and was completed 2 October.
Dedication ceremony: The EVLA was formally renamed the Karl G. Jansky Very Large Array in a 31
March ceremony, in recognition of the vast improvements of the telescope’s capabilities, and to
honor the founder of radio astronomy.

VLBA Upgrades: C-band
North Liberty, Brewster, and Mauna Kea were outfitted with complete C-band systems during
Q3, to provide 8 complete systems, ahead of schedule. The GB machine shop completed
fabrication of all 10 C-band feeds on schedule. The VLA machine shop completed fabrication of
dewars, OMTs, and module chassis. The project is on track to complete the installation of the
receivers, downconverters and new monitor and control equipment at all 10 VLBA sites.

VLBA Sensitivity Upgrade and Commissioning
Second digital backend: Installation of a second digital backend has been completed at 7 sites. The
second digital back end and Xcube Ethernet switch are required to provide observers with 8
DDC passbands. The 8 passbands will be recorded on a single Mark 5C, with a maximum data
rate of 2Gigabits/s. Hardware commissioning will be completed by Q3 FY2013, following
installation of the Xcube switches.
Digital Backend Commissioning: The DDC FPGA personality will support both wideband
observations and narrower spectroscopic observing modes in the VLBA’s digital backend, with
flexible tuning and advanced calibration capabilities. Aliased out-of-band signals occurring in
earlier firmware versions have been eliminated, as has a problem that resulted in delay jumps at
scan transitions. A new test 9 October is awaiting correlation, and will hopefully demonstrate
that all issues are resolved, leading to an immediate science demonstration. The Polyphase
Filter Bank (PFB) FPGA personality can already support wideband continuum observations at 2
Gbps, and the legacy backend remains available for narrowband spectroscopy. The risk
associated with the delay in the DDC is therefore low for users, and mostly lies in the potential
for the legacy system to fail in the near future due to aging components.

VLBA Operations
Operations: Coordinated the transmitters planned for use by NASA during the July lunar rover
tests on Mauna Kea to minimize impact to VLBA observing. Investigated 6 cm RFI reports at
Brewster, Owens Valley, and VLA. Identified interfering sources and indicated "open" spectrum
for future observational planning purposes.
Maintenance Plans and Schedules: Major maintenance was performed at Mauna Kea Q3, including
replacement of the elevation bearing. Major maintenance was performed at Kitt Peak Q2, and
at Los Alamos Q4.
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RFI mitigation: Investigations into the Brewster C-band RFI continue: the problem is likely a
microwave link site (Lake Patros to Chelan Butte).
(UT1-UTC) observations: Daily observations for the US Naval Observatory using PT and MK
began Q4.
Masers: The Los Alamos maser may need a new physics package. This maser is usable but needs
to be adjusted by hand, so is not appropriate for remote site use. The last spare was swapped
into Los Alamos. We are investigating opportunities for acquiring additional masers or suitable
substitutes in FY2013.

NM Operations Projects (Work for Others)
USNO DiFX correlator: The DiFX correlator was delivered and made functional 26 September.
Final acceptance is expected mid-November. NRAO is contracted for support through FY2013.
Negotiations are underway for a small expansion to Phase I and an optional Phase II. Phase II
comprises a doubling in capability of the Phase I correlator and extended support through 2016.
Shanghai C-band Receiver Project: On schedule to ship Apr 2013.
Onsala Space Observatory C-Band OMT and Thermal Gap: On schedule to ship Nov.

GB Operations
GBT subreflector: Work continues on refurbishment of the subreflector actuators following
mechanical failure of the X2 actuator last fall and the Y2 actuator in March. Telescope
Operations replaced two subreflector actuators with units that had completed the refurbish
and upgrade process, leaving four more to be completed Q1/Q2 FY2013. The replacement
schedule is dependent on the speed at which the manufacturer can perform the refurbishment
and upgrades on actuators removed from service and routed through refurbishment.
Versatile GBT Astronomical Spectrometer (VEGAS): The VEGAS spectrometer (CICADA backend)
achieved first light in December during an integration and test session on the GBT by the
Berkeley and NRAO team.
Structural painting: Structural painting began on schedule in early May and the tri-annual
structural inspection was completed by engineering contractors Modjeski & Masters in summer.
Their overall impression was that GBT was in good shape, and that our increased emphasis on
painting is paying off. Weld cracks found at the receiver room connections were repaired and
re-inspected.
Major storm impacts: A rare derecho resulted in a site power outage for ~27 hours 29-30 June.
The GBT and supporting computer servers returned to service smoothly; telephone and
Internet service was interrupted several times. GB staff response to this extraordinary event
was exemplary: plant maintenance crews worked hard to keep the telescope, electricity, and
water running; the cafe/cafeteria staff served food to those in need; and many members of other
GB divisions – science, electronics, computing, mechanical, software, and telescope ops –
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worked long hours to resume GBT science ops while also making the facilities safe and available
to assist community recovery efforts.
Facility Upgrade Projects: The Software Division built and tested all Monitor and Control (M&C)
software Q3. All libraries were rebuilt for 64-bit Red Hat v6 and passed unit tests. The RFI
enclosure design for the Multi-color Tipper was completed. Work on the GBT Servo
Replacement Project was slowed considerably when the lead control kernel engineer was lost
to the Observatory-wide reduction-in-force. Two other digital engineers have been partially retasked from other GB projects to pick up for the loss of the fulltime resource. The project is
behind schedule, which risks delays in incorporating pointing improvements into the GBT servo
for high-frequency spectral observations. This risk will be mitigated by providing additional time
for high-frequency observers and retaining tighter high frequency weather parameters to
schedule projects.
Projects: Work by NRAO on the Baryon Acoustic Oscillations 800 MHz multi-pixel receiver
(ASIAA) was suspended due to ITAR issues and negotiations with our Taiwanese partner. The
second PAPER production run of antenna and ground screen fabrication is underway and steel
frames for the balance of the project are complete. This is a lower priority project for the shop
and the schedule remains flexible to accommodate the variability of resource. The Department
of State has agreed that the proposed RadioAstron project does not fall under ITAR jurisdiction
and may proceed. Contract negotiations and technical discussions resumed in mid-August and a
signed agreement is anticipated in early FY 2013.

5

Observatory Development Programs

This section on Observatory Development Programs describes the NRAO R&D activities that
were carried out in FY 2012 OPDs goals are to (1) developing critical capabilities for upgrading
NRAO facilities and next generation facilities; (2) helping the community to realize mid-scale
projects recommended by NWNH; (3) identifying and pursuing collaborations that lead to new
scientific initiative, advancements in the state-of-the art technology, as well as possible additional
funding opportunities.

Central Development Laboratory
Amplifier Development: A demonstration ALMA band 2 amplifier using NGST cryo3 exhibited
less than 30K at 70-83 GHz and less then 50K at 65-88 GHz with ~38dB gain. This design will
be used for the GBT 4mm receiver. Electrical design of cryo3 ALMA band 1 amplifier is
complete and will be tested next quarter. Research into noise properties of heterojunction
bipolar transistors (HBTs) and CMOS MOSFET, continues.
Electromagnetic Development: Completed testing of broadband corrugated horn for the GBT 1118 GHz pulsar receiver. Patterns for the Ku-band feed were measured between 10.4 and 19
GHz. The measured patterns show good circular symmetry. The average illumination taper at
15° is -13.2 dB in the H-plane and -13.4 dB in the E-plane. Cross-polarization measured in the
diagonal plane is ≤-28.8 dB. Measured return loss is 18.3 dB at 10 GHz and better than 20 dB
above 10.1 GHz. The simulated return loss of the ALMA band 1 OMT scaled from a Ku-band
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design is ≥18.5 dB from 35 to 50 GHz. The OMT was optimized further and return loss is ≥ 23
dB in the 35-50 GHz band.
Advanced Receiver Development: The S-Band (2-4 GHz) SiGe LNA sent to Caltech was
successfully verified in their test set, showing 2.3K minimum noise temperature, compared to
6K measured at the NTC. Following this result, extensive tests were done at both sites to verify
the independent calibrations. The amplifier in question is believed to perform at ~3.5K level,
which is comparable to the best results achieved in this band. Work continues to resolve some
mechanical issues related to the module layout.
For the first time in the Advanced Receiver Development project, we streamed full-frequency
spectra in 4 channels using a real-time spectrometer. While these were only raw power spectra,
without sideband or polarization separation, it represents an overwhelming majority of the
computing power required for the ultimate application of the Advanced Integrated Receiver, and
the path toward fully-calibrated, dual-sideband, dual-polarization operation is now clear. This is a
vast improvement over the previous mode of operation, wherein short, sub-second bursts of
data were captured and post-processed in software, sometimes over several days, before a
complete set of spectra could finally be reviewed in detail.
Mm & Submm-Wave Receiver Development: 385-500 GHz balanced mixers using Nb/Al-AlN/Nb
trilayer have been measured and show 2-3 dB higher loss than single-ended mixers built using
same component mixer chips. Single-ended mixers give 60-70K DSB noise temperature over the
385-500 GHz band. The excess noise of the balanced mixers may be due to the membrane
hybrids, which are being tested in this design for possible scaling to THz frequencies where
conventional waveguide hybrids are impractical. To resolve this, 385-500 GHz balanced SIS
mixers with waveguide hybrids have been completed in the CDL shop and are now having mixer
chips installed.
ALMA Band 6v2 (211-275 GHz) balanced SIS mixers, based on the successful single-ended Band
6 design, are ready for testing when the feed horn is completed by the CDL shop and
electroforming lab. The shop has completed the required Local Oscillator (LO) attenuator and
square-to-rectangular waveguide adapter.
AlN tunnel barriers are needed for all planned SIS mixers. Optimization of AlN tunnel barrier
growth continues with the goal of producing junctions with very low leakage current and highly
reproducible barriers. A wafer with optimized AlN barrier thickness, currently in process, is
expected to yield single-ended mixers for 385-500 GHz with substantially reduced loss. The
385-500 GHz mixer designs serve as proof-of-concept for band 10 (787-950 GHz) and band 11
(>1 THz) SIS mixers. The NbTiN deposition process needed to produce Nb/Al- AlN/NbTiN
trilayer for ALMA Band 10 and 11 mixers is under development.
Phased Array Feed (PAF): The move to the new receiver configuration with L-band optical fiber
links from the front-end to the receiver electronics in the lab is progressing. Throughout FY12
the engineering and technician time available has been 1/3 to1/2 of the allocations so progress
has been slower than planned. Brigham Young University grad students have made impressively
good progress toward an FPGA-based signal processing system for the PAF, and we are planning
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for the possibility that it can be used for the first PAF tests on the GBT. For the next generation
PAF, optimized for the GBT, BYU has manufactured the new dipoles for wider-spaced array.
Electromagnetic modeling of PAF noise properties continues, progressing toward a
comprehensive parametric model. To improve modeling, the dipoles were measured on the
outdoor antenna range for comparison with simulations.
Precision Array to Probe the Epoch of Reionization (PAPER): Construction and testing of components
for the expanded 128-element South African Array is underway. Data analysis and observations
continue using the existing South African 64-element and Green Bank 32-element arrays,
including a study of ionospheric effects on PAPER data.
Lunar University Node for Astrophysics Research (LUNAR): LUNAR is a grant from the NASA Lunar
Science Institute to develop instrumentation for lunar-based research. Current activity is
centered on the Explorer-class DARE mission proposal with specific attention given to the
antenna and front-end design concepts. We continued to work on the DARE Instrument
Verification Plan, including the start of long-term observations with the engineering prototype in
Australia.
ALMA Development and Design Studies: CDL is involved in three of the approved ALMA design
studies: Band 1, Band 2, and Band 6 upgrade. In addition, the ALMA Board approved the joint
construction proposal for ALMA Band 5. NRAO will build the Band 5 local oscillators and our
European colleagues will be responsible for the cold cartridges. The Band 1 design study is a
collaboration with HIA, ASIAA, and the University of Chile. A kickoff meeting was held in Taiwan.
A kickoff Band 2 meeting was held and work has begun on the amplifier and optics
development.
Eight ALMA Development Studies proposals were awarded from the Nov 2011 Call for
Proposals:
 Second Generation Receiver for ALMA Band 6 (Kerr, NRAO)
 Design Study for Production of Band 2 Cartridges (Bryerton ,NRAO)
 Millimeter/Sub-millimeter VLBI with ALMA (Kern, NRAO)
 Increasing the ALMA Data Rate (Glendenning, NRAO)
 Ultra-wideband Quantum-limited Amplifiers for Receiver Front Ends (Woody, Caltech)
 A Visualization Portal for ALMA Data (Rosolowski, UBC)
 Unleashing Large Dataset Science (Mundy, Maryland)
 ALMA Band 1 Receiver Development Study (Ho, ASIAA)
$482K was awarded, with 62% of the awards going to the community.
The ALMA Board approved full production of Band 5, and it is underway. The European Space
Observatory (ESO) will be providing the RF part of the receiver while NRAO provides the LO
part. Bids have been solicited for installation of optical fiber between OSF and Calama to
improve data transmission rate and minimize operating costs. Two development proposals are
in process: phasing ALMA as part of mm-VLBI, and full production of Band 1 receivers in
collaboration with HIA, ASIAA, NAOJ, and U. Chile. Bill Randolph was appointed ALMA-NA
Development Program Manager effective 11 June.
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Amplifier Production: New amplifier production in Q4 included six 4-8 GHz, four 8 -12 GHz,
seven 12-18 GHz and two 65-90 GHz amplifiers. Repair, upgrade, and retesting of amplifiers
included nine 1-2 GHz, two 8-12 GHz, and three 8-18 GHz. In total, 33 amplifiers were shipped.
The EVLA and VLBA amplifier and production is slightly behind schedule (only affecting spares)
due to development and production demands for GBT (65-90 GHz and 4-8 GHz), Arecibo and
Shanghai Observatory C-band receivers and also ALMA Band-1 development.
New amplifier production in Q3 included four 2-4 GHz, six 4-8 GHz, four 8-12 GHz, and six 1218 GHz amplifiers. Repair, upgrade, and retesting of amplifiers included twelve 1-2 GHz, one 412 GHz, and one 8-18 GHz. In total, 34 amplifiers were shipped. VLA and VLBA amplifier
production is on schedule.
New amplifier production in Q2 included four 1-2 GHz, two 2-4 GHz, four 4-8 GHz, and
twelve 8-12 GHz. Repair, upgrade, and retesting of amplifiers included eight 1-2 GHz, one 2-4
GHz, five 4- 8 GHz, and one 12-18 GHz. In total, 37 amplifiers were shipped.
New amplifier production in Q1 included sixteen 230-470 MHz amplifiers, four 2-4 GHz, four
4-8 GHz, six 12-18 GHz, and two 26-40 GHz. Repair, upgrade, and, retesting of amplifiers
included four 1-2 GHz, one 8-12 GHz, three 12-18 GHz, one 26-40 GHz amplifier, one 75-102
GHz and four 26-36 GHz CARMA amplifiers. In total, 46 amplifiers were shipped.

GBT Development Projects
VEGAS spectrometer: First light was achieved with the GBT Q2. The UC-Berkeley team continued
work on the spectrometer modes required for early science observations with the GBT in
September-October. Hardware issues in the GB instrument identified in spring observations
have been addressed. Delivery of the ROACH 2 FPGA cards is several months behind, but first
run cards are being evaluated by the manufacturer. Development for the multi-spectral window
modes at Berkeley is also taking longer than planned, though we are confident the work will be
completed within the window of the NSF-ATI grant. The current spectrometer will continue be
used for observations in the interim.
4mm Receiver: The 4mm receiver continues in shared risk observing, including the first remote
observer usage in Q2. Analysis continued with the receiver on the GBT to improve baseline
performance. The tests scheduled for the summer were conducted, though they were delayed
by unrelated work on the lab spectrometer and securing the replacement amplifiers from CDL,
which are expected early Q1 FY2013. Reallocation of work to increase 4mm progress and
delivery of amplifiers should accelerate completion in time for high-frequency observing season.
Broadband Pulsar Receiver: A breakthrough in accommodating pulsar and spectral line observing
with the 12-18 GHz Ku-Band receiver was achieved with the design of a single wideband, low
noise pixel for pulsar observing that will be added into the existing Ku-Band receiver dewar.
With this design pulsar and spectral observations may be interspersed without any receiver
adjustments; a great improvement in observational efficiency. Final assembly is underway and
first light is anticipated in Q1 FY 2014 immediately followed by commissioning and launch of
campaign-mode pulsar search observations.
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New Initiatives
Space VLBI: The RadioAstron spacecraft is operating well and fringes have been seen in 3 bands.
Y. Kovalev and A. Smirnov visited GB in September to discuss GB tracking station technical
details and the Statement of Work. Discussions were conducted with representatives of the
Shanghai Astronomical Observatory (SHAO) at the Beijing IAU in Aug re a possible future mmwave VLBI satellite mission.
NANOGrav: An MoU was signed 20 Mar between NANOGrav and NRAO.
PAPER: The $4.5M PAPER proposal to NSF to expand the array to 128 elements and begin
Epoch of Reionization observations was fully funded.
Large Synoptic Survey Telescope (LSST): NRAO became an LSST consortium member institution
in Oct 2011; R. Dickman is the NRAO representative to the LSST Board.
Export Control: The AUI/NRAO legal strategy is in place. An ITAR Assessment program draft
was completed Q4 and is under review by AUI. Our Commodity Jurisdiction (CJ) Request
status follows. ALMA Front Ends: CJ request submitted 18 May; clearance given 15 June. SHAO
C-band receiver: CJ request submitted 21 June; clearance received 30 July; RadioAstron tracking
station: CJ submitted 19 July; clearance received 24 August for the downlink functions only.
VLBA External Operations Support: A CASS/CSIRO contract for $200K for 2 years was signed 26
June, and all funds have been received by AUI. Our ASIAA activities have been suspended
indefinitely. A 2-year $1.4M contract to clone NRAO’s VLBI software correlator was signed Q2
with USNO. This correlator will be used for reducing VLBA geodetic observations acquired for
the USNO.
GB External Operations Support: A draft contract and Statement of Work has been completed for
use of the GB 43m antennas as a data downlink station for the RadioAstron satellite and is
under final review. The initial contract is proposed for 2.5 years. Extensions are planned,
subject to continued health of the spacecraft and viability of the science mission.
North American Array (NAA) Workshop: This spring 2013 workshop will focus on: (1) transient
radio science in the LSST era, and (2) signal processing and other new enabling technologies. The
Scientific Organizing Committee has been organized.
DVA-1: The CDR status review was completed, and NRAO institutional involvement has ended.
Frequency Agile Solar Radiotelescope (FASR): Completion of the Q4 milestone for completion of a
FASR construction proposal is at risk. Since there has been no NSF support, no mitigation is
possible.
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6

Broader Impacts

This section describes the Broader Impact activities for FY 2012. The EPO efforts promote
public awareness and understanding of important science results achieved by NRAO users,
promote and stimulate STEM learning and careers among students, and contribute to sustaining
public support for continued U.S. participation and leadership in radio astronomy, with
particular emphasis on communities where we operate telescopes. NRAO endeavors to
broaden and engage diverse participants in many of these activities in society as well as within
the Observatory.

Education and Public Outreach
External Press/Media Activity: Twenty-one national press releases were produced; EPO worked
with NSF-OLPA to maximize press coverage of each release. A press conference at the January
Austin AAS was organized to publicize GBT observations of the M31-M33 hydrogen bridge.
EPO organized and completed the VLA naming opportunity, receiving 23,000+ unique
suggestions. A new on-line VLA Explorer was deployed online, the on-line ALMA Explorer was
updated, and a GBT Explorer is in production. New multi-configuration VLA public astronomical
images were acquired and processed in collaboration with scientific staff. ALMA access was
arranged for a New York Times reporter. GB hosted a meeting of the DC Association of Science
Writers.
Social Networking & Other Outreach Activity: NRAO and ALMA-NRAO Twitter account activity
trended strongly upward throughout the year. NRAO Facebook is up to 6,257 fans, with 56
posts Q4. NRAO exhibited at the large USA Science and Engineering Festival in Washington DC
28-29 Apr, where ~100,000 persons attended each day.
STEM Education: NRAO sponsored and/or hosted numerous STEM Education activities
throughout the year. In Q3 alone, GB hosted 20 overnight educational field trips, each
conducting research with the 40-foot Telescope; and 10,404 persons joined GB tours. VLA
Visitor Center attendance for Q3 was 4,752 persons. NM-based education staff presented 20
portable planetarium shows in Albuquerque public libraries and schools, and the VLA First
Saturday tours drew 671 visitors in Q3. The 20-meter GB telescope was renovated for use as a
development platform for a radio version of Skynet. Longer educational and teacher training
events included the Chautauqua Short Course for teachers in Socorro (8 attendees); Pulsar
Search Collaboratory (PSC) Workshop in Socorro (13 teachers); week-long PSC Teacher and
Student Leader Institutes (66 students and teachers from 10 states, plus 4 teacher mentors, 2
graduate students and 6 undergraduate students also participated); 2 week-long West Virginia
Governor’s School for Math and Science (60 rising 9th graders from WV); and a week-long
Educational Research in Radio Astronomy workshop (annual camp led by UNC Chapel Hill).
Pre-production planning continued for a new VLA Visitor Center film, and the design was
completed on the new VLA Walking Tour signs and brochure/map.
ALMA-specific EPO Activities: Production was completed on a 52-minute ALMA documentary that
is being marketed worldwide. This documentary has been uplinked to PBS stations nationwide
and broadcasts will begin October. Production commenced on a series of 12 short (3-5 minute)
web videos about ALMA topics not covered in the documentary. Began work with NSF OLPA
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producer on planning for ALMA segment for their Science Nation video series. Processed media
request to visit ALMA from MIT Technology Review magazine. Communicated with CBS News
60 Minutes about a possible ALMA piece. Interacted with NBC News on multiple occasions to
spur bringing the Rock Center ALMA segment to broadcast; this Rock Center segment aired 5 July,
and generated a 7X increase in NRAO website traffic. Hosted National Geographic to plan a
future, major ALMA photo essay expedition. Processed request from Yale University student
international relations magazine to visit ALMA GD/Vertex Site Erection Facility. EPO hosted
visits from German and NSF film producers making ALMA documentaries.
Open House Events: The Charlottesville Open House featured many new activities, including a live
virtual tour of the Universe, and the involvement of many staff and local students. Hubble
Servicing Mission astronaut Dr. John Grunsfeld made a public appearance and gave a wellattended evening lecture. The annual GB Family Science Day Open House attracted 590 guests.

Diversity
Diversity Training was conducted in CV and Socorro and covered cultural competence, Equal
Employee Opportunity/Affirmative Action, generational differences, laws that affect diversity,
identity abrasion, and the NRAO diversity plan. The Diversity Advocate and the Employee
Diversity Group Model has been formalized. The Employee Diversity Groups serve as the voice
and ears for the staff and communicate to the Advocates as to the learning topics and events
that are relevant for each site. Group meetings consist of speakers on a dedicated diversity
topic, informal discussions on topics of interest within the group and employees, as well as
quarterly sessions for the staff. Periodic “brown bag” sessions were initiated. A networking event
was organized for the five summer Howard University Interns. Scientific staff members Crystal
Brogan and Todd Hunter sponsored Nigerian student, James Chibueze, to work on a
Submillimeter Array 1.3mm study of the NGC6334 star formation region. Human Resources
coordinated a visiting graduate intern appointment for a Kenyan student to conduct research
with Kartik Sheth.

7

Observatory Administrative Services

This section on Observatory Administrative Services explains the activities of NRAO
management and administration.

Human Resources
NRAO Total Rewards Strategy: This fiscal year, Human Resources (HR) completed benchmarking
of NRAO benefits and compensation programs to peer organizations, establishing a measurable
Total Rewards index for use in managing NRAO’s Total Rewards Strategy (TRS). The final
implementation of the TRS program will be completed early FY2013.
Reduction in Force: After careful consideration of user community and Observatory priorities,
and a comprehensive analysis of NRAO options, the senior management team concluded that a
significant reduction-in-force (RIF) and a substantial reduction in Materials & Services and Travel
expenditures was required to address a FY 2013 deficit. HR developed and implemented the
RIF process for use by NRAO senior managers to assist them in determining which
positions/staff members would be eliminated as a result of our reduced FY13 budget. HR staff
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performed the necessary due diligence on each recommendation that included review and
guidance from an outside employment attorney. On 10 July, the NRAO Director announced
that 26 staff positions were being eliminated across the Observatory. Though a majority of the
eliminated positions were vacant, retirements, or associated with recently completed projects,
ten NRAO employees were laid off in Q4.
Organization: HR instituted a publication process for NRAO-wide organization charts that
graphically display functional reporting relationships across the Observatory. A formal process
for managing all changes to functional reporting relationships was instituted Q4.
Retiree Medical Plan: Changes to the AUI Retiree Medical Plan were made Q2, including freezing
the current plan to new hires effective 1 January; establishing grandfather rules for the current
plan for existing employees based on age (45 during CY2012) and years of service (at least 15
during CY2012); increasing eligibility rules to age 60 and 10 years of service equaling 70 or
above; charging premiums for new over age 65 retirees effective 1 January 2013; and establishing
a Health Savings Account/High Deductible Health Plan for employees not eligible for the current
retiree medical plan. An all employee communication was sent out 25 March that announced
the changes. Detailed employee briefing were conducted in April.
Nonexempt Staff FLSA review: HR completed the review of positions to ensure NRAO is in
compliance with Fair Labor Standards Act (FLSA) regulations.
Updated Workforce Management Plan: HR updated the NRAO Workforce Management Plan from
its original 1 September 2009 issue.
Family Leave Policy: A revised Family Leave Policy was developed and will go into effect 1 January
2013. Employees were informed of the policy during NRAO benefits open enrollment meetings
in October.
Workplace Conduct policies: Three new policies were developed by HR to support positive
workplace conduct by and for NRAO staff. These policies are designed to establish clear
Observatory-wide leadership and set expectations for managers and employees and include the
Code of Ethics and Standards of Conduct Policy,Workplace Bullying Policy, and Performance and
Conduct Policy. A Workplace Conduct at NRAO brochure was also developed for current and new
NRAO employees. It will be the key communication to inform people of NRAO's commitment
to a professional work environment. The policies and brochure will be communicated to staff
Q1 FY 2013.
Employee and management training program: NRAO Human Resources initiated the development
and delivery of employee and management training programs across the Observatory. The first
training program is scheduled for delivery in the Q2 FY2013.
Performance Evaluations: Through the leadership of the NRAO Director and the management
team, NRAO achieved a 100% completion rate in its 2012 Performance Evaluation process.
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Computing and Information Systems
Common Computing Environment (CCE): Completed design for single-sign-on for the NRAO and
ALMA Helpdesks. The NAASC Cluster is now producing ALMA QA2 products for NA
observers, and CPU capacity is sufficient to allow ALMA QA Level 2 to be moved from JAO to
NAASC. The CASA Pipeline was installed on NAASC compute cluster and test runs were
successfully executed. A full replica of all GBT and legacy GB instrument data is now in CV. The
NRAO ALMA Science Portal and Helpdesk were ready for ALMA Cycle 1 Call for Proposals.
Distribution of Red Hat Linux v6 Operating System is in final release testing.
Networking & Telecommunications: Completed the CV phone system upgrade. Replaced 3 end-oflife video conference units with HD systems, reducing travel and improving Observatory
communication. The AUI Request for Proposals to install fiber optic cable to the ALMA OSF was
issued. The hardware and fiber build-out for the GB high speed Internet link was finalized.
Online webinar training for NRAO proposals was hosted with 50+ scientists participating in
presentations, video, and Q&A
Security: A security audit recommendation was addressed with installation of swipe access to
HR and Information Technology areas. There were no security events that impacted production.
Special safety and security planning was undertaken for staff attending the IAU General
Assembly in Beijing, China in August.

Business Services
Environmental Safety and Security (ES&S): Surveillance cameras at CV-Edgemont Road were
upgraded. Security door for after-hours access to HR/Admin hallway has been installed to
improve protection of confidential information.
Numerous training sessions were organized across NRAO, including: new hire safety
orientations; back safety & power lifting; antenna lockout refresher; fire alarm panel training; slip,
trip and falls; proactive safety & the self inspection; VLA-fire brigade training; and NFPA 70E
Electrical Safety training.
In Q3 alone, NRAO recycled 878 Pounds of Batteries (wet & dry), 100% of our packaging
cardboard, plus 300 pounds of additional cardboard product and 3000 pounds of scrap steel.
Monthly safety inspections were completed at all sites (fire extinguishers, first aid kits, etc.). In
Socorro, semi-annual Halon Inspection/testing was conducted, and the VLA FM 200 system was
inspected. Fire extinguishers were checked at all sites.
A new 2012 F350 Ambulance was acquired for the NRAO-VLA-EMS group, and outside funding
was acquired for the purchase of a new Philips Heart Start MRx unit.
NRAO-NM started working on an Ergonomic policy and a material funding program to help
mitigate ergonomic concerns. This is a collaboration between New Mexico Operations, the
Business office, and ES&S.
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Fiscal: The AUI/NRAO OMB A-133 Audit report for FY 2011 contained an unqualified opinion
with no findings, material weaknesses, questioned costs, or required audit adjustments.
Preparation for the annual AUI Medical and Pension plan audits began in May with audit
fieldwork completed in Aug. In response to the NSF/OIG report 6171-2010-1790008, finding
11-01 AUI prepared and submitted the Comprehensive Cost Allocation Policy to provide detailed
procedures pertaining to all allocation methodologies. The transition of vendor payments to
Automated Clearing House transfers is complete.
Management Information Services: A major Oracle J.D. Edwards ERP software upgrade is ongoing.
Contracts & Procurement: Finalized the Procurement Manual Update in Feb. AUI attorneys
reviewed the Export Compliance Program Manual for a program that will be in place FY2013.
The Procurement website internal and external pages were revised. A revised Procurement
Manual was also completed and posted to the NRAO webpage.

8

Director’s Office

Office of Science & Academic Affairs
A key part of the chief scientist role is scientific input into reporting documents and venues,
such as the Visiting and Users committees, as well as scientific press releases and EPO-related
highlights. The chief scientist (C. Carilli) also participates in the Director’s review of selected
observing programs to identify emerging science themes.
Head of Science and Academic Affairs (OSAA) participates in all scientific staff hiring either
directly on the selection committee, or via a post-selection review to set appointment level with
HR. This includes NRAO hires to ALMA in Chile.
A major task for the chief scientist and chief technologist (R. Fisher) is to guide the
Observatory Science and Technical Council (OSTC) through the review of Observatory
Development & Programs (ODP) proposals, and provide prioritized lists for the annual budget
summit.
SAA provides budgetary support for schools and scientific meetings sponsored in whole or part
by NRAO. These schools and meetings are a key part of NRAO education and professional
outreach and development, and foster a vibrant community in the use of NRAO facilities. SAA
supported the Synthesis Imaging summer school, and other events.
Scientific Staff: SAA performed the scientific review of all scientific staff, including astronomers,
scientists, research engineers and computer scientists. SAA is leading a revision of the Scientific
Staff Policy Manual (SSPM), including post-tenure review, PRC streamlining, emeritus and
gradual retirement. A committee has been established with SAA, SRR, HR, and AUI
representation. The academic promotions process is on hold until the SSPM revision is
complete.
Jansky Lecture: SAA organized the annual Jansky Lecture and visits. Mark Reid (CfA) will be the
2012 Jansky Lecturer in the fall.
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NRAO & NAASC postdocs, mentoring and oversight: The annual NRAO postdoc symposium was
held in Socorro 25-28 March. Several postdocs attended the 2012 Synthesis Imaging School.
Three new Jansky Fellows joined the Observatory. Socorro and GB project postdocs made
substantial contributions to telescope commissioning and software testing. NAASC postdocs
contributed to ALMA Cycle 1 documentation, ALMA databases, ALMA special sessions at the
Jan and Jun AAS meetings, and other ALMA workshops. Some postdocs supervised REU
student research. Science activities at all sites included lunch talks, colloquia, science tea, and
journal clubs, often led by postdocs. Training opportunities include an interferometry discussion
group, Python programming training, radio technique schools, CASA workshops, and more.

Communications
External Stakeholder Communications: Represented NRAO at the 2nd National Users Facilities
Organization exhibition on Capitol Hill: in the Senate 28 Mar, and in the House of
Representatives 29 Mar. Worked with Director’s Office and staff across the Observatory to
prepare NRAO reports, briefings, and support materials for the NSF,Visiting Committee, and
Users Committee. Worked with Director’s Office staff and User Committee co-chairs D. Wilner
(CfA) and G. Richard (Drexel) to establish and communicate the the meeting agenda. Visiting
Committee meeting was 16-17 May in GB; User Committee meeting was 21-22 May in Socorro.
Internal Stakeholder Communications: Collaborated with Director’s Office and the management
team to improve staff communications across the Observatory. Completed a major redesign of
the NRAO staff web site, which went live 27 March. Collaborated with Director’s Office staff to
prepare and distribute NRAO employee communications regarding the NSF Portfolio Review.
Collaborated with HR staff on Open Enrollment communications and internal web site content
for employees.

Spectrum Management
World Radiocommunication Conference 2012: Led radio astronomy delegation in Geneva as IUCAF
rep. Main issues included proposed use of 15.4 GHz spectrum for drone aircraft control; use of
various bands at 4-16 GHz for satellite phone uplinks; and new airport surface radar at C-band.
All but one serious threat to radio astronomy eventually dissipated. The remaining issue was
Australian government support for use of aerostats as microwave links in remote inland areas.
Committee on Radio Frequencies (CORF)/National Association of Spectrum Managers (NSMA):
Attended and participated in CORF and NSMA meetings in Washington DC.
Federal Communications Commission (FCC): Filed FCC comments on use of cm- and mm-wave
level probing radars that operate in bands from 6 to 85 GHz. In cooperation with an association
of radar vendors, NRAO reached an agreement that provides for 4 km-radius exclusion zones
and an 80 km-radius zone providing for height restrictions on radar operations around US radio
observatories. Filed FCC comments on a proposal by Qualcomm to operate an air-ground
Internet broadband links at 14 – 14.5 GHz. NRAO and CORF agreed with Qualcomm’s
suggestion to coordinate this use through the NSF Spectrum Management Office.
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CloudSat: Concluded coordination with CloudSat, an orbiting 94.05 GHz radar. The satellite
concluded orbital maneuvers occurring over several months to rejoin its original orbit partners
following a battery incident nearly two years ago that severely restricted its operation and
caused a substantial wobble of its downward pointing.
International Telecommunications Union - Radiocommunication Sector (ITU-R) Working Party 7D (Radio
Astronomy): Prepared input documents related to protection of radio astronomy from a
proposed new allocation to vehicular radar at 77.5-78 GHz. Prepared a revised version of ITU-R
Recommendation RA.1417 concerning a radio quiet zone in the vicinity of the L-2 Earth-Sun
Lagrangian point.
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Appendix A: Major Milestones and Functional Tasks Completion Matrix
Section

Subcategory

Specifics

Observatory Science Operations
User Portal
Maintenance and development of the
user portal, PST, associated databases
will return to NRAO from Open Sky
Software contract.
All services accessible through the
NRAO User Portal via single sign-on.

Proposal Process

Observing Prep
Tools

Archive/
Data Access

Helpdesk/
User Forums

Final Status
(Completed as
planned/not)

Explanation of the
Schedule Variances

Completed

Delayed to Q1,
FY13

Complete the development of software
tools that will replace site-based legacy
tools in support of the time allocation
process.
Incorporate elements of the Splatalogue
database into the EVLA and GBT
observation preparation software and
analysis systems.

Completed

Start supporting new GBT data in the
NRAO archives and provide access to
the data through the Archive Access
Tool (AAT).
Full mirroring of EVLA archive to
Charlottesville; pipeline products to be
made generally available through the
AAT.

Completed

Internal testing of batch re-processing
of EVLA data through prototype web
interface in the AAT.

Delayed to Q1,
FY13

Single sign-on capability being
developed for the User Portals will
enable single sign-on access to both
helpdesks.
Integrate the Green Bank operations
into the helpdesk.
User-to-user discussion forum will be
released for public use with the main
forum topic being CASA.

Delayed to Q1,
FY13

Delayed to Q1,
FY13

Delayed to Q3,
FY13

Completed
Completed

Primarily a result of personnel
changes in the single-sign-on
team in Europe. A delay of
one quarter for completing
this task is anticipated.
These tools continue to be
developed in response to
TAC input, however.
EVLA work re-prioritized due
to problems hiring software
engineer for higher priority
proposal handling
development work;
Improvements to GBTIDL
focused on Pipeline and
VEGAS; spectral line
enhancements to begin in Q1
FY13

Archive mirroring completed;
the part that is missing is
making pipeline data products
available through the AAT.
Until the pipeline products
are fully validated, they will
not be available in the archive
nor mirrored. This will be
ongoing as new modes are
rolled out and supported as
"standard modes".
Testing and validation of
pipeline products was
considered a higher priority;
development therefore
focused on enabling
reprocessing using scripted
pipeline
See above for single sign-on
user portal.
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Section

Subcategory
Science
Community
Communications

VAO
HPC

Metrics and
Statistics
Observation
Support

Observation
Support (cont.)
User Education &
Training

Science User
Outreach

Pipeline
Development

Post-processing
Software
Development
Algorithm
development

Specifics
Represent at AAS, IAU, and AAAS
meetings

Final Status
(Completed as
planned/not)
Completed

Represent at NSBP/NSHP.
Represent at International Conference
for High Performance Computing,
Networking, Storage and Analysis.
Begin prototyping VAO access to
ALMA data, as well as that from
NRAO’s North American telescopes.
Additional archive storage will be
installed.
First early science data products will be
mirrored to the NAASC.
Enhancements to, and integration with
other databases completed.

Completed
Completed

VLBA observation preparation and
scheduling software, SCHED, will be
updated to support the increased
bandwidth available with the new Cband receivers.
EVLA OPT updated to support the
expected release of 8 GHz bandwidth
observing on the EVLA.
Version of the OPT incorporating the
correlator set-ups to be made available
at the beginning of EVLA full operations
released for testing.
CASA tutorial for users with ALMA
Cycle 0 and EVLA observing time.
13th Synthesis Imaging Workshop.
Community Day Events (CDEs).
Green Bank to host conference on H1
in the galaxy in Green Bank in
celebration of the 35th anniversary of
the Tully-Fisher relation.
NAASC host the sixth scientific
conference “Outflows, Winds and Jets:
from Young Stars to Super-massive
Black Holes.”
Prototype EVLA CASA pipeline will be
modified to handle EVLA Dconfiguration data.
All “standard” EVLA observations will
be processed through the pipeline as
they are observed.
Integration of new 4mm receiver and
new spectrometer into a data reduction
pipeline.
CASA 4th & 5th public release.

Completed

Completion of the software framework
needed for wide-band, wide-field, fullpolarization imaging capabilities with
heterogeneous array support.

Completed

Explanation of the
Schedule Variances

Completed
Completed
Completed
Completed

Completed
Completed

Completed
Completed
Completed
Completed

Completed

Completed
Completed
Completed
Completed

As planned. Further
development is underway in
FY13.
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Section

Subcategory
Library &
Historical Archives

Specifics
Implement page charge support
reduction to papers reporting ALMA
early science results, and to reporting
results from Key Science Projects.

Observatory Telescope Operations
ALMAAnnual ALMA External Review (AAER).
Construction
Installation of power and fiber optics for
the antenna stations in the extended
array complete.

Final Status
(Completed as
planned/not)
Dropped

Explanation of the
Schedule Variances
The DO elected not to
reduce this component of
community support.

Complete
Delayed to Q2,
FY13

17th Vertex antenna accepted

Complete

Nutators delivered to the Operations
Support Facility (OSF).

Delayed to Q2,
FY13

Redesigned units (OPT) delivered to the
OSF.

Delayed to Q1,
FY13

Deliver of last (22nd) Front End.

Delayed to Q1,
FY13

All Local Oscillator Warm Cartridge
Assemblies (WCAs), including spares, for
ALMA Bands 3, 6, 7, and 9 delivered.
WCAs for Bands 4 and 8 delivered.

Complete

Cold Cartridges Assemblies for Bands 3
and 6, including spares, delivered to the
three ALMA FEICs.
Delivery of the second FE Service
Vehicles (FESV).
Delivery of FE Handling Vehicles (FESV).

Complete

Ongoing

Delayed due to adverse
weather and contractor
demobilization over the
Chilean winter. To be
complete in Q2FY2013.
24 Vertex antennas accepted
as of September 2012. 25th,
and final antenna, to be
accepted by early November
2012.
Delayed to make software
improvements to meet
pointing and settling time
specifications. First unit to
ship to OSF in December
2012. Three remaining units
ship in Q2FY2013.
The variance results from
getting the test acceptance
report written for the first
unit, coordinating antenna
availability to test the second
two, and the delayed
acceptance test of the fourth
unit at the vendor.
21 FEs delivered. Acceptance
of FE 22 completed in
September 2012. Delivery of
FE 22 delayed until
November 2012 to facilitate
tests of FE test and
measurement system.

WCAs for Bands 4 and 8
continue to be delivered.
Scheduled for completion in
December 2012.

Complete
Delayed to Q3,
FY13

Delayed to investigate
impacts of excess weight and
maneuverability in EU and EA
antennas. Pending budget
approval, delivery to be
complete in late FY2013.
Potential descope.
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Section

Subcategory

EVLACommissioning

EVLAConstruction

Specifics
Decommissioning and delivery to OSF of
an Antenna Article Test Stand.

All documentation required by the
Configuration Item Documentation Lists
(CIDL) delivered.
Reassembly at the AOS of the
correlator’s fourth quadrant complete.
Release R9.0 and R9.1 of the ALMA
software.
Subarray and phased array observing
modes commissioned.

Complete

Increased flexibility in correlator set-ups
will be commissioned and deployed for
RSRO use.
3-bit samplers will be deployed and
commissioned for RSRO use.
Complete integration of antennas

Completed

Complete installation of L and S-band
front end systems.
3-bit mode compliant downconverter
modules fully deployed
3-bit compliant DTS modules fully
deployed
WIDAR formally accepted
Monitor & Control Commissioning
Supported
Test version of the OPT available with
capabilities to be advertised for full
operations
Pipeline-processed EVLA/OSRO data
delivered to users

EVLA-Low-Band
(NRL funded)

Final Status
(Completed as
planned/not)
Delayed to Q1,
FY13

First functional receivers in the array (4
units)
Deliver low-band receiver performance
documentation to NRL (CDR)
Complete LNA construction (56 units
delivered from CDL to NM Ops)
First observations using the low-band
system under the Resident Shared Risk
Observing program

Explanation of the
Schedule Variances
Delayed because JAO at OSF
has not completed
preparations to receive the
test stand. Scheduled for
completion in Q1 FY2013.

Complete
Complete
Delayed to Q1,
FY13

Subarrays successfully used
for RSRO observing, final
commissioning will take place
2013 Q1. Phased array
testing progressing well, but
resources were used to
complete higher priority 3-bit
commissioning

Completed
Delayed to Q1,
FY13
Delayed to Q1,
FY13
Completed

Schedule slippage due to
reduced manpower.
Schedule slippage due to
reduced manpower.

Completed
Completed
Completed
Completed
Delayed to Q1,
FY13

Completed
Completed
Completed
Completed

Validation of pipeline
products is not yet complete.
Significant progress on the
EVLA pipeline was made, but
some key elements (such as
identification and automated
flagging of system-induced bad
data) were not completed
during FY12
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Section

Subcategory
EVLA Operations

VLBA Sensitivity
Upgrade

VLBA C-band
Upgrade Project
VLBA C-band
Upgrade Project
(cont.)
VLBA Operations

VLBA Partnership
Development
GBT

Specifics
Replacing antenna 10 azimuth bearing.
Approximately 5000 ties will be replaced
along the ~44 miles of array tracks.
Array reconfiguration.
Second digital backend installed at all
sites.

Final Status
(Completed as
planned/not)
Completed
Completed
Completed
Delayed to Q1,
FY13

First scientific observations with the
DDC personality
Full tuning range available for new Cband receivers at 5 sites
C-Band system deployment and
engineering verification – including crosscorrelation complete at 10 sites
VLBA Tiger Team Visits
Begin daily UT1-UTC observations for
USNO.
The USNO and NRAO will also
collaborate to duplicate the VLBA DiFX
correlator at the USNO.
Replacement of software libraries for
GBT complete.

Completed

Installation of multi-color tipper
complete.

Delayed to Q1,
FY13

First light with the NSF ATI program the
CICADA back-end
4mm two-pixel receiver for molecular
line and VLBA studies complete.

Completed

Prototype feed for wideband
NANOGrav receiver complete (CDL).

Delayed to Q1,
FY13

Broadband receiver covering 12-18 GHz
for the detection and study of pulsars in
the Galactic Center complete.

Delayed to Q1,
FY13

Explanation of the
Schedule Variances

Second digital backend
installed at 7 sites, remaining
3 were installed October
2012; note that use of the 2nd
DBEs requires full
complement of switches,
which have been delayed by
the manufacturer

Completed
Completed
Completed
Completed
Completed
Delayed to Q1,
FY13

Delayed to Q1,
FY13

Testing of the many systems
and mitigating individual
interface issues in the
production environment were
bounded by access to the
system during GBT
maintenance days.
The amount of RFI emissions
for the instrument exceed
expectations and detailed
published RFI specs do not
exist for these off-the-shelf
devices. Research being
conducted.
Amplifier deliveries delayed
completion into Q1 FY2013;
Scheduling difficulties delayed
VLBA tests.
Design issues were not
resolved and project rejected
as a carry-forward into FY
2013.
Initial implementation
assumptions were not
possible. Commissioning
delayed until Q1 FY2013
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Section
Subcategory
Specifics
Observatory Development Programs
CDL- Phased
20m test run with CASPER data
Array Feed Project collection.
Install fiber-optic analog transmission
system on receiver and 20 meter
telescope.
Design and prototype 20MHz bandwidth
beamformer.
Continue test runs on 20m and GBT
CDL-Advanced
Test advanced 1.7 – 2.6 GHz receiver
Receiver
Technology
CDL-Low-noise
Cryogenic
Amplifier Dev.

CDL-MMIC
Development
CDL-mm and
submm devices
CDL-mm and
submm devices
(cont.)

CDL-Digital Signal
Processing

Final Status
(Completed as
planned/not)

Explanation of the
Schedule Variances

Complete
Complete
Complete
Ongoing
Delayed to Q1,
FY13

Production of Amplifiers for EVLA

Delayed to Q1,
FY13

Production of Amplifiers for P-Band
project (USNO).
Production of Amplifiers for VLBA Cband upgrade.
C-band amplifiers for GBT and Arecibo.

Complete

Upgrade of 8 Ka-band amplifiers for
CARMA S-Z Array.
Study of cryogenic properties of SiGe
HBTs.
Development of ALMA Bands #1, #2
amplifiers.

Complete

Research on general noise properties of
three terminal active devices.
Research on noise properties of phase
array feeds.
Test new MMIC 35nm InP HEMT designs

Ongoing

Develop NbTiN SIS junctions with AlN
barriers
Develop balanced and sideband
separating SIS beam-lead mixers on Si
membranes for 800 GHz to 1.4 THz.

Ongoing

Support PAF work (see above)

Ongoing

Delayed due to technician
availability. New technician
hired in Q1 FY13 to mitigate
this risk in future.
Only spares are delayed
partly due to retrofitting of all
L-and S-band amplifiers (100
nF capacitors need to be
replaced due to reliability
issues). LNA production
slowed in summer 2012 due
to HVAC problems in
building (now resolved).

Complete
Delayed to Q1,
FY13

LNAs for GBT complete.
Only LNAs for Arecibo
delayed. LNA production
slowed in summer 2012 due
to HVAC problems in
building (now resolved).

Ongoing
Ongoing

Development of ALMA Band
2 LNAs complete. ALMA
Band 1 LNA development
ongoing.

Ongoing
Complete

Ongoing/
Delayed to Q1
FY13

Problems with AlN
deposition system delayed
fabrication and testing of SIS
mixers with AlN barriers
(needed for >800 GHz
operation); now resolved.
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Section

Subcategory

NIO

Broader Impact
EPO

Specifics
Complete 20m Radio SkyNet
Spectrometer

Final Status
(Completed as
planned/not)
Delayed to Qtr 2,
FY13

GBT Spectrometer ATI Project

Completed.

MOU Development.

Completed

Convene and lead a community
workshop on NAA– 2020.

Dropped

Development of a full FASR construction
proposal complete.

Dropped

Produce and install new, colorful
outdoor tour signage for the VLA
Walking Tour path.

Delayed to Qtr 1
FY13

Organize a press event and associated
materials to coincide with the
symposium on EVLA and ALMA early
science results at the 2012 AAAS
meeting in Vancouver
Implement a fee structure for tourists
who wish to take the Green Bank bus
tour
Observatory Administrative Services
ES&S
Eliminate the storage of ALMA related
chemical waste at the (E)VLA.
Site risk assessments through job safety
analysis.
Review of PPE reimbursements.
Site safety officer ASP/CSP certification

Completed

Completed

Completed
Completed
Completed
Completed

Explanation of the
Schedule Variances
Work was temporarily
suspended due to resignation
of post-graduate modedevelopment resource. Work
was picked up by Project
Scientist and the final mode
due in early FY 2013.
Duplicate entry (First light
with the NSF ATI program
the CICADA back-end)
(NOTE: This is an ongoing
effort)
Lack of interest on the part of
the community in the planned
topic (a North American
array). After extensive
discussion and thought, we
ended up re-thinking the
workshop topic and linking it
to the LSST project. The
Workshop will be held in CV
in May 2013.
PI advises NSF did not
encourage submission of
proposal.
Design completed.
Production of posts
completed. Signs are out for
fabrication and will be
installed on site in late
November or early
December 2012.
Unanticipated difficulties in
assembling a good composite
satellite view of the VLA site,
as needed by one of the signs.
This problem has been
overcome.
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Section

Subcategory
HR

CIS

Business Services

Fiscal

MIS

Specifics
Completion of the NRAO exempt staff
review

Final Status
(Completed as
planned/not)
Delayed to 1st
Qtr FY13

Current job descriptions for all NRAO
jobs completed.

Delayed to 1st
Qtr FY13

Implemented the first phase of a revised
Retiree Medical Plan.
Successful electronic benefit open
enrollment process.
Installation of locked access doors to the
Charlottesville hallway where HR is
located
Participation in the management
development training expanded to
additional sites.

Completed

Delayed to 2Qtr
2013

NRAO HR is revamping the
management (Leadership)
training program developed
last year to provide an array
of training programs for new
and experienced managers.

Clear role and responsibility parameters
for supporting NRAO Local and
International Staff in Chile finalized.
Implementation of Windows 7

Dropped

Implementation of Red Hat Enterprise
Linux Version 6

Completed

ALMA HR matters were
transferred to the new AUI
HR VP on October 1, 2012.
Machines not meeting H/W
requirements must be
replaced as funds allow
Machines not meeting H/W
requirements must be
replaced as funds allow

Implementation of a CMS and User
Portal service
Complete migration of the phone system
in CV to VoIP
Completion of Travel web page
Automated reports generation and
publication

Completed

Reports Review
ER surveillance and security
enhancement systems
P-Card Implementation complete

Completed
Completed

ACH implementation complete
Complete consolidation, review, and
rewrite the financial reports.

Completed
Ongoing

Explanation of the
Schedule Variances
Due to unanticipated
compensation support for
JAO HR on AUI Local Staff
compensation matters and
the NRAO RIF.
Due to unanticipated
compensation support for
JAO HR on AUI Local Staff
compensation matters and
the NRAO RIF.

Completed
Completed

Completed

Completed
Completed
Dropped

Completed

This project was superseded
by efforts of new Head of
Observatory Budgets to
create a new WBS alignment.
Current reports are sufficient
and consideration of updates
and automation will occur in
FY2013.

After a cost/benefit analysis,
decision was made not to
implement P-Card.
JD Edwards software update
completed mid Q4 2012.
Review of reports will be
completed Q1 2013.
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Section

Subcategory
C&P

Specifics
Complete the major JD Edwards ERP
upgrade
Finalize Procurement Manual update
Implement an export compliance
program
Revise the Procurement website internal
and external pages.

Final Status
(Completed as
planned/not)
Completed
Completed
Completed
Completed

Explanation of the
Schedule Variances
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Appendix B: Financial Plan Completion Matrix
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Appendix C: FY 2012 Annual Observatory Metrics
Table 1: Telescope Utilization
(Astronomy, Downtime, Maintenance, Test/Calibration, Unscheduled)
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Scheduled = planned observing time.
Astronomy = amount of observing hours that concluded
Downtime = amount of hours lost during observing
Maintenance = scheduled period for technicians to service. Observing time is not scheduled
during this time. This time is considered ‘protected’ and is not interrupted for targets of
observing opportunity.
Unscheduled = time that went idle (unplanned); for example, for VLBA if no media was
available or due to the 10 weather environments and the tiger team visits; for VLA if no
dynamic project fit; for all telescopes = holiday.
Downtime = faults that occur during a planned observation; e.g., circuit breaker fault, fraction
of array unavailable, etc.
Notes: All month-to-month variations are within the standard distribution.
For the VLA, there is a trend to increased astronomical observing following the shutdown in
Jan/Feb 2010. There is still a large allocation for test time due to EVLA commissioning.
For the VLBA, there is also a large allocation of test time to commission the wideband
capabilities.
For the GBT, there is lower observing time in the summer months for maintenance during the
period when the conditions are not ideal for high frequency observing. The large downtime was
for painting of the GBT structure. The telescope was shut down overnight between painting
sessions. The total loss of observing time will be lower than previously.
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Table 2: Telescope Usage by Observing Hours Expended in terms of:
- US/Foreign Observers
- Astronomical Community/Graduate Students/NRAO Staff

This includes ALMA observing serviced by the North American executive.
All metrics are compiled by principal investigator, not project team.
Top graphs are in observing hours.
Bottom graphs are in % of observing hours.
There is no systematic variation from previous periods.
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Table 3: Proposals Submitted during Reporting Period

This includes proposals received for semesters 12B and 13A. It does not include ALMA cycle
1as the data was unavailable during the compilation of this report

FY 2012 Annual Progress Summary /Page | 48

Table 4: Proposals Submitted During the Reporting Period by Science
Category

Proposals received in each science category for semesters 12B and 13A. Note that, by design
for consistency in proposal evaluation, proposals are approximately evenly distributed between
the categories.
This does not include ALMA cycle 1as the data was unavailable during the compilation of this
report.
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Table 5: Data Served during Reporting Period
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Chart 1: Total data served from all web servers.
Charts 2 & 3: Specific plots for the main web site and for the science web site
The main web site provides NRAO’s presence on the web. The science website is primarily in
support of the observers.
The spike in usage in October 2011 was the response to the ALMA Opens Its Eyes
announcement. The increase in usage of the science website in May and June 2012 was due to
increase in the NRAO enews service.
The variations are otherwise within the usual distribution.
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Table6: Archive Data Downloaded during Reporting Period
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As of 1 October 2012, GBT data is now available from the archive. A small amount of prerelease data retrieval can be seen.
The increase in VLBA files download in September 2012 was the retrieval of a large number of
sets of different pointings (phase centers) each made from a single observation.
Data being observed with the EVLA using the WIDAR correlator continues to dominate data
retrieval.
The small monthly variations are otherwise within the standard distribution and do not indicate
trends.
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Table 7: Archive Images Downloaded during Reporting Period

Images created by the VLA pipeline are stored in the data archive in Socorro. These are only
available for observations made prior to the EVLA upgrade. Archival research with VLA data
makes use of these images in addition to the uncalibrated “raw” visibility data.
These small monthly variations are within the standard distribution and do not indicate trends.
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Appendix D: Acronyms
Acronym
AAS
AAT
ALMA
ANASAC
AOS
ASIAA
AUI
BE
BYU
CASA
CASS
CCA
CCE
CCU
CDL
CDR
CICADA
CIS
CJ
cm
CORF
CPU
CSA
CSP
CSV
CV
DARE
dB
DBE
DDC
DiFX
DVA-1
EoR
EPO
ESO
ES&S
EVLA
FASR
FAT
FCC
FE
FEHV
FEIC
FPGA
FTE
FY
GB
Gbps
GBT

Definition
American Astronomical Society
Archive Access Tool
Atacama Large Millimeter Array
ALMA North American Science Advisory Committee
Array Operations Site (ALMA, Chile)
Academia Sinica Institute for Astronomy and Astrophysics
Associated Universities, Incorporated
Back End
Brigham Young University
Common Astronomy Software Applications
CSIRO Astronomy and Space Sciences
Cold Cartridge Assembly
Common Computing Environments
Center for Chemistry of the Universe
Central Development Laboratory
Critical Design Review
Configurable Instrument Collaboration for Agile Data Acquisition
Computing and Information Services
Commodity Jurisdiction
Centimeter
Committee on Radio Frequencies
Central Processing Units
Cooperative Support Agreement
Certified Safety Professional
Commissioning and Science Verification (ALMA)
Charlottesville, VA
Dark Ages Radio Explorer
Decibel
Digital Back End
Digital Downconverter
DIstributed FX correlator
Dish Verification Antenna -1
Epoch of Reionization
Education and Public Outreach
European Space Observatory
Environment, Safety, and Security
Expanded Very Large Array
Frequency-Agile Solar Radiotelescope
Final Acceptance Test
Federal Communications Commission
Front End
Front End Handling Vehicle
Front End Integration Center
Field-programmable Gate Array
Full-Time Equivalent
Fiscal Year (October 1 through September 30)
Green Bank, WV
Giga-bits per second
Green Bank Telescope
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Acronym
GHz
GPU
GUPPI
HBT
HFET
HPC
HR
HVAC
IAU
IPT
ITU-R
IUCAF
JAO
kHz
LNA
LO
LSST
LWA
M&C
Mbps
MHz
MIS
mm
Mm/submm
MMIC
MOU
MPIfR
as
Jy
MUSTANG
NA
NAA
NAASC
NAOJ
NASA
Nb
NC
NLR
NRAO
NRC-HIA
NRL
NRQZ
NSF
NTC
NWNH
OCA
ODP
OMT
OPT
OSAA
OSF

Definition
Gigahertz
Graphics Processing Unit
Green Bank Ultimate Pulsar Processing Instrument
Heterojunction Bipolar Transistor
Heterojunction Field-Effect Transistor
High Performance Computing
Human Resources
Heating, Ventilation and Air Conditioning
International Astronomical Union
Integrated Product Team
International Telecommunication Union-Radio communications Sector
Scientific Committee on Frequency Allocations for Radio Astronomy and Space
Science
Joint ALMA Office
kiloHertz
Low Noise Amplifier
Local Oscillator
Large Synoptic Survey Telescope
Long Wavelength Array
Monitor and Control
Mega-bits per second
Megahertz
Management Information Services
millimeter
Millimeter/submillimeter
Monolithic Millimeter-wave Integrated Circuit
Memorandum of Understanding
Max Planck Institut für Radioastronomie
Micro-arcsecond
microJansky
Multiplexed SQUID/TES Array for Ninety Gigahertz
North American
North American Array
North American ALMA Science Center
National Astronomical Observatory of Japan
National Aeronautics and Space Administration
Niobium
North Carolina
National Lambda Rail
National Radio Astronomy Observatory
NRC Herzberg Institute of Astrophysics
Naval Research Laboratory
National Radio Quiet Zone
National Science Foundation
NRAO Technology Center (Charlottesville, VA)
2010 Decadal Survey “New World New Horizons”
Office of Chile Affairs
Observatory Development Programs
OrthoMode Transducer
Observation Preparation Tool
Office of Science and Academic Affairs
Operations Support Facility (ALMA, Chile)
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Acronym
OSRO
OSO
OSTC
OTO
PAF
PAI
PAS
pc
PFB
PI
POP
POPT
PSC
PST
Q
R&D
RDBE
REU
RF
RFI
RSRO
SHAO
SIS
SMA
SOS
SSPM
STEM
submm
TAC
TBytes
THz
TRS
UNC
USNO
UVML
VA
VAO
VLA
VLBA
WCA
WV
WVU

Definition
Open Shared Risk Observing
Observatory Science Operations
Observatory Science and Technology Council
Observatory Telescope Operations
Phased Array Feed
Product Assurance Inspection
Product Assurance Services
parsec
Polyphase Filter Bank
Principle Investigator
Program Operating Plan
Production Optical Pointing Telescope
Pulsar Search Collaboratory
Proposal Submission Tool
Fiscal Quarter
Research and Development
ROACH Digital Backend
Research Experiences for Undergraduates
Radio Frequency
Radio-Frequency Interference
Resident Shared Risk Observing
Shanghai Astronomical Observatory
Superconductor–Insulator–Superconductor
Sub-Millimeter Array
Student Observing Support
Scientific Staff Policy Manual
Science, Technology, Engineering, and Mathematics
submillimeter
Time Allocation Committee
Terabytes
TeraHertz
Total Rewards Strategy
University of North Carolina
United States Naval Observatory
University of Virginia Microfabrication Laboratory
Virginia
Virtual Astronomical Observatory
Very Large Array
Very Long Baseline Array
Warm Cartridge Assembly
West Virginia
West Virginia University

