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FOREWORD FROM THE DIRECTOR

The National Radio Astronomy Observatory (NSF NRAO) continues
to push the boundaries of astronomical discovery with its world-class
radio telescope facilities. The NSF Karl G. Jansky Very Large Array
(NSF VLA), the Very Long Baseline Array (NSF VLBA), and the Green
Bank Observatory (NSF GBO) have delivered new insights in time-
domain astronomy, star formation, astrochemistry, extragalactic
studies, and planetary science. The Atacama Large
Millimeter/submillimeter  Array (ALMA) continues to drive
groundbreaking research on planetary disks, astrochemistry, star
formation, and black holes in galaxies near and far.

In 2024, the Observatory advanced several strategic initiatives that
strengthen our scientific impact and enhance user access. The
Science Ready Data Products initiative is enabling a wider community of researchers to engage
with NRAO data, while the Central Development Lab continues to lead in instrumentation and
technology development. From improving sensitivity and resolution to exploring new capabilities in
radar astronomy and advanced spectrum monitoring, these efforts are expanding the frontier of
what our telescopes and users can achieve.

Major projects also continue to make remarkable progress. The ALMA Wideband Sensitivity
Upgrade is moving forward with international partners, and the prototype next generation Very
Large Array (ngVLA) antenna started construction in New Mexico with European industrial
colleagues. The VLA Sky Survey (VLASS) is advancing our understanding of AGN and transient
phenomena across the radio sky.

At the heart of NRAO's mission are our people and users. We are proud to lead the worldwide
radio astronomy community through programs such as the Jansky Fellowships, Reber Fellows,
student research opportunities, Student Observing Support funding, new radar initiatives, and
Spectrum Management activities. These efforts are building the foundation for the next generation
of astronomers and engineers, while broadening participation in the field.

The NRAO staff remain dedicated to operating, maintaining, and advancing our world-class radio
telescopes, supported by the U.S. National Science Foundation, Associated Universities, Inc., the
scientific community, and industry partners. This Annual Report highlights a year of outstanding
progress, reflecting the dedication and vision of the entire NRAO community.

Biography: Anthony (Tony) J. Beasley was appointed as NRAO Director by the AUI Board of Trustees effective 21
May 2012. After receiving his Bachelor’'s in Physics in 1986 and his Doctorate in Astrophysics in 1991 from the
University of Sydney, Beasley joined NRAO as a Postdoctoral Fellow in 1991. He was appointed as a Deputy Assistant
Director in 1997, and served as Assistant Director from 1998 to 2000. In 2000, he left NRAO to become Project Manager
for the Combined Array for Research in Millimeter-wave Astronomy. In 2004, he returned to NRAO as an Assistant
Director and Project Manager for the Atacama Large Millimeter/submillimeter Array in Chile. Prior to his appointment
as NRAO Director, Beasley served as the Chief Operating Officer and Project Manager of the NSF-funded National
Ecological Observatory Network (NEON), a continental-scale ecological observatory designed to detect ecological
change and enable forecasting of its impacts.

VLA antenna on the Plains of San Agustin, New Mexico. Photo by Brian R. Kent (US NSF / AUl / NSF NRAOQ).
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THE NATIONAL RADIO ASTRONOMY OBSERVATORY:
WORLD CLASS FACILITIES FOR RADIO ASTRONOMY

Created in 1956 by the US NSF and AUI, the NRAO
designs, builds, and operates world class
astronomical telescopes, instrumentation, and
research facilities at radio wavelengths. In 2024,
the NRAO operated a complementary suite of four
world-class telescopes, each the world leader in its
frequency domain: the international Atacama Large
Millimeter/submillimeter Array (ALMA), the Karl G.
Jansky Very Large Array (VLA), the Robert C. Byrd
Green Bank Telescope (GBT), and the Very Long
Baseline Array (VLBA).

ALMA maintains a strong community interest as the
largest ground-based global astronomy endeavor
in history. Composed of 66 high-precision antennas
on an excellent 5000+ meter elevation site in
northern Chile, ALMA is delivering orders of
magnitude improvements in  millimeter-wave
sensitivity, frequency coverage, resolution,
imaging, and spectral capabilities. ALMA’s
capabilities span wavelengths from 9.6 to 0.3 mm
(31-950 GHz), a key part of the electromagnetic
spectrum for observing the first stars and galaxies,
directly imaging planet formation, and studying
supermassive black holes.

Photos by Jeff Hellerman, Bettymaya Foott,
Brian R. Kent, and Jay Young
(US NSF /AUI/ NSF NRAO / ALMA / NSF GBO)
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The Karl G. Jansky VLA in New Mexico has
scientific capabilities at the adjacent centimeter-
wavelength range that are complementary to
ALMA. The current VLA capabilities exceed the
original VLA design by one to four orders of
magnitude. These new capabilities were delivered
on schedule and on budget via the Expanded Very
Large Array project, and the array is meeting all of
the project’s technical specifications and scientific
objectives. The upgraded VLA is the world’s most
capable and versatile centimeter-wavelength
imaging array and is yielding dramatic new science
results that range from Galactic protostellar clouds
to the molecular gas in early galaxies.

The Robert C. Byrd GBT is the world’s premiere
single-dish radio telescope operating at meter to
millimeter wavelengths. Its enormous 100-meter
diameter collecting area, its unblocked aperture,
and its excellent surface accuracy provide
unprecedented sensitivity across the telescope’s



full 0.1 — 116 GHz (3.0m — 2.6mm) operating
range. The single focal plane is ideal for rapid,
wide-field imaging systems — cameras. Because
the GBT has access to 85% of the celestial sphere,
it serves as the wide-field imaging complement to
ALMA and the EVLA. lts operation is highly
efficient, and it is used for observations about 6500
hours every year, with 2000-3000 hours per year
available to high frequency science.

The VLBA is the premier dedicated Very Long
Baseline Interferometer (VLBI) array. Astrometry
with the VLBA has reached the precision of a few
micro-arcseconds, supporting distance and proper
motion measurements of astronomical objects in
the solar neighborhood, across the Milky Way,
within the Local Group, and moving with the Hubble
flow. When used in conjunction with the phased
VLA and GBT, the resultant High Sensitivity Array
(HSA) vastly enhances the sensitivity of VLBI
observations and broadens the range of novel
scientific research.

NRAO Headquarters in Charlottesville, Virginia is
home to the North American ALMA Science Center

(NAASC), Business & Administration, Human
Resources, Education & Public Outreach, Program
Management, and the Director’s Office.

The Central Development Laboratory (CDL)
conducts the technological research and
development that improves operational NRAO
telescopes and helps realize next generation
facilities. CDL oversees a science-driven research
and development program that supports the
community’s highest priority goals.

NRAO telescopes, operated individually and
synergistically throughout 2024 with optical,
infrared, and X-ray telescopes to open new frontiers
across a broad range of modern astrophysics:
proto-planetary disks and extrasolar planet
formation; astrochemistry; the early phases of star
formation; fundamental physics; molecular gas in
early galaxies; the environments of supermassive
black holes; cosmology; and much more.

In addition to research, the NRAO broadly impacts
science and society via its education and public
outreach programs. A program of compelling
science, technology, engineering, art, and
mathematics (STEAM) education programs are
introducing students every year to the excitement
and opportunities of careers in science, computing,
and engineering.

After more than six decades of continual
improvement under AUl management, the NRAO
comprises the nation’s core competency in radio
astronomy, an invaluable resource for the
astronomical research community in the United
States and around the world.
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SCIENCE HIGHLIGHTS

The NRAO facilities remain the global leaders in radio astronomy for studies of the cosmos at
centimeter through submillimeter wavelengths. These facilities play a crucial role in the modern
era of multi-messenger astronomy, working in concert with the facilities such as JWST, Chandra,
and non-electromagnetic observatories, to characterize cosmic phenomena ranging from
gravitational wave sources, to asteroids, to the formation of planets, to the first galaxies in the
Universe.

The following are highlights of some of the major science discoveries from the last year. These
highlights include results from ongoing large programs at the NRAO facilities, and from the major
NRAO surveys, such as the VLA Sky Survey (VLASS). A particularly fruitful synergy has been
established, in which the unique high resolution and sensitivity of the NRAO facilities provide the
ideal complement to new areas of research enabled by the JWST.

Time Domain Studies and Fundamental Physics

The GBT, with the support of the VLA, has made core contributions to the North American
Nanohertz Observatory for Gravitational Waves (NANOGrav) strong evidence for the stochastic
gravitational wave background from merging supermassive black holes throughout the cosmos.
This discovery represents a watershed event in modern physics. The 15-year data have now been
used to set a more refined limit on the power spectrum of the gravitational waves, beyond a simple
amplitude and power-law spectral index, by allowing for a running logarithmic change in the
spectral index with frequency. The results show no evidence that the spectral index changes with
frequency. The results are used to constrain models of primordial gravitational waves from cosmic
inflation during the first 10 s of the Universe.

1076

Free spectrum
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Left: NANOgrav power-spectrum of the gravitational wave background for a spectrally free model
(independent frequency bins), and a constrained running power-law spectral index. Right: NANOgrav
constraints (blue) with other cosmological measurements, on the power-law spectral index and running of
the power-law index, for primordial gravitational waves from cosmic inflation (NANOGrav consortium 2024
arXiv:2408.10166).

Plasma Bubbles and the Engine of Fast Radio Bursts. lllustration by Sophia Dagnello (US NSF / AUl / NSF NRAO).
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The GBT has performed its first searches for quantum chromodynamic (QCD) axions that
represent a primary candidate for dark matter. QCD axions might be converted into photons in
regions of very strong magnetic field, such as around strongly magnetized neutron stars. The
interaction between an axion miniclump and a neutron star might lead to a very narrow band and
transient radio signal. The GBT is an ideal facility for such a search, given its sensitivity and
spectral capabilities. The VErsatile GBT Astronomical Spectrometer (VEGAS) was used at X-
band at the GBT to search for such lines from the center of the Andromeda galaxy, plus a control
region well off the galaxy. Extensive methodology was developed to avoid spurious signals. The
measurements were sensitive to axions with masses between 33 and 42 peV. The null result from
the short observations was consistent with the current model for axion dark matter, although the
constraints are not strong given the limited observing time. However, the noise limited spectra are
a key technical demonstration, and a guide to future experiments over wide areas in the Milky
Way or longer observations of Andromeda, possibly with a dedicated radio telescope.

SFD [m)y]

Counts

Left: Image showing the regions searched for Axionic dark matter in Andromeda (red dots). Right: noise
limited GBT spectra for different time records, cleaned of RFI, at 8 GHz (Walters et al. arXiv:2407:13060).

ALMA has mapped the polarized emission and Faraday rotation measures across the radio jet in
M87 at 2” resolution at 90 GHz. The core has a large RM of 4.5x10* rad m™, and time variability
suggests the magnetized plasma causing the rotation measures may be due to an ionized wind
from the Active Galactic Nuclei (AGN) within a few thousand gravitational radii of the black hole.
The RM along the jet suggest a helical configuration for the external magnetic field on kpc-scales.

,,,,,,,,,,,,,,,,,,,,,,,,, . Lavas Left: Total intensity

e - i . raors e (contours) and fractional
polarization (color), plus E-

field vectors for M87 from
ALMA at 86GHz. Right:
Faraday rotation measures
across the jet and core
(Peng et al. 2024,
arXiv:2409.12028).
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Solar System and Planetary Science

ALMA and the VLA have been used to determine the abundance and distribution of metals on the
surfaces of the asteroid Kalliope and its moon Linus, with observations at 1.3, 9, and 20 mm down
to 25 mas resolution (30 km on the surface). Kalliope is an M-type asteroid, with a high
concentration of metals, such as iron. The mean thermal inertia of Kalliope is about 116 J m? s’
95 K1, and the surface radio emissivity about 0.6. Kalliope’s millimeter wavelength emission is
suppressed compared to its centimeter wavelength emission, and it is also depolarized. The radio
emissivity for Linus is higher, indicating a less metal-rich surface composition. Spatial structure in
the emissivity is observed on Kalliope, with a region in the northern hemisphere with a high
dielectric constant, suggesting enhanced metal content. These results are consistent with a
scenario in which Linus formed from reaggregated ejecta from an impact onto a differentiated
Kalliope (differentiation meaning elemental separation during a melting phase driven by
radioactive elements), leaving Kalliope with a higher and more structured surface metal
distribution than Linus. The low emissivity and lack of polarization suggest a regolith composition
where iron is in the form of metallic grains and constitutes ~25% of the surface composition.

Thermal inertia
103

03:14:24 ®
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Left: images of one rotational/orbital phase of the asteroid Kalliope and its moon Linus at 1.3mm with ALMA
at 30 km (25 mas) resolution, with units of arcsec (upper) and km (lower). Right: derived physical surface
quantities for the regolith in a full surface projection (de Kleer et al. 2024, arXiv:2409:12364).

The VLA and IRAM telescopes have been used to study the centimeter and millimeter brightness
distribution across Saturn’s synchronous moon lapetus. In the optical, lapetus has the most
dramatic difference of albedo for two hemispheres of any object in the Solar system, with the
albedo on the leading hemisphere (direction of orbit), much lower than on the trailing hemisphere.
This optical albedo difference is thought to be due to an accumulation of dark material on the
leading hemisphere, while the trailing hemisphere remains mostly icy and bright. The centimeter
and millimeter observations are sensitive to thermal emission from the subsurface, but they also
show a major difference between leading and trailing hemispheres in radio emissivity, or

16



brightness temperature. The results imply complex variations in structure and/or composition with
depth on the leading side, while the trailing side emissivity is low at all observed frequencies,
indicating efficient scattering processes on subsurface structures, as observed on Saturn’s other
icy moons. These radio observations also involve Saturn’s retrograde moon Phoebe. lapetus’
prograde orbit is within the inner edge of the large but faint outermost ‘Phoebe ring’ around Saturn,
thought to be formed by material ejected by meteoric impacts on the surface of Phoebe. The radio
observations show a high radio emissivity for the surface material of Phoebe, similar to the leading
side of lapetus, supporting the theory that Phoebe is the source of the optically dark material
accumulated on the leading hemisphere of lapetus.
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Top: optical image of Saturn’s synchronous moon lapetus indicating the measurement regions of radio
brightness temperature. Bottom: the brightness temperature spectrum in these regions (Bonnefoy et al.
2024, Icarus 411, 115950), showing the large difference in radio emissivity of the leading (red) vs trailing
(blue) hemispheres.
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Magnetic activity on M-dwarf stars has become topical in the search for life in other planetary
systems, since many M-dwarfs host potentially habitable planets, but strong stellar storms may
inhibit development of life. The VLA and ALMA have observed the nearby (2.7 pc) binary M-dwarf
system BL and UV Ceti, from 1 GHz to 100 GHz. The stars have similar masses, spectral types,
and rapid rotation rates, but UV Ceti has much stronger magnetic activity, showing radio flares
similar to Solar coronal flares, auroral-like emission analogous to planetary magnetospheres, and
slowly varying persistent emission. These phenomena suggest both small-scale field
reconnection activity, and larger scale auroral currents in a global magnetic field. The persistent
emission mechanism may parallel that seen for gyrosynchrotron emission from Jupiter’s radiation
belts, corresponding to electrons trapped in a large scale radiation belt associated with the star.
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VLA light curves for UV Ceti on two days. Stokes | is shown with filled circles and Stokes V with open
diamonds (Plant et al. 2024, 2406.17280). Flaring, time varying, and persistent emission can be seen.

The sun sets on the Very Large Array in New Mexico. Photo by Jeff Hellerman (US NSF / AUI / NSF NRAO,).
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Star and Planet Formation and Evolution, and the Search for Life

Most models of planet formation entail growth from accretion from small pebbles to rocks to
planetesimals in a dusty disk. But the possibility exists for planets to form from large collapsing
clouds in a disk with spiral arms, if the disk is more than 10% the stellar mass and gravitationally
unstable to non-Keplerian dynamics. ALMA observations of the CO emission from the disk around
the Class Il protostar and disk, AB Aurigae (2.4 Mo and 3.5 Myr old), shows such an unstable
spiral disk of gas and dust, with a disk to stellar mass ratio of about 1/3. This unstable gas disk
suggests that there may be multiple channels toward planet formation in protoplanetary disks,
including direct collapse of a massive gas fragment.
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ALMA and VLT images of the gas and dust in the protoplanetary disk around AB Aurigea, showing
dynamical evidence for a massive disk and spiral structure that may enhance monolithic massive planet
formation (Speedie et al. 2024 Nature 633, 58). The CO column density, mean velocity, and velocity
dispersion are shown.
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Complex molecular chemistry, including large organic molecules, has become a key field in
astronomy, on the path toward understanding the development of life in the Universe. One
challenge for such studies is accurate knowledge of rest frame frequencies of transitions from
these molecules. The GBT has been used, in concert with high resolution (2 kHz) laboratory
measurements, to obtain an accurate spectrum of propynal (HCCCHO) emission from the well-
studied molecular cloud, TMC-1. These measurements also provide a greatly improved
knowledge of the rest frequencies of the complex spectrum of propynal. The new data imply a
propynal column density of 7x10'? cm™, five times higher than previous studies, with a surprisingly
low excitation temperature of 3 K. The results highlight the synergy between laboratory and
astronomical chemistry and emphasize that accurate spectral catalogs are essential to the
success of modern astronomical facilities. This will only become more important as the next
generation of facilities come online.
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GBT spectra of propynal (HCCCHO) emission transitions from TMC-1 (black trace), plus model fitting based
on new laboratory measurements combined with the GBT spectra (Remijian et al. 2024 arXiv:2409.16435).
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Observations occur at high altitude with ALMA under glow of the night sky.
Photo by Bettymaya Foott (US NSF /AUI/ NSF NRAO,).
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The Protostellar Outflows at the EarliesT Stages (POETS) large program at the VLBA is designed
to understand the enigmatic mechanisms behind jet launching from forming massive stars via
measurements of water maser proper motions in a sample of 37 young stellar objects. A detailed
study of the YSO 21078+5211 shows a maser 3D velocity field consistent with a
magnetohydrodynamic (MHD) model of a wind created in an accretion disk associated with the
forming star, with the jet launch radius of about 10 au. The jet both collimates and accelerates to
60 km/s out to 50 au. At 100 au distance, the masers trace a slower shock front possibly driven
by magnetic pressure.
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The VLA, ALMA, and the JWST have teamed-up for an in-depth study of star formation in the
luminous infrared Seyfert galaxy NGC 7469, at a resolution of ~100 pc, in the starburst ring that
dominates star formation in this AGN host galaxy. Observations include 1.2 mm dust continuum,
CO2-1 line, VLA 22 GHz continuum, and starlight and polycyclic aromatic hydrocarbon (PAH)
emission with the JWST. A star formation rate of 11.5 Mo/yr and molecular gas mass of 6.4x10°
Mo are derived. The star formation distribution along the ring is traced closely by the 22 GHz, 1.3
mm, and 7.7 um PAH emission. The gas mass to star formation rate relationship in NGC 7469 is
found to be intermediate between starburst galaxies and galaxies hosting an active nucleus.
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Left: VLA 22 GHz continuum (color and white contours) plus ALMA 1.3mm continuum contours (black) of
the IR-luminous Seyfert galaxy NGC 7469. Right: JWST F770W image, with same black ALMA contours
(Zanchettin et al. 2024, arXiv:2406.07901).
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Galaxies and Galaxy Formation

The most distant known radio blazar has been discovered in the VLASS, J0410-0139 at z = 7.
Broadband VLA radio observations show that this source is a highly time variable, GHz-peaked
spectrum radio AGN, characteristic of blazars, a conclusion supported by X-ray observations.
ALMA and the Northern Extended Millimeter Array (NOEMA) observations of the [CII] 158 m
emission provide a very accurate redshift of 6.9964, and a star formation rate of 50 Mo yr'. The
[ClI] dynamics imply a host galaxy mass of 4.6x10° M.. The black hole mass to host galaxy mass
ratio is 0.16, which is larger than is seen for the relationship in nearby galaxies, suggesting earlier
growth of the supermassive black hole relative to the host galaxy.
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Left: ALMA and NOEMA observations of the [CII] 158 1m emission and mm continuum from the most distant
known radio Blazar at z = 7, identified in the VLASS. Right: the radio spectrum and time variability verifying
the blazar nature of the source (Banados et al. 2024, arXiv:2408.12299), including variability and a GHz-
peaked spectrum.

The [ClI] Resolved ISm in STar-forming galaxies with ALMA (CRISTAL) large program with ALMA
observed the gas ([ClI]), dust, and stellar distribution (with Hubble Space Telescope, or HST), in
a sample of z = 4 to 6 galaxies. The derived gas distributions range in size from 0.5 to 3.5 kpc,
with an average value of 1.9 kpc, and the gas appears to be more extended than the dust emission
and the stars by factors of 2.9 and 1.5, respectively. The [CIl] emission can be explained by
photodissociation regions driven by star formation, plus a possible contribution from more diffuse
neutral atomic gas. The effect of mergers further inflates the [C II] spatial distributions.
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ALMA [CII] 158/1m observations of z = 4 to 6 galaxies in the CRISTAL large program (contours), with the
HST images (lkeda et al. 2024, arXiv:2408.03374).

A gravitationally lensed z = 8.3 galaxy was observed with ALMA and the JWST, resolving the
three primary star forming regions in the galaxy on sub-kiloparsec scales, in a possibly merging
galaxy system. This gas-rich galaxy shows comparable star formation efficiency to cosmic noon
galaxies (z ~ 2), and the emission line ratios of the galaxy indicate an evolved interstellar medium,
again similar to z ~ 2 star-forming galaxies, with possible evidence for ionization from an active
galactic nucleus. Comparison of the thermal dust emission with the rest frame UV and optical
emission, shows major dust obscuration of the dominant star forming regions, such that the UV
only reveals a trace amount of the star formation activity in the galaxy. The dust temperature is
high, 60 K, likely resulting from very active star formation, with a possible dust heating contribution
from a narrow line AGN.

23



—24°05'35.0" T |_ T i; T | i l | g | |_|_
35.2" —
z ]
g -
O 356 o=l
35.8" . —
~24°05'35.0"
35.2"
g 354
2]
v
(]
)

35.6"

35.8"

F115W =, F150W F277W
4"16™09.44°  09.42° 09.40° 09.38° 4"16M09.44°  09.42° 09.40° 09.:
RA (hms) RA (hms)

Images of the z = 8.3 lensed galaxy MACS0416-Y1: (a) ALMA 353 GHz dust continuum emission; (b) JWST
near-IR F277W image with the three stellar components of the galaxy labeled, with ALMA contours; (c)
JWST RGB image of rest-frame UV; (d) JWST rest frame optical image (Harshan et al. arXiv:2408.12310).

The VLASS, VLA Low-band lonosphere and Transient Experiment (VLITE), and ALMA, working
with the JWST and other telescopes, have identified the highest redshift, heavily obscured, radio-
loud (RL) active galactic nucleus (AGN) to date at z = 7.7 in the Cosmic Evolution Survey
(COSMOS) field. The AGN is seen only at radio through (possibly) mid-IR wavelengths, implying
extreme obscuration, with Ny > 10** cm™. A massive stellar host galaxy is seen, with a stellar
mass of ~ 10'>M.. The AGN bolometric luminosity for the growing supermassive black hole is of
order 10* erg/s. This source represents the farthest-known highly obscured radio loud AGN.
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Images of the z = 7.7 AGN galaxy with the JWST, ALMA, and the VLA, and the UV to meter wavelength
spectrum. This is the most distant radio loud AGN identified to date (Lambrides et al. 2024, ApJL 961, L25).
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Perhaps the most exciting result from the JWST has been the robust detection of galaxies well
into the epoch of reionization, at z = 10 to 15, corresponding to the very first generation of star
formation in the Universe, within a few hundred Myr of the Big Bang. ALMA provides crucial follow-
up observations, through the study of the interstellar medium in these first galaxies, with
observations of the rest-frame far infrared fine structure lines. The new record holder for the most
distant ALMA galaxy detection is [Olll]] 88[1m line emission from JADES-GS-z14-0. The ALMA
detection yields a spectroscopic redshift of z = 14.1793110.0007, improving the precision on the
JWST redshift by a factor of 180! The star forming galaxy is at the lower end the local L[Olll]ss —
star formation rate relation. No dust continuum emission from GS-z14 is detected, implying an
upper limit on the dust-to-stellar mass ratio of 0.002, consistent with dust production from
supernovae. GS-z14 is surprisingly metal-enriched (Z ~ 0.05 — 0.2Z,). The detection of a bright
oxygen line in GS-z14 thus reinforces the notion that galaxies in the early Universe undergo rapid
evolution and InterStellar Medium (ISM) enrichment through active star formation, just 300 Myr

after the Big Bang.
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The ALMA [Olll] 881 1m detection of a z = 14.18 galaxy. Left shows the [Olll] contours on the JWST near-
IR image. Right shows the ALMA spectrum (Schouwn et al. 2024 arXiv:2409.20549).

The Moon rises behind an ALMA antenna. Photo by Pablo Carrillo (ALMA).
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NORTH AMERICAN ALMA OPERATIONS

North American ALMA Operations (NA ALMA Ops) provides North America’s scientific and
technical partnership support to the international ALMA Observatory, and supports the North
American community in their use of ALMA. NA ALMA Ops ensures that the North American
scientific community has the tools, information, support, and access to make optimal scientific
use of ALMA. It also provides scientific, technical, and business support to ALMA Observatory
operations in Chile in concert with the Joint ALMA Observatory (JAO) staff and international
partners, and supports a long-term development program for the technical enhancement of
ALMA.

NA ALMA Ops consists of four divisions: (1) the North American ALMA Science Center (NAASC);
(2) the Offsite Technical Maintenance and Support group, including Construction Warranty
support; (3) the NA ALMA Development Program; and (4) the NRAO/AUI Office of Chilean Affairs
(OCA).

In FY2024, NA ALMA Ops focused on the following high-level initiatives:

e Continue to provide outstanding support for JAO Operations and NA scientific
community use of ALMA;

e Support the JAO and the NA scientific community with the Cycle 11 Call for Proposals

e Carry out a vigorous program of outreach to the NA Community, including supporting the
general astronomy community in their use of ALMA, facilitating scientific productivity, and
expanding the user base;

e Support the ALMA-wide implementation of the Development Roadmap Wideband
Sensitivity Upgrade (WSU), including key NA deliverables—the ATAC Second-Generation
Correlator System, Band 6v2, the NA collaboration in the Digital Transmission System,
and submission of the Operations Support Facility (OSF) Correlator Room Upgrade for
approval by the ALMA Board;

e Carry out an obsolescence mitigation program for NA-responsible instrumentation and
infrastructure at ALMA; and

e Enhance and expand Promovamos Vocaciones Cientificas (PROVOCA) the successful
mentoring program that promotes greater participation and retention of girls and women
in Science, Technology, Engineering, and Mathematics (STEM) careers, including
programs for students and mentors.

The sections below highlight the deliverables that realized these high-level initiatives of NA ALMA
Operations.

The North American ALMA Science Center (NAASC)

ALMA User Support

The ALMA User Support group provides core support for the North American ALMA user
community, and its members also provide support for Community Program initiatives such as the
ALMA Ambassadors. The User Support Group supports the face-to-face visitor program; it is also
responsible for the in-depth validation and analysis of existing or proposed user tools, research
in support of requirements definition for the ALMA calibration and imaging pipeline, routine testing
and requirements definition for these user tools, and the coordination of NRAO-wide CASA
testing. The group is responsible for the calibration, imaging, and delivery of Pl science data to

Star trails surround the south celestial pole behind an ALMA antenna (Photo by Pablo Carrillo, ALMA).
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the community and contributing to ALMA archive improvements and deployment testing. In
FY2024, the ALMA User Support group performed its core services and planned initiatives,
fulfilling its interface role with North American ALMA users.

User Documentation: ALMA end user documentation preparation is an annual task in which the
NAASC takes a leading role supporting the JAO. The documentation preparation and review
includes the upcoming Call for Proposals, Proposer’s Guide, ALMA Primer, ALMA Technical
Handbook, Guide to the NA ARC, software user guides (including CASA Guides) and additional
documentation on how to access NAASC services. The team participates in the international
ALMA working groups to prepare these documents for the user community. In FY2024, NAASC
staff again took a lead role in the preparation of the Cycle 11 Call for Proposals and user
documentation, including all updates and edits to the ALMA Science Portal. As in Cycles 9 and
10, the Cycle 11 proposal process included dual anonymous and Distributed Peer Review (DPR).
The NAASC provided clear instructions to proposers on the impact of DPR and dual-anonymous
review on proposal construction and processing.

Face-to-face Visitor and Helpdesk Support: The NAASC provides overall management of
ALMA Helpdesk activities including routine ticket reviews, enforcement of ticket service-level
agreements, and formulation of new Knowledgebase articles based on user questions. Face-to-
face (f2f) support includes hosting one to two data processing teams from NA institutions per
week at the NA ALMA Regional Center (ARC) in Charlottesville, VA or at the National Research
Council (NRC) in Victoria, British Columbia. The visiting teams work with the NAASC Data
Analysts and NAASC or NRC scientific support staff on various aspects of data processing and
image analysis. F2F visitors can also get support with proposal preparation and support for Large
Programs. In FY2024, the NAASC continued to offer both in-person and virtual f2f visits and
support. In addition, in Q1 of FY2024 the NAASC hosted a “data reduction party” workshop to
support and train up to 10 users in techniques of data combination— the first such event since
before the pandemic.

ALMA Pipeline Development and CASA Testing: ALMA Calibration and Imaging Pipeline
testing and development continued in FY2024 with the deployment of a new Cycle 11 2024 ALMA
calibration and imaging pipeline which included the following features:

e Calibration of Band-to-Band and Bandwidth switching data;

¢ Research on more sophisticated product mitigation methods to improve performance and
increase the number of delivered products without compromising science content;

e New Quality Assurance (QA) heuristics and modifications to QA continuing towards the
goal of future automated weblog review; and

¢ Pipeline-facilitated self-calibration for appropriate ALMA data.

The first three points above are all prerequisites to efficient processing of data from the ALMA
Wideband Sensitivity Upgrade (WSU).

CASA development and testing for FY2024 focused on:

e Testing to support current CASA and Pipeline in operations including:
o Validating bug fixes for ALMA related issues; and
o Developing additional stakeholder tests.
e Research and development work needed to support processing data from the ALMA
WSU.
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Pipeline and CASA also continued contributing to the ALMA-wide planning for processing data
from the ALMA WSU.

Data Processing Workflow/Lustre Access: A main objective of the Data Processing Workflow
is to deliver fully calibrated data and representative images of ALMA science data. The target for
data delivery to Pls after it is marked as fully observed is 30 days for data reduced by the ALMA
Pipeline, and 45 days for manually reduced data. In FY2024, NAASC staff continued to work
closely with the JAO teams to deliver 30—-35 datasets per week to the NA ALMA user community.
This rate maintained pace with data acquisition to prevent a data processing backlog. The NAASC
continued to coordinate and manage the calibration, imaging, and delivery of Pl data products
through the ALMA Archive and the Labor-saving Added Value Automation (LAVA) service, which
provides North American Pls access to calibrated Measurement Sets (MS), as well as value-
added data products generated by the ALMA Data Mining Toolkit (ADMIT). The team provided
summary reports on data processing and delivery as needed and projections of anticipated
workload on a quarterly basis.

NA ALMA Telescope Interface and Diagnostics Team

The Telescope Interface and Diagnostics group is the NAASC technical liaison to the JAO.
Communication and interaction between the ARCs and the JAO via this group is of critical
importance to ALMA project success. The ALMA Telescope Interface and Diagnostics group was
responsible for the activities described below in FY2024.

Phase 2 Group (P2G): NAASC P2G staff provide the technical expertise to review and set up
Phase 2 materials (Scheduling Blocks, or SB) submitted by NA Pls for an observing cycle. This
includes modifying SBs that require expert technical input, coordinating with the JAO to request
calibrator searches, and ensuring that all SBs are ready to run on the telescope. During a cycle,
the NAASC staff also provide any SB changes required following an approved change request or
other edits requested by the Pl or as needed for scheduling, and also support new programs
approved mid-cycle, including Director’s Discretionary Time (DDT), Targets of Opportunity (ToO),
supplementary calls, and Observatory-type projects. In preparation for an upcoming cycle,
NAASC staff participate in software testing of the ALMA Observing Tool (OT) and relevant end-
to-end tests, as well as software such as the Project Tracker; and closely coordinate with the JAO,
other ARCs, and OT working group on developing P2G best practices at the annual P2G face-to-
face meeting. In FY2024, the P2G group performed these core services.

Contact Scientists: NAASC staff provide oversight and support for all the approved NA ALMA
PI programs for an observing cycle. This includes ensuring Pls have reviewed (and, if necessary,
approved) their projects for scheduling prior to the start of a cycle, and, if needed, providing
communication between Pls and the JAO during a cycle. NAASC staff also provide oversight of
the status of Pl SBs and, if needed, coordinate with the JAO on scheduling issues. Throughout
FY2024, NAASC staff continued to act as Contact Scientists (CS) and liaisons to the NA ALMA
Pl observing programs in support of Cycle 10 observations and in preparation for Cycle 11
observations.

Telescope Diagnostics: In FY2024, the NAASC continued to play a critical role in the JAO
technical and diagnostics-related meetings and teleconferences, such as the Control System and
Correlator Group weekly meetings and software readiness review meetings. The NAASC also
continued to coordinate with the JAO on troubleshooting issues and problems found with the
telescope systems or in data collection and analysis. NAASC staff continued to maintain a close
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interaction between data processing and the telescope diagnostics teams at the JAO to ensure
all problems are reported and tracked efficiently.

Extension and Optimization of Capabilities (EOC): Although the scale of EOC was dialed back
to focus effort on preparing for the Wideband Sensitivity Upgrade, NAASC staff continued to
contribute to EOC activities in FY2024, including participating in the Go/No-Go for 7-m
subarraying on the baseline correlator and serving as reviewers for testing and verification plans
for Band 1.

NA ARC Data Analyst Group

The NA Data Analysts are integrated into NA ALMA Operations and are critical to user and
telescope support. The Data Analyst group continued to support the following activities in FY2024:

¢ Data services, including the Data Processing Workflow, NA data processing, and weblog
review (pipeline and manual); calibration survey data processing; QA3 execution and
documentation.

e CASA Guides, in-person Vvisitors, data processing workshops, Synthesis Imaging
Workshop (SIW) documentation and demonstrations, ALMA Ambassador training,
community outreach events, and the ALMA Helpdesk.

e ALMA scientific software including involvement in ALMA Pipeline and CASA software
testing, CASA documentation, diagnostics investigations, Science Portal maintenance,
and generating meeting webpages.

Community Outreach

In FY2024, the NAASC continued to design and execute a portfolio of initiatives engaging the
astronomy community at large, coordinated by the Community Programs team (hereafter CP
team). The portfolio addressed three overarching goals: supporting the general astronomy
community in their use of ALMA,; facilitating scientific productivity; and expanding the user base.
In FY2024, the CP team also focused on two strategic areas: developing awareness of scientific
cases which would specifically benefit from the WSU, and facilitating archival data use.

The CP team continued to produce the flagship program ALMA Ambassadors based on the
successful model established in previous years. This program effectively addressed all three key
goals, by supporting early career community members and expanding the user base by raising
awareness of ALMA’s data and observations across the community. In FY2024, the NAASC
recruited (Q1), trained (Q2, Q4) and supported the Cycle 11 cohort of 11 early career researchers
to conduct workshops at their own institutions. The content of the ambassador-led workshops
were either focused on ALMA Cycle 11 proposal preparation (for six Q3 events) and/or ALMA
data reduction and analysis for Pl and archival users (for seven Q4 / Q1 FY2025 events). Training
of the cohort continued to be structured around two multi-day visits to the NAASC. Ambassadors
also participate in the review of alma archival SOS proposals, for which they receive focused
training in serving on review panels. The Cycle 12 cohort was recruited in Q4, two of whom
already participated in training in Q4.

The CP team continued to carry out the community workshop and meeting support program in
FY2024. This program offers the opportunity for the NAASC to reach out to new and diverse
audiences which may not be currently strongly engaged with ALMA, addressing two of the key
goals— supporting the community and expanding the user base. A change from previous years
was that support to established teams for completing their ALMA data analysis (typically through
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invitation-only workshops for large-program teams) was awarded separately, which allowed this
program to focus on broadening the ALMA user community. In addition, the visibility of the NAASC
at sponsored events was reinforced with dedicated materials and/or presentations. After a call for
proposals in Q4 FY2023, five awards were announced in Q4 FY2023 for events held throughout
FY2024. Amongst the award recipients, the “Cool Stars” meeting, held in San Diego and gathering
more than 500 attendees, was specifically selected to reinforce the connection to the stellar
community. Another of these events was a workshop hosted at NRAO headquarters, “Spatio-
spectral modeling of ALMA data cubes,” which allowed for strong interaction between NAASC
staff and around 30 attendees. The FY2025 call was issued in Q4.

AL Ambassadors meet to discss workshop planing in Carlottes/le, Feba

The CP team produced or participated in an increased number of scientific events, designed to
both support current users and expand the user base by disseminating information about
opportunities:

e Coordinated presence at the AAS Winter meeting in January 2024, in close partnership
with the Communications office and EPO. Such presence took the form of an ALMA
special session: “ALMA as a high-z powerhouse: the impact of the Wideband Sensitivity
Upgrade,” which gathered 50 attendees; a polarization data clinic at the NRAO booth, an
exhibit hall presentation on the WSU, and the distribution of new printed materials;

e A poster presentation on the impact of the WSU for kinematic studies at the “Winds in the
Universe” workshop in Annapolis (October 2023);

e Coordinated presence at the International Symposium of Space Terahertz Technology in
Charlottesville (April 2024), with several presentations on the WSU (invited talks,
contributed talks and posters); and

¢ An oral presentation on the impact of the WSU on stellar environment studies at the “Radio
Stars in the Era of New Observatories” workshop (April 2024).
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The CP team put in place two new initiatives in FY2024, centered around the key goal of
facilitating scientific productivity:

o Documentation and information enhancement: materials were designed and produced,
such as text, figures, leaflets, posters, and webpages. Printed versions were distributed
at community-wide events (AAS), NAASC-sponsored events, and other scientific
meetings. Several materials highlighted the relatively new support services available to
archive users— specifically, reprocessing and re-imaging through ALMA User-Defined
Imaging (AUDI).

e Data interpretation tools: the CP team gathered information about existing data
interpretation tools and scripts maintained in the community (worldwide). Such tools can
provide very valuable information and examples, especially for early career researchers
and users new to submillimeter observations, on how to translate archival SRDPs into
quantitative measurements of source properties. The CP team published a list of such
tools on the NAASC webpage, which continues to be updated

Development

The North American ALMA Development Program supports Studies and Projects from NA-led
(U.S. and Canada) initiatives to keep ALMA at the forefront of scientific discovery based on the
ALMA-wide priorities set in the ALMA Development Roadmap. ALMA and hence the NA ALMA
Development Program is presently focused on the highest near-term priority of the Roadmap that
has come to be known as the Wideband Sensitivity Upgrade (WSU).

The WSU aims to expand ALMA’s digitized bandwidth by up to a factor of four, increase the
correlated bandwidth by at least a factor of two (with future expansion path to 4x larger
bandwidth), and to deploy the first wideband receivers (IF 3x to 4x wider than current 2SB
receivers) by 2030. The resulting efficiency gains from the digital improvements alone are
equivalent to affording an order of 1000 more hours of 12m-array ALMA observing time per year.
The increased bandwidth will improve continuum sensitivity by at least sqrt(2), as well as the
observing efficiency of spectral scans. Indeed, spectral line studies will never again need to trade
bandwidth for the requisite spectral resolution. The increased spectral grasp of the new
correlator— total spectral bandwidth, channelization, and flexible bandpass tuning— will allow
some projects to save many factors of observing time (up to 64x) through simultaneous
observation of lines of interest, not possible before. See ALMA memo 621
(https://library.nrao.edu/public/memos/alma/main/memo621.pdf) for a detailed summary of the
science gains that will be afforded by the WSU.

The WSU has made significant progress in FY2024, including the start of nearly all the requisite
hardware and infrastructure projects, updates to ALMA Science and Technical System
Requirements and non-functional requirements for the WSU, as well as successful completion of
both individual subsystem and WSU System Preliminary Design Reviews.

NA ALMA Development efforts during FY2024 are described in the subsequent sections; efforts
related to the WSU are prepended with “WSU.”
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Studies Completed in FY2024

WSU: Investigate Use of Next Generation FPGA Technology in the 2" Generation ALMA
Correlator (NRC): This Study investigated the use of the next-generation Field Programmable
Gate Array (FPGA) technology from Intel called the Agilex-M Series for the signal processing
stages of the ALMA WSU 2nd Generation ALMA Correlator known as the Advanced Technology
ALMA Correlator (ATAC). This study verified that this technology, as well as 400 GbE Switches,
are well-suited to be the signal processing and communications platforms for ATAC and was used
to inform the formal down-selection for the successful ATAC Preliminary Design Review in June

2024 (Q3 FY2024). The Study report can be found here:
https://science.nrao.edu/facilities/alma/science sustainability/copy of 2024 07 15 ATAC Memo009 ng
FPGA Study Report Signed SH MP_BC.pdf

WSU: Wideband Isolators for Submillimeter Astronomy (Submillimeter Receiver Lab at the
Center for Astrophysics | Harvard and Smithsonian): This Study designed and produce improved
wideband 4-20 GHz cryogenic edge-mode isolators for use in the NRAO Band 6v2 receiver
prototype baseline design. A wideband isolator is required to ensure a good match between the
SIS mixer and the cryogenic low noise amplifier over wide bandwidths. The three main goals of
this study were met: (1) to optimize the bandwidth coverage; (2) to increase the isolation to the
upper end of the frequency band; and (3) to reduce the physical dimensions and thermal mass of
the isolators, paving the way for a successful implementation in the Band6v2 project. The Study
report can be found here:

https://science.nrao.edu/facilities/alma/science_sustainability/Zeng_lsolators Closeout report ver2.pdf

WSU: A Detailed Characterization of Spectral Regridding and Noise in the WSU Era
(Harvard-Smithsonian Center for Astrophysics): The interpolation associated with spectral
regridding during imaging can have significant and problematic consequences for the noise
properties and signal behavior in the output (regridded) image channels. While the future WSU
correlator design has the notable scientific benefit of sampling data in effectively uncorrelated
channels, it is also the worst-case scenario for the noise scalloping issue (roughly 2x worse than
the current situation, and present in every dataset). This study investigated a promising alternative
interpolation algorithm to help mitigate the existing spectral regridding problems and developed
a functioning prototype that could be incorporated into CASA. The Study report can be found
here:

https://science.nrao.edu/facilities/alma/science sustainability/ALMA Development regridding.pdf

1 Since this Study began, the 2™ Generation ALMA Correlator project has been renamed from
the ALMA TALON Central Signal Processor (AT.CSP) to the Advanced Technology ALMA
Telescope (ATAC).

34


https://usc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en-US&rs=en-US&wopisrc=https%3A%2F%2Fnrao.sharepoint.com%2Fsites%2Fdo%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fb0c07f6ffbc34741ad6c029a29ede1e2&wdlor=c43D03111-204F-A841-AFDD-D2BBE04CE851&wdenableroaming=1&mscc=1&hid=B69EC4AB-89AE-47AC-9083-CCBECAC67EA7.0&uih=sharepointcom&wdlcid=en-US&jsapi=1&jsapiver=v2&corrid=de009a11-930c-5ba7-08f1-c076facbd31b&usid=de009a11-930c-5ba7-08f1-c076facbd31b&newsession=1&sftc=1&uihit=docaspx&muv=1&cac=1&sams=1&mtf=1&sfp=1&sdp=1&hch=1&hwfh=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fnrao.sharepoint.com%22%2C%22pmshare%22%3Atrue%7D&ctp=LeastProtected&rct=Normal&wdorigin=Sharing.ServerTransfer&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush#_ftn1
https://science.nrao.edu/facilities/alma/science_sustainability/copy_of_2024_07_15_ATAC_Memo009_ngFPGA_Study_Report_Signed_SH_MP_BC.pdf
https://science.nrao.edu/facilities/alma/science_sustainability/copy_of_2024_07_15_ATAC_Memo009_ngFPGA_Study_Report_Signed_SH_MP_BC.pdf
https://science.nrao.edu/facilities/alma/science_sustainability/Zeng_Isolators_Closeout_report_ver2.pdf
https://science.nrao.edu/facilities/alma/science_sustainability/ALMA_Development_regridding.pdf
https://usc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en-US&rs=en-US&wopisrc=https%3A%2F%2Fnrao.sharepoint.com%2Fsites%2Fdo%2F_vti_bin%2Fwopi.ashx%2Ffiles%2Fb0c07f6ffbc34741ad6c029a29ede1e2&wdlor=c43D03111-204F-A841-AFDD-D2BBE04CE851&wdenableroaming=1&mscc=1&hid=B69EC4AB-89AE-47AC-9083-CCBECAC67EA7.0&uih=sharepointcom&wdlcid=en-US&jsapi=1&jsapiver=v2&corrid=de009a11-930c-5ba7-08f1-c076facbd31b&usid=de009a11-930c-5ba7-08f1-c076facbd31b&newsession=1&sftc=1&uihit=docaspx&muv=1&cac=1&sams=1&mtf=1&sfp=1&sdp=1&hch=1&hwfh=1&dchat=1&sc=%7B%22pmo%22%3A%22https%3A%2F%2Fnrao.sharepoint.com%22%2C%22pmshare%22%3Atrue%7D&ctp=LeastProtected&rct=Normal&wdorigin=Sharing.ServerTransfer&instantedit=1&wopicomplete=1&wdredirectionreason=Unified_SingleFlush#_ftnref1

Projects Completed in FY2024

ALMA Phasing System Phase 2 (APP2) (MIT Haystack Observatory): APP2 includes several
initiatives to improve ALMA VLBI capabilities and performance. Major components included:

o Enabling a prototype spectral line VLBI mode;

e Extending the frequency range of phasing capabilities to Bands 1 (~7mm) and 7
(~0.87mm);

¢ Implementation of a passive phasing mode to allow for the observation of weaker science
targets;

e Expansion of the ALMA Phasing system to allow for pulsar observations; and

¢ Improved delay calibration to enable better phasing efficiency.

Although completion of all these goals took a few years longer than anticipated (the pandemic
and ALMA cybersecurity as well as weather all played a role) this project has significantly
improved ALMA’s phasing capabilities. The final Project report can be found here.

Enabling New VLBI Science with the ALMA Phasing System — Phase 3 (APP3) (MIT Haystack
Observatory): The APP3 small project has further expanded and improved the VLBI/phasing
spectral line capabilities to include Bands, 1, 3, 6, and 7 and even explored Band 9. The team also
assisted with the replacement of the ALMA Hydrogen maser in Q1 FY2024 (see news story). A key
aspect of this project was to facilitate knowledge transfer between the project team and ALMA
Science Operations so that Phased Array observations can become more routine in the future. The
final Project report can be found here.

Ongoing Development Studies and Projects
Studies and projects that are directly related to the WSU are indicated at the beginning of the title.

Ongoing Studies:

WSU: Wideband InP and GaAs Intermediate-Frequency Low Noise Amplifiers (LNA) (NRC):
This study will apply NRC’s transistor and Monolithic Millimeter-wave Integrated Circuits (MMIC)
technologies to the development of a cryogenic, wideband, intermediate frequency LNA with a
target operating bandwidth of 4-20 GHz. Two technologies will be assessed: (1) NRC’s designs
using Gallium Arsenide (GaAs) mMHEMT technology, and (2) NRC’s Indium Phosphide (InP) LNA
technology. Performance of the two material technologies will be compared and their potential to
meet future ALMA IF LNA requirements assessed.

Status: This Study received a No Cost Extension to the end of 2024 (Q1 FY2025) due to an
unexpected expert staffing shortage. Fabrication of devices has completed and testing is
underway.

Ongoing NA Led Projects

WSU: Advanced Technology ALMA Correlator (ATAC) (NRC/NRAO): The 2" Generation
ALMA Correlator (ATAC) will double the correlated bandwidth of ALMA, while providing vastly
more channels, increased digital efficiency and flexibility in science spectral window placement.
The ATAC is a collaboration between the NRC (hardware and firmware) and the NRAO (software
and integration). The WSU ALMA correlator will handle data from both the 12 m and 7 m arrays
and forms an essential cornerstone of the WSU. Its design can be readily upgraded in the future
to quadruple the current bandwidth. Additional information about the software aspect of this
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project can be found in the Software Section 7. ATAC successfully passed its Subsystem
Requirements and Preliminary Design Reviews in June 2024 (Q3 FY2024).

Status: ATAC is progressing the critical design with prototyping and integration testing toward a
Critical Design Review in Q4 FY2025. A scaled version of ATAC will be deployed in the Integrated
Digital Test Facility at the CDL in Q1 FY2025. Additionally, the ATAC Team is working with
commercial vendors Bittware and CoollT to develop a liquid-cooled version of the ATAC signal
processing server called a TeraBox for efficient cooling at 2,900 m elevation.

WSU: ALMA Band 6v2 Receiver Upgrade — Phase 1 (NRAO): This project is designing and
testing a production-ready 2" Generation Band 6 receiver. Version 2 of Band 6 will at least triple
the IF bandwidth of ALMA’s most used receiver band, significantly improving its noise
performance across the full IF. In conjunction with the Wideband ALMA 2030 Upgrade, Band 6
continuum sensitivity will be improved by at least a factor of two and extend the radio frequency
tuning range from 211-276 GHz to 209-281 GHz allowing access to diagnostic spectral line
combinations that are currently impossible. This Phase 1 project will culminate in a Critical Design
Review, after which ALMA will pursue a Phase 2 project for production. Additional information on
the Band 6v2 project is provided under CDL (Section 5) and PMD (Section 8).

Status: The Phase 1 Band 6v2 project is undergoing an In-Progress Review in Q1 FY2025, after
which fabrication of the M03 mixer chips will begin (which are expected to provide compliance
with the requisite receiver noise goal) with prototype testing to complete in Q4 FY2025. The next
milestones are to then build a pre-production cartridge which will be tested on-sky in Q1 FY2026,
followed by Critical Design Review in Q2 FY2026.

WSU: OSF Correlator Room — Phase 1 (NRAO): The OSF Correlator Room Project (OCRO) is a
project to upgrade an existing space in the Observatory Support Facility (OSF) at 2,900 m to house
the WSU hardware for the ATAC, receiving end of the Data Transport System (DTS), and the Total
Power GPU Spectrometer, as well as associated computing and IT equipment. The upgrade will
require work on the electrical, fire protection, and HVAC. Phase 1 of this project includes stakeholder
engagement, detailed design, as well as preparation of the contractor bidding material (Engineering,
Procurement, and Construction (EPC) contract) and initial electrical connection work. Phase 1
successfully passed its Preliminary Design Review in June 2024 (Q3 FY2024) and prepared a
proposal for Phase 2 during Q4 FY2024.

Status: The Phase 1 OCRO project will conclude with electrical connection work during the 2025
annual February shutdown (Q2 FY2025). A follow-on Phase 2 OCRO Project, that includes
awarding of the EPC contract, a Critical Design and Manufacturing Readiness Review, and finally
construction and acceptance, will be considered by the ALMA Board in Q1 FY2025 to start early
in Q2 FY2025.

Characterization of New Helium Compressor for Cryogenic System (NRAO): The NRAO will
test a new Sumitomo Variable Speed compressor used in the Front-End receiver cryostat due to
the limitations revealed during extreme cold weather at the Array Operation Site (AOS). Major
aspects include classification of the compressor under field conditions, determination of efficient
cold temperature start-up and optimum speed versus thermal loading and estimates of operational
power and science time savings.
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Status: This project has been delayed by several issues beyond the control of the development
team including the FY2023 ALMA Cyber Security attack (which has introduced new strict off-site
access policies). This small project is scheduled to end in Q1 FY2025.

Ongoing Collaborations with ALMA Partner Projects

WSU: Data Transmission System (DTS) Project — Phase 1(Led by NAOJ): Project to prototype
the WSU Data Transmission System (DTS) that puts the digitized signal onto optical fiber and
reads it off again for delivery to the WSU Correlator. The NRAO is providing engineering design
assistance and integration testing support. This project underwent successful Preliminary Design
Review in October 2024 (Q1 FY2025).

Status: This project, led by NAQJ, is currently in the critical design phase and will seek funding
for the Phase 2 production in FY2025.

ALMA Development Milestone Summary

NA ALMA Offsite Hardware Technical Support

The NRAO NA ALMA offsite hardware maintenance team is comprised of six NRAO support
groups in Charlottesville and Socorro responsible for maintaining various sub-systems, as well as
a support team at NRC-Herzberg (Victoria, BC) which maintains the Band 3 cold cartridge as part
of the NA ALMA partnership. These groups addressed all of the operational activities listed in the
FY2024 Program Operating Plan (POP). The following paragraphs summarize the key operational
activities of the various NRAO groups to support the operations and maintenance of the ALMA
telescope.

Offsite Hardware Support Group Activities

Antenna Group: Preventive and corrective maintenance tasks are a JAO responsibility, in
accordance with the ALMA Operation Plan. The role of the offsite team in this model is to provide
technical support and to serve as the interface with the NA Antenna Vendor (Vertex).

The NA Offsite antenna corrective maintenance related activities included the following:

e In FY2024, the NA Antenna Group continued to provide technical support to the JAO Antenna
Management Group (AMG) during antenna overhaul efforts which are mostly back on track
following the interruption of maintenance operations during the pandemic. NRAO efforts
focused on improving and streamlining preventive maintenance procedures, which led to
hardware upgrades including in the Antenna Servo Cabinet.

e Science commissioning of the Receiver Cabin Wall Heater Systems, which the ALMA JAO
Staff was unable to initiate in FY2024 because of staff scheduling issues, will be continued
into FY2025. During FY2024, the NA Antenna Group did begin development of a procedure
for the Primary Surface Setting for Commissioning of the Receiver Cabin Wall Heater Systems
in conjunction with the JAO AMG Staff. This procedure addresses holographic measurements
and surface resetting efforts necessary to confirm satisfactory wall heater system
performance. The NA Antenna Group will continue to provide technical support to the JAO
AMG Staff during FY2025 as that group commences the execution of science commissioning
of the Receiver Cabin Wall Heater Systems.

e Driven by the need to mitigate the pending obsolescence of two critical antenna components,
the Antenna Controller Unit (ACU) and the Azimuth and Elevation Position Encoders, the
NRAO awarded a contract in Q3 FY2024 to CPI Vertex Antennentechnik GmbH, the original
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equipment manufacturer and integrator for the North American antennas, for the upgrade and
replacement of the existing antenna ACU and Encoder components.

e Hardware and software upgrade development is currently underway with First Article
hardware and software installation, integration, and verification testing to be completed in Q3
FY2025.

e During FY2024, the NA Antenna Group continued to monitor the condition and spare parts
availability for the antenna Hexapod and Hexapod Controller Units as part of ongoing
obsolescence mitigation efforts. Per agreement by the ALMA Management Team (AMT) and
the ALMA Budget Committee (ABC), each Executive is responsible for obsolescence
mitigation for the antennas originally delivered by their region.

e As part of the NA Antenna Group technical support to the JAO Antenna Maintenance Staff,
corrective maintenance activities were reviewed via antenna coordination meetings, ALMA
JIRA tickets, and the ALMA Computerized Maintenance Management System (CMMS).
During FY2024, a total of 401 JIRA corrective maintenance issues were reported for the North
American Antennas,

Front End (FE) and Band 6 Cartridge Group: This offsite hardware support group at the CDL
in Charlottesville is responsible for maintaining the following systems:

e Band 6 Cold Cartridges (including mixer-preamplifier subassemblies, feed-horn,
Orthomode Transducers (OMT), and warm IF amplifiers),
e A majority of FE components including various electronic sub-assemblies such as:
= |F switches,
= Cartridge Bias Modules,
= Gate Valve Drivers,
*  Front-End Monitor & Control (FEMC) units,
* FE Thermal Interlock modules, and several mechanical parts), and
= Software support for the FEMC firmware.

The responsibility of this NA Integrated Engineering Team (IET) group includes maintenance of
CDL test systems including the Band 6 SIS Mixer Test Set (MTS), the Band 6 Cold Cartridge
Assembly (CCA) Test Set (CTS), and test systems for several other FE component and sub-
assemblies for the repair and requalification of components and modules. This NA Integrated
Engineering Team (IET) group is also responsible for the hardware and software support of three
FE Test and Measurement Systems (FETMS)—including noise temperature measurement
apparatus, tilt tables, and beam scanners— two situated at the ALMA Operations Support Facility
(OSF) and one in NA (at CDL), as well as their respective associated test operation and
measurement software suites. Additionally, the FE group provides management support, product
assurance, and executes other administrative activities (e.g., arranging for ALMA-related
export/import with support from the NRAO export/import officer) in Charlottesville.

During FY2024, 25 Front End Line Replaceable Units (LRU) were worked upon (Tier-2 repair),
and 67 lower-level sub-assemblies/modules were serviced (Tier-3 repairs), or new replacements
built. The following is a partial list of significant support tasks undertaken this year:

e A complete four-channel modular FETMS IF Processor was built, and continues to be tested
prior to its delivery to the OSF. This is identical to the modular FETMS IF Processor built for
the NA FE integration center in the past year.

¢ Work continued on the repair and retest of several Band 6 mixer-preamplifiers as well as Band
6 Cold Cartridge Assemblies (CCA).
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e Several broken bias module assemblies were diagnosed, debugged and repairs made to the
circuit boards to restore functionality.

e The FE group started prototype development and conceptual review of a next generation
Front End Monitor and Control (ngFEMC) module. The ngFEMC module will mitigate
obsolescence (previously identified) of some parts required by the existing FEMC design.

e During the onsite support visit to the ALMA OSF in February/March of 2024, a long-standing
communications problem with the existing FEMC module was diagnosed and a firmware
solution was devised.

e During the OSF support visit, several user-requested changes were implemented on the
Front-End Test and Measurement systems which were also qualified for the ESO Band 2
receiver and the associated LO hardware.

¢ The replacement of the Band 6 CTS measurement software was completed in FY2024. New
CTS measurement capabilities required for Band 6v2 development effort were also initiated
and will continue into FY2025.

e The required improvements to the mixer test system (MTS) software for Band 6v2 were
completed. The associated data analysis software for Band 6 mixer and cartridge noise
temperature was also completed.

The FE support group contributed expertise to the WSU Acceptance, Integration, Verification, and
Commissioning (AIVC) workgroup, the WSU Transition to Parallel Operations workgroup, and
participated in impact assessments for various ALMA-wide WSU development projects when
requested.

Front End Local Oscillator (FE LO) Group: This CDL group repairs and maintains the Warm
Cartridge Assembly (WCA) for all receiver bands (including active multiplier chains, power
amplifiers and phase lock modules— this requires microassembly and wire bonding capability—
as well as FE LO cryogenic multipliers which are physically integrated into the CCAs. This group
operates and maintains the necessary bench test sets needed to carry out repair and
requalification of FE LO components and modules, as well as the First LO offset generator
distribution modules.

During FY2024, FELO hardware upkeep was the primary task of this offsite support team. There
was a steady stream of warm cartridges being returned for repairs throughout the year. A total of
20 WCAs were repaired (tier-2 LRU work) and returned to the OSF during this period. Additionally,
85 lower level (tier-3) assemblies were diagnosed, fixed, and returned to the NA spares pool for
effecting future WCA repairs.

Of the repaired WCAs returned to the site, six were Band 7 WCAs containing InP Heterojunction
Bipolar Transistor (HBT) Monolithic Microwave Integrated Circuits (MMIC). These WCAs are in
addition to the first two articles incorporating the HBT MMICs delivered in FY2023 for initial
qualification. While a final and formal conclusion on these devices has not been made, no issues
have been associated with their use in the array. Given that the legacy MMICs used in Band 7
are obsolete and can no longer be manufactured, all Band 7 WCA failures involving this MMIC
are being replaced with the new InP HBT MMIC. To make the task of manufacturing the power
amplifier and active multiplier chain modules (based on the HBT MMIC) easier, revised bias
boards were designed, tested, and improved. Newer iterations will be fabricated for continued use
in FY2025.

Back End (BE) Group: This group in Socorro, NM, is responsible for offsite maintenance of the

BE Antenna Atrticles (AA), including Fiber Optic Wraps (FOW), Data Receiver Articles (DRXA),
and support of some LRUs in the Central LO Article (CLOA). The group is also responsible for
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the maintenance and operation of various test systems, in Socorro and at the OSF, for
requalification and testing of repaired or failed BE modules. Additionally, the BE group provides
management support, product assurance, and other administrative activities (e.g., arranging for
ALMA-related export/import with support from the NRAO export/import officer) at Socorro.

In FY2024, significant LRU level repairs included BE IF processors which were repaired and
returned to the OSF. Significant effort was spent in refactoring and porting the amplitude stability
measurement software (based on an obsolete version of LabVIEW) to a maintainable modern
code. Close coordination continued with the IFP vendor to ensure timely and increased
throughput of the IFP LRUs sent in for repairs, despite their staffing/resource issues and their
change of company ownership.

Spares of commercial power supplies used in the BE racks in the antenna receiver cabin, ordered
in the prior years, were received during FY2024.

The network analyzer and power meters on the NA/Socorro based IFP test stand were calibrated
and swapped with those in the OSF IFP test stand in order to update it and ensure continued
operation at the site. In order to be able to quantify the recently observed LO2 leakage problem
above 10 GHz IF (since the start of use of Band 2 receivers which use an extended IF range
above 10 GHz), corroborative measurements were made after restarting the appropriate test sets
in order to quantify the magnitude and scope of the problem. The test set configuration and
procedures were also conveyed to the OSF staff to assist them with restarting and configuring
the corresponding test sets to carry out similar measurements at site prior to shipping the suspect
IFP hardware back to Socorro for repairs.

During FY2024, the BE team also worked with an alternate YIG-tuned oscillator vendor to qualify
a replacement for an obsolete device used in the original design, to have viable spares for repairs.
This task is ongoing. Comprehensive obsolescence identification effort was executed for all
supported BE hardware. Central reference distributor, First LO offset generator, second local
oscillator, IF processor, digitizer clock circuit, and the data transport system were identified among
the LRUs most at risk. In some cases, they share common obsolete electronic modules and the
time and schedule for obsolescence mitigation of these was incorporated into future planning by
the ALMA management team, while factoring in that some of the hardware only needs to be
supported a few more years in light of upcoming replacement with the new WSU hardware.

Back End Photonics and Local Oscillator Group: This CDL group maintains and repairs the
CLOA elements: fiber lasers (Master Laser and Laser Synthesizer) and amplifiers (Master Laser
Distributor, Photonics Reference Distributor, and Low Frequency Reference distributor), passive
splitters, Sub Array Switch (SAS) and Line Length Corrector (LLC) LRUs, as well as LO Photonic
Receivers (LPR) which are part of the Front End assemblies. The group also supports the Hydrogen
Maser at the site for VLBI operation and maintains a fully functional reference generation and
distribution system at CDL to serve as a test bed for returned and/or repaired LRUs. This duplicate
system serves as a source of last resort for backup spares if the OSF runs out of single point failure
LRU spares (while broken ones are being serviced).

In FY2024, significant LRU level repairs included Sub-Array Switch optical units (upgrades), LO
Reference Test Module (LORTM), and a complement of several optical fiber cables of differing
configurations. Significant intervention and remedial effort was required from the NA staff to
restore several laser synthesizers to their normal operation after multiple lock failures were
reported by the operations staff. The active components in several laser synthesizers have
degraded over the years, but it was possible to restore operation by readjusting relevant bias
values and without having to repair/replace hardware (degradation was not severe enough to
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justify such an intrusive intervention as per the vendor recommendations). A Photonic Reference
Distribution (PRD) article had to be replaced with a spare to restore operations. Since this is a
single point failure LRU that is obsolete, and of which there is only one remaining spare at the
OSF, the original vendor was commissioned to design and produce a replacement spare article
using modern components, meeting the original specifications.

The Master Laser LRU has an embedded doubler that has been identified as obsolete. During
FY2024, effort was made to identify and qualify a replacement to ensure continued maintainability
of this significant LRU. In FY2024, this group worked with Teraxion, the original equipment
manufacturer vendor of the Laser Synthesizer (LS) and LORTM, which is used in the FE Test and
Measurement System, to ensure its continued support for maintenance. Given Teraxion’s inability
to support these LRUs any longer, the photonics group assembled the necessary knowledge to
enable repair of these LRUs in-house. One LORTM article was successfully repaired as a result of
this effort and will be returned to the OSF shortly.

During FY2024, the team members supported the acceptance and commissioning of the new
hydrogen maser at AOS. Following in-plant acceptance in late FY2023, which this group also
supported, the vendor delivered this new hydrogen maser to the site in early FY2024.

The photonics support team staff continued work on further development of the new Ethernet to
CAN (E2C) modules for ALMA. This E2C hardware is required as replacement hardware for the
now obsolete ALMA bus master computers, and is the platform for enabling future migration of
the ALMA M&C system to ethernet bus in order to support the more stringent ALMA WSU
requirements. After its initial deployment and testing at the site in FY2023, the E2C needed to be
qualified with respect to vibration and EMC requirements. This task was completed, and the
documentation for the Critical Design and Manufacturing Review was prepared for the Q4 review.

The photonics team members were also tasked with carrying out impact assessments for various
WSU development projects, and with providing the systems engineering and development support
to the NAOJ based WSU Data Transmission System (DTS) development team. This group drafted
and submitted a proposal for a WSU sub-project to procure, qualify, and deliver optical fibers to the
ESO-led project whose goal is to provide connectivity from the AOS to the OSF. With assistance
from the NRAO CDL staff, this group is also helping to stand up the WSU Integrated Test Facility
at the OSF, where the prototype ATAC and DTS hardware will be integrated and tested, prior to
their delivery to the ALMA project.

Correlator Group: The correlator/Digital Signal Processing (DSP) group supported the ALMA
Baseline Correlator by providing requested support to the ALMA correlator group in Chile (most
Baseline Correlator issues are handled directly by the Chilean correlator group).

During FY2024, this ALMA correlator support continued. Failures of the clock distribution boards
were analyzed, and the root cause was identified as the degradation of a medium power clock
amplifier on these distribution boards. Amplifiers on the functioning boards were also found to be
marginally degraded, but not yet out of specification. Since the original amplifier is obsolete, a
drop-in replacement amplifier was identified, procured, and tested. A long lead order was placed
for sufficient quantity in order to be able to replace this component on all the distribution boards,
when necessary.
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ALMA Hardware Maintenance Activities Summary:

Careful monitoring of LRU failure rates, shipping/transit time to and from the OSF, as well as time
to repair returned articles, enabled CDL to ensure an adequate supply of operational spares at
the OSF, and to take mitigating and corrective actions when necessary. Having a usable spare
available on site (when required to execute a tier-1 repair by replacement on the telescopes)
ensured that science time lost was only time spent to execute the replacement, rather than wait
for the part to arrive.

Most NRAO members of the NA IET who execute the tiered maintenance and support activities
are members of the ALMA development teams executing projects. The ALMA IETs are jointly
responsible for maintaining technical oversight of ALMA hardware— existing and under
development. In that role, the NA IET executed these support functions in FY2024 by providing
the NRAO personnel whose knowledge and expertise were relevant. As described in the
preceding paragraphs, NA IET continued participating in various working groups set up to achieve
the goals of the ALMA 2030 Roadmap.

The center of the Milky Way galaxy over the ALMA sign in Chile. Photo by Bettymaya Foott (ALMA).
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Chilean Affairs

The NRAO office in Santiago supports the legal and business affairs of AUI/NRAO in Chile for
ALMA operations. It provides the services that require a local presence in Chile and cannot be
effectively discharged from North America. The Office of Chilean Affairs (OCA) oversees
compliance with Chilean law in all Observatory operations, with a particular focus on human
resources activities, including the implementation of collective contracts. The office is responsible
for fiscal functions, contracts and procurement, local property management, export/import
activities, and travel support. OCA also monitors safety, environmental, and regulatory issues in
coordination with the NRAO safety manager and the ALMA Environmental Working Group.

Representation

This function links AUI/NRAO with Chilean governmental and other institutions. Of particular
importance are the interactions with the ministry of Foreign Affairs, the Agencia Nacional de
Investigacion y Desarrollo (ANID, formerly CONICYT) and universities. The AUI/NRAO
representative: leads local interactions with ESO, NAOJ, and other international observatories
(Association of Universities for Research in Astronomy, Carnegie, Giant Magellan Telescope) and
North American projects in the ALMA concession or Parque Astronémico Atacama (PAA); defines
the strategic direction for education and public outreach; interacts with the U.S. Embassy; and
coordinates U.S. VIP visits to ALMA.

In FY2024, the AUI/NRAO representative engaged with the ministries of Science and Foreign
Affairs and coordinated ALMA’s commitments in support of Chile’s successful bid to host the IAU
General Assembly in 2030. She also led the process of articulating and providing feedback that
helped ANID streamline the management of the ALMA-ANID Fund.

In the relations with non-ALMA projects on the PAA, the AUI/NRAO representative negotiated an
amendment to the site use agreement with Simons Observatory, contributed substantively to the
site use agreement with the University of Tokyo Atacama Observatory (TAO), and made progress
on the site use agreement with Caltech for the Leighton Chajnantor Telescope.

The AUI/NRAO representative organized and hosted VIP visits to ALMA, including by the UN
secretary general, Antonio Guterres; AUl Trustees; U. Chile professors; and the GMT
representative. She also briefed staffers from the House and Senate Science, Space, and
Technology and Armed Services Committees, when they visited Santiago.

Business

In FY2024, the business team at OCA continued to strengthen communications with the JAO,
ESO, and NAOJ. The Chilean fringe pool remained a focal point throughout the year. Recent
audits by ESO and JAO, combined with the transition to a new ERP system, provided
opportunities to improve reporting and align stakeholder expectations.

The implementation of the second stage of the Chilean fringe mechanism incorporated additional
liabilities into the provisional rate, focusing on earned, but untaken, vacation days and increased
severance obligations. The accrued amounts are being deposited in a Chilean bank account in
guaranteed, inflation-indexed, fixed-term deposits. The JAO, ESO, and NAOJ receive quarterly
updates on the progress and impact of the fringe pool implementation.

In late FY2024, the implementation of the new ERP impacted all areas of business operations at
OCA, reshaping processes that range from purchase requisitions to the generation of audit
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documentation. To ensure a smooth transition, OCA has concentrated on mastering essential
tasks and deliverables while gradually familiarizing themselves with the system’s broader
functionalities.

Human Resources

AUI/NRAO manages its responsibilities and legal obligations as sole employer of JAO and OCA
local staff members and supports NRAO expatriate/international staff in Chile.

Local Staff: The OCA Human Resources (HR) manager monitors the application of Chilean legal
rules and regulations, payroll activities, including periodic visits to the OSF and the Santiago
Central Office (SCO), and local staff union matters. OCA also coordinates management of
compensation, recruitment, and terminations with the JAO and NRAO Human Resources.

International Staff: OCA, through its legal representative, accredits and monitors all
responsibilities associated with NRAO international staff in Chile. The expatriate assistant looks
after the well-being of the international staff members and their families.

In FY2024, the main focus of the HR-Payroll team at OCA was the migration to a new payroll
system, successfully transitioning from ADP (outsourced) to a payroll operation that is entirely
run in-house with the payroll software BUK. As of January 1, 2024 salaries have been paid with
the new system, vacation requests have been digitalized, and legal documents can be signed
electronically.

Other noteworthy HR activities included active participation in the two working groups agreed
during the last collective bargaining process; the application of a series of new labor laws in the
areas of telework; prevention of sexual, labor harassment, and violence at work; as well as the
legally mandated work and mental health bi-annual survey.

Safety, Health and Environment

The OCA senior engineer oversees safety, health, environmental, and regulatory matters in
coordination with the NRAO and JAO safety managers. The engineer also monitors site
protection (mining rights and radio frequency) and ongoing activities of the joint peer
committees.

In FY2024, the OCA senior engineer helped assess the environmental impacts and implications
of the OSF-AOS fiber optic project, which is part of the WSU. He also facilitated the
relinquishment of the remaining mining rights on the Chajnantor plateau. The decision to
relinquish these rights was jointly made by the JAO, ESO, NAOJ, and AUI/NRAO, taking into
account that the risk of mining exploration/exploitation by third parties is low and the cost of
maintaining the rights is increasing and no longer justifiable. Moving forward, OCA will monitor
if third parties request mining rights in the ALMA concession area.

Education and Public Outreach

In collaboration with NRAO EPO and ODI, the outreach employees and EPO coordinator led
the OCA EPO efforts in Chile, with a focus on new participants in STEAM. These positions are
responsible for initiatives and activities to promote STEAM career vocations among students,
bringing science closer to the community.
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In early FY2024, the OCA
EPO team completed the
second generation of
PROVOCA mentoring,
certifying 23 new mentors and
36 new students. For the first
time, the cohort included two
students from the deaf
community. Later in FY2024,
PROVOCA began its third
generation of mentoring with
an increase of 94% in the
applications from mentors and
71% from students. OCA responded to the greater demand by increasing the number of
mentoring groups by 60%. For the second year in a row, PROVOCA welcomed two students from
the deaf community to its student mentorship program.

In September, OCA organized a PROVOCA mentor summit (below), bringing together mentors
from the second and third generations. This in-person meeting provided a unique opportunity for
networking and sharing of experiences among mentors from different regions of the country.

FY2024 also marked
the beginning of the

expansion of
PROVOCA, nationally

and internationally.
Collaborations  were
established with | = =
Programa de Mentoria |
para Mujeres
Cientificas

(PROMEMCI at U. de Cuenca) mentorlng program in Ecuador a technlcal |nst|tute in Santiago
(IACC), and a group of four universities in southern Chile (U. de la Frontera, U. de Los Lagos, U.
de Aysén and U. de Magallanes). Associate mentors are participating in the mentor training and
customized workshops to assess the possibility of replicating the program at their institutions.

FY2024 was filled with other outreach
activities beyond PROVOCA, including
traveling thousands of miles to visit
students in  hard-to-reach  rural
communities in southern Chile, making
solar observations, delivering talks and
workshops, preparing the community for
an annular eclipse and providing (in
collaboration with Green Bank and
Astronomers without Borders) 10,000
solar eclipse glasses to all schools and
general public who participated in these outreach activities.
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NEXT GENERATION VERY LARGE ARRAY

The ngVLA is the highest priority for NRAO development activities. The goal is to deliver a facility that
will be optimized for observations at wavelengths between the superb performance of ALMA at
submillimeter wavelengths, and the future Phase | Square Kilometre Array (SKA-1) at decimeter and
longer wavelengths. The key science goals for the ngVLA were distilled from individual science
cases and discussed and reviewed by the ngVLA Science Advisory Council and Science
Working Groups. The goals were originally described in detail in ngVLA Memorandum #19
(arXiv: 1711.09960), and have since been updated in ngVLA memo #125 (2408.14497), and
include:

¢ Unveiling the Formation of Solar System Analogs;

e Probing the Initial Conditions for Planetary Systems and Life with Astrochemistry;

e Charting the Assembly, Structure, and Evolution of Galaxies from the First Billion Years to the
Present;

e Science at the Extremes: Pulsars as Laboratories for Fundamental Physics; and

¢ Understanding the Formation and Evolution of Stellar and Supermassive Black Holes in
the Era of Multi-Messenger Astronomy.

Prior to FY2020, the primary focus of the ngVLA project was to prepare a proposal for the
Astro2020 Decadal Survey, including a compelling science case, and a rationally costed and
realizable design for all the major telescope elements. This effort was driven by the larger
community and coordinated through the NRAO via close consultation with external Science and
Technical Advisory Councils. In FY2019, the ngVLA proposal for the Decadal Survey was
submitted, the ngVLA Science Book was published, and the Reference Design Concept was
completed. In FY2020, the project concept was formally presented to the Radio, Millimeter, and
Submillimeter subpanel of the Decadal Survey; a Systems Requirements Review was completed;
and three contracts were awarded to antenna vendors to develop ngVLA antenna design
concepts. In June 2021, a contract was awarded to mtex antenna technology for the design of
the ngVLA 18m antenna. In November 2021, the Astro2020 Decadal Survey published its report
where the ngVLA received high priority for new ground-based observatories to be constructed
during the coming decade.

Prior to FY2022, the project completed a technical system-level Conceptual Design Review,
positioning it as a candidate for the Major Research Equipment and Facilities Construction
(MREFC) program. This review covered key aspects of the project, including the antenna concept,
antenna electronics, software architecture, array configuration, and systems engineering. Building
on the feedback from this review, the design will mature through FY2024—-2026, with a target of
reaching the System Preliminary Design Review (PDR) in FY2026.

In FY2023, the ngVLA achieved a significant milestone with the Mid-Scale Innovations Program
(MSIP) contract completing a PDR for the 18-meter antenna design, developed by mtex. An
external panel of subject matter experts reviewed the PDR package, which included
approximately 150 documents and drawings, totaling over 3,000 pages. This milestone also
triggered the procurement of long-lead items for the prototype antenna, with fabrication beginning
on major assemblies. At the VLA site, electrical and fiber infrastructure work advanced in
preparation for on-site antenna installation and testing. The Integrated Product Teams (IPTs) also
made substantial progress toward subsystem-level Critical Design Reviews (CDRs). In July 2023,
the National Science Foundation (NSF) formally designated the ngVLA as an MREFC Design
Candidate.

The ngVLA antenna structure and pedestal begin to take shape at the VLA site in New Mexico in 2024.
Photo by Jeff Hellerman (US NSF / AUI / NSF NRAO).
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In FY2024, the project completed subsystem CDRs across all major IPTs, paving the way for
system-level and IPT-level PDR milestones. A project management baseline will be updated to
reflect the anticipated funding levels. In September 2024, the NSF conducted a CDR which
resulted in a strong pass. The Central Signal Processor (CSP), Data Back-End (DBE), and
Reference and Timing systems also achieved unconditional passes in their respective CDRs.
Under the MSIP, the receivers were fully developed and are now awaiting installation on the
prototype antenna. Critical infrastructure components, such as fiber optic cabling, power
transformers, and the ALMA foundation, have been prepared for antenna installation.

Looking ahead to FY2025, the focus will shift towards achieving PDR milestones at both the IPT
and system levels, with a significant emphasis on antenna installation and customer testing. The
ngVLA team aims to complete prototype and customer testing by the end of 2025, laying the
groundwork for the Antenna Final Design Review (FDR) and progressing towards Revision F of
the array design. By the end of FY2025, all subsystems will have progressed towards PDR
readiness.

Strategic partnerships with domestic and international agencies, academic institutions, and
industry will be critical in advancing the project. Many collaborations have already been
established through participation in the ngVLA'’s science and technical advisory councils, working
groups, workshops, and community design studies. Ongoing discussions will aim to formalize
these relationships and secure additional work packages from domestic and international partners
to contribute to the ngVLA design.

For 2025 and beyond, the ngVLA has identified the following priorities in preparation for PDR in
CY2026, as outlined in the FY2025 Program Operating Plan (POP):

e Receiver Development: Focus on the development of receiver cartridges and RF
components for the most technically complex feeds, enabling additional system-level
testing in both laboratory and prototype environments.

e Downconverter and Frequency Reference Modules: Advance the development of
downconverter-digitizer modules and antenna frequency reference modules for end-to-
end lab tests and system-level testing on the prototype antenna.

o Digitizer Solution Maturation: Further mature the commercial-off-the-shelf (COTS)
digitizer solution to replace custom in-house developments, reducing schedule, cost, and
technical risk. Ensure successful digitizer synchronization and clock recovery, integrating
with the digital back-end.

¢ Sub-Band Processor Development: Technically demonstrate the sub-band processor
design within the Central Signal Processor (CSP).

o Data Processing and Software: Maintain focus on the data processing challenge and
continue maturing the computing and software system designs to handle ngVLA data
processing needs.

e Array Configuration and Infrastructure: Develop the array configuration in a
Geographic Information System (GIS) model to advance site development, infrastructure
planning, and operational requirements.

The long-term objective of the ngVLA project is to fully refine the science requirements, system
architecture, and design, culminating in the successful completion of the MREFC final design
phase and advancing to the construction phase. Subject to funding, the project is targeting
detailed design and development between CY2025 and CY2028, with construction planned from
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CY2029 to CY2039. First science observations are anticipated by 2033, with full scientific
operations expected to begin by 2039.

The project also hosted a conference in Morelia, Mexico, working with colleagues on a program
of 67 talks and 37 posters that explored the novel scientific opportunities that will unfold with the
unprecedented angular resolution and sensitivity capabilities offered by ngVLA.
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Participants at the Morelia, Mexico 2024 ng

The ngVLA prototype begins assembly in New Mexico. Photo by Jeff Hellerman (US NSF/AUI/NSF NRAO).
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NEW MEXICO OPERATIONS

Two of NRAO’s telescope facilities—the NSF VLA and the NSF VLBA—are maintained and
operated from New Mexico. Both instruments provide unique centimeter-wavelength capabilities to
the astronomy community. The following subsections separately describe the operational,
maintenance, and development activities associated with each instrument, though many activities
are closely coordinated across both instruments and are carried out by the same personnel.

Very Large Array (VLA)

The VLA comprises twenty-seven 25-meter diameter antennas laid out in a Y-shaped
configuration on the Plains of San Agustin in west-central New Mexico. It offers a wide range of
capabilities for the astronomy community, via ten receiver bands and four different array
configurations.

In FY2024, the NRAO continued to provide a suite of powerful VLA capabilities to the astronomy
community as well as continuing its program of VLA infrastructure improvements. Initiatives also
enabled the VLA site to become a test bed for the next generation VLA (ngVLA) prototype antenna
and associated operations.

VLA Science Operations

Observing Programs: The NRAO continued to offer three types of observing programs to VLA
users in the Calls for Proposals issued in FY2024: General Observing (GO), Shared Risk
Observing (SRO), and Resident Shared Risk Observing (RSRO). The latter, in principle, is any
VLA observing mode that does not fall under GO or SRO. In the Call for Proposals for both the
2024B and 2025A observing semesters, no new GO or SRO capabilities were added.

In FY2024, the real-time RFI blanking software controls for the user in the OPT were updated to
provide full flexibility. Observers can select a pre-defined NRAO observing resource, in which
case the blanking is on by default but the observer can opt-out. Alternatively, if an observer needs
a user-defined resource the blanking can be applied through an opt-in choice. In both types of
resources, the user can define the threshold blanking level and length of the data chunk to be
blanked. This has been demonstrated to be effective at blanking interference from radar
transponders in L, S, and X bands, especially those used for aeronautical navigation between 1.0
and 1.2 GHz.

Support for commensal systems on the VLA was continued in FY2024; there were three such
systems that were able to take data at the same time as Pl-proposed observations. The first was
the VLA Low-band lonosphere and Transient Experiment (VLITE) system, which takes data at P-
band during regular observations that use bands other than P-band. The second was the realfast
system, which takes data at very fast dump rates in an effort to detect Fast Radio Bursts (FRB)
or other transient phenomena while observing at L- through X-bands, in parallel with standard
continuum correlator configurations. The third system was the Commensal Open-Source
Multimode Interferometer Cluster Search for Extraterrestrial Intelligence (COSMIC-SET]I) project;
this commensal mode used a pre-correlation SETI backend at the VLA for real-time identification
of potential SETI signals, running with VLA observing throughout FY2024, in particular focused
on the regular observing pattern of the VLASS.

Scientific Support of Receiver, Antenna, and Array Performance: A large fraction of the
FY2024 scientific support went toward maintaining receiver, antenna, and array performance and

The center of the Milky Way galaxy begins to appear at dusk over the Plains of San Agustin and the Very Large Array.
Photo by Jeff Hellerman (US NSF /AUl / NSF NRAO).
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ensuring that the NRAO user community had access to quality instrumentation and updated
information to effectively use the VLA. Operational tasks carried out by the scientific staff in support
of these functions are listed below.

Support Calls for Proposals: Capabilities offered in the 2024B and 2025A semesters were
defined, and user documentation for all capabilities for the relevant Call for Proposals updated;
scientific testing of user tools needed to prepare proposals (e.g., the Proposal Submission Tool
(PST), General Observing Setup Tool (GOST)/Resource Catalog Tool (RCT), Exposure
Calculator Tool (ECT)) was undertaken, and technical reviews for proposals and evaluation of
proposals for RSRO contributions were performed.

Hardware, Software, and Operational Documentation: Technical documentation detailing
hardware and software functionality for staff and users was written, as well as operational
procedures and documentation for the operations staff. The VLA Observational Status Summary
was updated before the 2024B and 2025A Call for Proposals, along with the Guide to Proposing
with the VLA and the Guide to Observing with the VLA on the NRAO science web site.

Track and Measure VLA Performance: The sensitivity and gain response of each antenna at each
band was characterized periodically. Surface accuracy checks with holography were carried out
to ensure optimal efficiency at the highest frequency bands. Antenna positions, collimation offsets,
and pointing accuracy were determined whenever the array was moved into a new configuration.

Scientific Testing of Antennas Completing Major Maintenance: Antenna positions, collimation
offsets, and pointing accuracy were determined each time an antenna came out of the Antenna
Assembly Building (AAB) after a maintenance overhaul. The performance of a newly installed
ACU was evaluated.

System Health and Maintenance Feedback: Routine health checks were performed to determine
if there were any hardware failures that must be followed up with maintenance tickets. RFI
monitoring tests were carried out to characterize and help mitigate RFI contamination in observing
bands.

Data Quality Assurance Checks: Data quality was evaluated based on Pipeline results, and test
observations were run to identify and diagnose problems that were not caught by the standardized
tests and engineering checks.

Calibration Data: Detailed data were collected with the array for a range of calibration purposes,
including flux density scale calibrator models, and polarization and bandpass calibration.

VLA Array Operations

Array Configurations: The array was reconfigured in FY2024 to the D, C, B, and BnA
configurations.

Operating Model: The VLA operators continued to oversee array operations from the VLA
Control Room at the array site throughout FY2024.

For FY2024, the Array Operations Division focused on two high-level VLA initiatives. Both of
these targets were achieved in FY2024.
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e Continue the effort started in FY2023 to improve the monitoring points and alerts, by
completing the software requirements for future implementation by the DMS department;
and

e Work towards the long-term goal of a single team of Array Operators for both VLA and
VLBA Operations, which will also be required for ngVLA in the future. In FY2024, the
process of cross training between VLA and VLBA operators continued, with one additional
operator completing training.

Electronics Maintenance and Renewal

The New Mexico Electronics Division is responsible for maintaining all VLA electronic
components, VLA servo and fiber systems, and the WIDAR Correlator. Division staff are located
either at the VLA site or at the DSOC in Socorro, with maintenance and renewal activities
occurring at both places. Due to the lifecycle stage of the VLA, maintenance and obsolescence
management is a critical focus for the Division. Routine work for FY2024 consisted of the
following:

Digital
e Perform checks on the WIDAR Correlator boards and replace or repair as needed.

Front End and Cryogenics

e Overhaul ~30 receiver cold heads per quarter to keep VLA receivers operating.
Recondition and replace receiver desiccant in each of 240 units twice per year.
Perform preventive maintenance on ~75 VLA compressor flexible lines twice per year.
Overhaul ~15 VLA compressors due to normal wear-and-tear.
Perform preventive maintenance on four helium circuits to maintain cryogenic
performance.
Repair and/or retrofit/upgrade approximately 30 Front End receivers per year.
¢ Repair and/or upgrade 40+ Front End M&C modules per year.
¢ Ongoing repair and upgrades to the Low Band Receiver system.

Local Oscillator and Intermediate Frequency (LO/IF)
¢ Investigate issues with locking, fringing, output power, and general communication
dropouts.
e Perform routine power supply and battery maintenance.
e Repair and replace RF switches.

Servo and Fiber
e Perform checks of the fiber optics system to ensure proper operations; reset as needed.
e Build and install ~six new fiber umbilical assemblies and fan-out kits for the antenna pad
J-boxes.
e Perform maintenance on the remaining legacy ACUs and Focus Rotation Mount (FRM)
controllers.
¢ |Install new ACUs in two additional antennas as part of the ACU upgrade campaign.

Multiple Groups and Systems

¢ Retrofit upgrades or additions to enhance equipment safety.
e Perform bench work on modules for repair or assembly.
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¢ Monitor modules responsible for array timing and transmission of data and adjust as
needed.

¢ Monitor for local RFI at the VLA site.

o Calibrate the site weather station yearly for preventive maintenance.

VLA Engineering Services Maintenance and Renewal

The New Mexico Engineering Services Division is responsible for maintaining the VLA antenna
mechanical components, as well as the buildings and site infrastructure such as the electrical and
HVAC systems. Routine work for FY2024 consisted of the following, listed by the group or groups
assigned to the work:

Antennas: VLA antennas are routinely cycled through the Antenna Assembly Building (AAB) for
checkout and overhaul throughout the year. The overhaul process includes: (1) structural
inspections that may reveal existing and potential problems; (2) the installation of upgrades to
mechanical parts, electrical systems, and electronic equipment; (3) addressing maintenance
issues that require AAB resources, such as azimuth gear and bearing replacement; (4) inspecting
and changing oil in gearboxes; (5) carrying out touch-up painting on the structure; and (6) repairing
and replacing other parts as needed.

Additional work is required for antennas receiving an ACU upgrade. The ACU upgrade work roughly
doubles the time required for a regular antenna overhaul, which impacts the number of overhauls
that can be carried out per year. Four antenna overhauls, including two with ACU upgrades, took
place in FY2024. Antenna azimuth bearings were inspected, and one was replaced.

i

1 i

(Left) ubset of the Engineering Services team erforming the azimuth bearing replacement on Antenna
12; (Right) old (bottom) and new (top) bearings for Antenna 12.

Preventive maintenance was conducted in the field to inspect, clean, and lubricate each antenna’s
Focus Rotation Mount (FRM) and azimuth and elevation bearings. During these maintenance
operations, antenna mechanics routinely checked grease for metal chips on all antennas in the
field for potential failure of moving parts. This is especially important for the sustainability of the
azimuth gears. The antenna mechanics respond to mechanical/structural problems that occur
regularly, such as inoperative motors, water leaks into the antenna equipment rooms, realigning
misaligned FRMs, and addressing other antenna issues brought to their attention.
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Antenna mechanics also inspect the 73 concrete antenna pads. This is done to ensure their
structural integrity and to measure for signs of shifting. If the tripod legs of a pad were to shift too
far apart, the antenna would no longer be able to be bolted to the pad. Some of the antenna pads
are showing signs of deterioration due to their exposure to weather. The antenna group inspected
the pedestals, ordered material, and repaired the pedestals that were most in need of restoration.

The two transporters used to move the antennas during reconfigurations also undergo
maintenance and repair between move periods. Maintenance on the 40-year-old transporters
includes servicing the motors, checking the generators that keep critical power to the antenna
during a move, lubricating the moving parts, checking the 24-wheel axles and wheels, and
maintaining the electrical and hydraulic systems. The transporter mechanics inspected and rebuilt
all of the transporter trucks in FY2024.

Track: During FY2024, VLA railroad track inspections continued. The track crew checked for
problems that could compromise the safety of the transporters that carry the antennas during
array reconfigurations and other antenna moves. These inspections also guard against problems
that could jeopardize the safety of the maintenance rail vehicles used by technicians to service the
track and antennas.

Maintaining track integrity requires specialized railroad repair vehicles, equipment, and materials
such as cross-ties, ballast, and rails. The Holland Track Survey conducted in 2013 recommended
that 5000 cross-ties be replaced each year to maintain the minimal health of the VLA Wye. The
track crew replaced ~400 crossties during FY2024, due to the overall flat funding profile and
associated limitations on staffing.

Seventy-three intersections (one for each antenna pad) are included in the VLA Wye proper, along
with a few more service intersections (or “spurs”). The ties that make up these intersections must
be replaced on a regular basis. Due to the complexity of rebuilding an intersection, the decision
was made to replace failing intersections with fabricated concrete ties rather than wooden ones.
This method requires more time to accomplish than working with wooden ties, but the payoff is
extended life, greater safety during moves, and less maintenance. To date, 63 of the wooden
intersections have been replaced with the concrete tie design. As a majority of intersections have
been repaired, the track crew have focused their efforts on repairing misaligned or broken railroad
spurs. In FY2024, the track crew repaired another two intersections and three spurs.

New Mexico Facilities: In FY2023, the 35-year old roof on the Domenici Science Operations
Center (DSOC) failed, threatening the safe occupation and operation of the building, services,
and equipment it contains. While the building belongs to the New Mexico Institute of Mining and
Technology, on whose campus it resides, the repair of the facility is the responsibility of the
NRAO. In FY2023, funding to replace the roof (include solar panels) was received from the NSF
and in FY2024, the roof was replaced with the solar panel installation.

VLA Observing Capability Enhancements

The VLA continued to provide new capabilities to the user community to optimize and enhance
the science that can be done with the array. This strategy has proven to be effective in keeping
users engaged, and it is a critical factor in keeping the scientific productivity of the VLA high.

In FY2024, the VLA scientific staff were able to partially support the development of capabilities

that could benefit both the ngVLA project, such as a new on-the-fly holography mode for the
ngVLA that could also be used to improve VLA holography and pointing, and the development of
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the ability to integrate the ngVLA prototype antenna into the VLA system for commissioning and
science verification.

VLA Technical Upgrades and Enhancements

Technical upgrades are chosen based on considerations of safety, operational efficiency, ease of
maintenance, impact on data quality and delivery of science, cost, obsolescence planning, and
impact on overall NRAO strategic goals.

VLA ACU Replacement: The electronics parts to repair the original ACUs are no longer available.
Without these replacement parts, antennas with failed ACUs would no longer be able to
participate in observations, posing a serious operational risk. All legacy ACUs are to be replaced
with units using newer technology, including NRAO-developed all-digital Silicon Controlled
Rectifiers (SCR), which enable a more supportable VLA, as well as eliminating some inherent
problems with the legacy design and greatly improving the pointing and tracking capabilities of
the antennas. The Servo Group installed two additional units in FY2024.

Variable Frequency Drive (VFD) Development: As part of the continued effort to reduce the
power consumption and energy costs associated with operating an antenna, an NRAO-developed
VFED electronics package was integrated and characterized with a cryogenic refrigerator and
compressor system in the electronics laboratory in FY2021. Further development on this system
in FY2024 was not possible given the flat budget projection and current under-staffing.

Buffered Compressor Tank Development: To improve operational reliability and performance,
Electronics Division engineers and staff have been developing a buffered compressor tank
system for use on antennas. Under this design change, all antenna compressors are now
manifolded together to allow for pressure regulation to be controlled electronically. The final
system will minimize the diurnal pressure oscillations that are produced by ambient temperature
changes and will also compensate for small leaks in the system using a helium charge tank,
minimizing maintenance visits. An initial installation of the system occurred in FY2021 as the
preliminary design was finalized for portions of the system and the system’s control electronics,
remaining valves, and buffer and charge tanks were installed on VLA antenna 14 in FY2022. To
date the system is performing as expected, but given the flat budgeting, no additional
deployments occurred in FY2024.

NRAO crews prepare to move an antenna as the VLA transitions into a new configuration.
Photo by Jeff Hellerman (US NSF /AUl / NSF NRAO).
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Very Long Baseline Array (VLBA)

The VLBA comprises ten 25-meter diameter antennas at locations ranging from Hawaii to the
U.S. Virgin Islands. It is the only array in the world with antennas fully dedicated to astronomical
Very Long Baseline Interferometry (VLBI). It is also able to join other ad-hoc VLBI arrays such
as the Global Millimetre VLBI Array (GMVA), High Sensitivity Array (HSA) and global cm-VLBI
experiments.

In FY2024, the NRAO provided new VLBA capabilities (e.g., improved VLBA network speeds, E-
transfer demonstration, site weather station upgrades, Earth Orientation Parameter calibration
correction) to the astronomy community that have been under development in previous fiscal years
and continued its program of improvements to the digital and physical infrastructure. The
engineering team performed further structural inspections and addressed defects found during
previous inspections, to ensure continued operation of the VLBA.

VLBA Science Operations

Observing Programs: The NRAO continued to offer three types of observing programs to VLBA
users in FY2024: General Observing (GO), Shared Risk Observing (SRO), and Resident Shared
Risk Observing (RSRO). As for the VLA, any VLBA observing mode that does not fall under GO
or SRO may be proposed under the RSRO program. In the Call for Proposals for 2024B observing
semester, no new GO or SRO capabilities were offered. In the Call for Proposals for the 2025A
observing semester, no new GO capabilities were added, while under SRO the delivery of
wideband VLA data (from WIDAR, phased array Y27) during VLBI observations was offered.

Scientific Support of Receiver, Antenna, and Array Performance: Operational tasks carried
out by the scientific staff during FY2024 are listed below and focused on maintaining receiver,
antenna, and array performance and ensuring that the user community had access to quality
instrumentation and updated information to effectively use the VLBA.

Support Calls for Proposals: Capabilities offered in the 2024B and 2025A semesters were
defined, and user documentation for all capabilities for the relevant Call for Proposals updated;
scientific testing of user tools needed to prepare proposals (e.g., Proposal Submission Tool
(PST), European VLBI Network Sensitivity Calculator and Observation Planner) were undertaken,
and technical reviews for proposals and evaluation of proposals for RSRO contributions were
performed.

Hardware, Software, and Operational Documentation: Technical documentation detailing
hardware and software functionality for staff and users was written, as well as operational
procedures and documentation for the operations staff. The VLBA Observational Status Summary
was updated before the 2024B and 2025A Calls for Proposals, along with the Guide to Proposing
with the VLBA and the Guide to Observing with the VLBA on the NRAO science web site.

Track and Measure VLBA Sensitivity, Pointing, and Focus: The sensitivity, pointing, and focus of
each antenna at each band were characterized periodically, as receivers and equipment were
replaced or as software was upgraded.

The VLBA antenna at the North Liberty, lowa station prepares to make observations.
Photo by Jeff Hellerman (US NSF /AUl / NSF NRAO).
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Clock Maintenance: Accurate time keeping is central to VLBI, and is provided by hydrogen masers
and reference signals inserted into the astronomical data. Quality assurance checks were
performed periodically by scientific staff and data analysts.

System Health and Maintenance Feedback: Routine health checks and analysis of the data to
determine if there are any hardware failures were followed up with maintenance tickets. RFI
monitoring tests were carried out to characterize and help mitigate RFI contamination in observing
bands.

Data Quality Assurance Checks: Data quality was evaluated and test observations run to identify
and diagnose problems that were not caught by engineering checks.

User Support: VLBA User Support continued to be provided by scientific staff in NM Operations
on all aspects of proposing, observing, data access, and data reduction via the helpdesk and/or
one-on-one when applicable.

Coordination for Global Millimetre VLBI Array and the High Sensitivity Array: The VLBA
occasionally observed in parallel with other observatories, as requested by users whose scientific
goals require the inclusion of baselines to large aperture and/or distant facilities. Scheduling and
correlation of these observations required coordination with local schedulers at each participating
observatory, a significantly more complex process than normal VLBA-only observations require.

VLBA Array Operations

Scheduling and Observing: Standard scheduling and observing procedures were used during
FY2024 for the VLBA. The VLBA operations staff also correlated and inspected observations using
standard methods.

Operating Model: VLBA Operations is moving towards the ability to perform electronic transfer
of incoming data from non-VLBA stations over the internet, in particular, to minimize the need for
the shipping of disk packs internationally.

For FY2024, the Array Operations Division focused on the following high-level VLBA initiatives:

e InFY2022, VLBA Operations developed a procedural framework for the electronic transfer
of incoming data from non-NRAO VLBI stations over the Internet, which included the
requirements for an e-transfer filesystem in the DSOC for staging transferred data. In
FY2023, the e-transfer Operations Plan was drafted, however due to hardware
procurement and installation delays, it could not be verified. Operational tests between the
correlator and the filesystem took place in FY2024. In addition, the cyber security
measures resulting from the audit described in Section 3.2.3 were implemented.

¢ |Initiated a program to improve the clarity of monitoring points and alerts of both new and
aging VLBA systems, as has been done for the VLA. A set of improvements was identified
and implemented in FY2024.

¢ As noted in Section 3.1.2, the Division has a long-term goal of a single team of Array
Operators for both VLA and VLBA Operations, which will also be required for ngVLA in
the future. In FY2024, the process of cross training between VLA and VLBA operators
continued with another operator trained to operate both facilities.

USNO-specific Operations: Every day, the USNO used two to five VLBA antennas to perform
Earth orientation measurements. After observations were completed, a data quality assessment
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was performed by VLBA Operators and then the data were made available for download to the
USNO correlator. When needed, the VLBA correlator was used as a back-up to the USNO
correlator. This capability was tested on a two-station observation every month. In these tests,
data from Koke‘e Park, Hawaii, and Wettzell, Germany were transferred to the VLBA correlator
and then the data were correlated and post-processed on computers within the DSOC. During
FY2024, these tests were incorporated into the e-transfer framework described above.

VLBA Development

During FY2024, progress was made on five development projects.

VLBA Back-End Retrofit Project (VBER): An Electronics Division project that consists of five
interrelated development projects:

New E-Rack for VLBA vertex room to house new electronics
L404B flexible frequency synthesizer

E-Rack power supply for the L404B and future electronics
Timing and Reference Distribution Module

VLBA New Digital Architecture Project (VNDA)

The projects were all brought under one project structure to ensure uniformity in documentation and
carefully considered interfaces. Each of the five VBER efforts listed above are at different
development stages. Installation of the E-Racks and the Preliminary Design Phases for the L404B
flexible frequency synthesizer and P401 power supply were completed in FY2022. During FY2023,
E-Racks were fully commissioned with L404B synthesizers and P401 power supplies at three sites
and a Final Design Review was completed for the Timing and Reference Distribution modules. The
following activities were completed in FY2024:

e Commissioning of E-Racks: E-Racks were commissioned with new L404B synthesizers
and P401 power supplies at an additional VLBA site in FY2024; the remainder will be
completed in FY2025.

e Procure VBER Timing and Reference Distribution Module hardware to support VNDA
development: Hardware to populate the VLBA test rack was purchase and installed in
support of the VNDA ZBT. Hardware for two VLBA sites was purchased and will be
installed in early FY2025 to support VNDA on-the-sky-testing. Orders were placed for
hardware, including spares, necessary to outfit the entire array with delivery scheduled for
Q1 FY2025.

VLBA New Digital Architecture Project (VNDA): This effort began in FY2019 in response to
growing concern about the ability to maintain the VLBA digital system, the ROACH Digital Back
Ends. Since replacement hardware was not available, a new development project was needed.
During FY2023, difficulties in executing the planned development path triggered an engineering
change that allowed VNDA to employ a hardware and development platform that was not available
in FY2019 for the sampler and a migration to GPUs for the channelizer. This change pushed the
VNDA timescale somewhat later but is not expected to negatively affect the project budget. During
FY2024, three major milestones were completed:

e In Q3, the first major laboratory test (the Zero-Baseline Test or ZBT) of the full VNDA

system was conducted. This retired most of the project technical risk and was the gate to
procurement of the prototype hardware to be installed at two antennas in early FY2025.
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The Scientific Information Services (SIS) and New Mexico Systems (NMS) groups from
DMS worked with NM Operations to execute this test.

¢ In Q4 after successful ZBT, the PDR was held. This review covered the technical progress,
the upcoming on-the-sky test plan, operations and maintenance plan, and project
management. Two pieces of software, to be developed by the NMS group of DMS, was
included in the review: the Monitor Interface Board (MIB) emulator software and the VNDA
Switched Power Receiver. PMD assisted NM Operations in executing the PDR.

¢ In Q4, the VNDA project completed the procurement of two sets of prototype hardware
which will be installed on VLBA antennas in FY2025.

VLBA ACU Design Development: Similar to the experience of its VLA counterpart, the VLBA
ACU electronics hardware has reached obsolescence after 30 years of operations, posing a
critical risk to antenna availability. Leveraging the VLA design, a new ACU assembly draft
conceptual design was created and an initial project estimate made. A planning session was held
late in FY2023 to initiate effort on this project. In FY2024, sufficient Conceptual Design
documentation was planned to be completed by Q4 to allow prototype material purchases to
commence in FY2025, should funding and resources be made available. The sustained flat NRAO
budget required cuts in the NMOps Engineering areas supporting this effort; the Conceptual
Design is now planned for FY2025, with the NMS group in DMS.

High-speed VLBA networks: Real-time correlation became a routine tool for weekly diagnostic
testing during FY2021. This capability relies on the high-speed network that was deployed as part
of CSA-F. In FY2024, in collaboration with the NRAO Administration and DMS departments, NM
Operations was able to demonstrate increases in real-time capability and incremental
improvements in real-time data transfer to all VLBA stations (at least 1 Gbps for nine stations,
excluding St Croix which is limited by the island’s infrastructure). The VLBA site at Mauna Kea
has a 10 Gbps link which supports the VLBA'’s full data rate, and additional funding is being sought
with the future goal of achieving this rate across the VLBA sites (excluding St Croix).

E-transfer: A petabyte-scale filesystem was deployed in late FY2023 through Q1 FY2024 to
facilitate transfer of large (TB-class) data sets, either to the VLBA from foreign sites, or from the
VLBA to foreign correlators. During Q1, NM Operations assisted by the SIS group conducted a
security audit of some VLBI-specific data copy protocols and planned for implemented one of
them in a manner consistent with the NRAQO’s cybersecurity standards. During Q2, NM
Operations, with assistance from the DMS SIS and NMS groups, prepared the filesystem and
demonstrated its use on a first real-world use case using a local data copy from Mark6 to the
filesystem and then a direct read by the correlator.

VLBA Maintenance and Renewal

The New Mexico Electronics Division is responsible for maintaining all VLBA electronic
components, many mechanical systems, VLBA station infrastructure, and recording and playback
hardware. Two VLBA site technicians are located at each VLBA site, and many engineers and
technicians provide VLBA support from the DSOC in Socorro.

The site technicians carried out the bulk of the routine maintenance tasks at the VLBA sites. For
FY2024, this work consisted of the following at all 10 VLBA sites.

Monthly Maintenance:
e Testing of all emergency systems, including backup generator.
e Compressor oil level and pressure analysis.
e Azimuth cable wrap maintenance.
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o Wheel assembly position inspection.
e Gearbox oil filter cleaning.
¢ Uninterruptible Power Supply inspection and tests.

Quarterly and Semi-Annual Maintenance:
e Fire extinguisher and alarm inspections and cleaning.
¢ HVAC maintenance.
e Intermediate Frequency (IF) Converter level and Synthesizer setting tests and
adjustments.
Antenna mechanical gear, pinion, gearing, bearing, and motor lubrication and inspection.
Vacuum Pump and Manifold tests and inspections.
Inspection of brushes and commutators on antenna motors.
Inspection and testing of Antenna emergency limit motion.
Inspection of antenna grounding system.
FRM servo amplifier alignment.
Dry-air system maintenance.

Electronics division staff performed the following routine VLBA work in FY2024:

Front End and Cryogenics:
e Overhauled 40 receiver cold heads to keep VLBA Front Ends operating.
e Performed preventive maintenance on 4 helium circuits to maintain cryogenic
performance.
¢ Repaired and/or upgraded/retrofitted 8 VLBA Front End receivers.

Local Oscillator and Intermediate Frequency (LO/IF):
¢ Investigated issues with locking, fringing, output power, and general communication
dropouts.
¢ Monitored maser performance and timing, adjusting as needed.

Data Acquisition and Digital:
o Repaired 12 VLBA recording and playback modules.
e Repair of up to 50 recording disk packs.
o Repaired 4 Digital Back End modules.

Multiple Groups and Systems:
¢ Retrofitted upgrades or additions to enhance equipment safety.
e Performed bench work on modules for repair or assembly.
¢ Monitored for local RFI at the VLBA sites.
e Supported major maintenance visits to two VLBA sites.

Both the Electronics Division and the Engineering Services Division supported the following major
maintenance activities in FY2024:

Major Antenna and Site Maintenance: Scheduled major maintenance was conducted at both

the Pie Town and Los Alamos VLBA sites. During these maintenance visits the following work
was conducted:
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e Inspect and lubricate Focus Rotation Mount (FRM), azimuth wheel, elevation, and pintle
bearings; replace as necessary.

¢ Inspect azimuth and elevation gearboxes and elevation gear sector; oil and filter change

as needed.

Inspect azimuth inner/outer bearings, idler bearing; replace as needed.

Subreflector painting and coatings on quad legs.

Inspect feeds, feed cone and dichroic reflector system and replace/repair as needed.

Inspect and repair azimuth rail and grout.

Inspect and repair cable wrap and pintle structure.

Los Alamos Subreflector
painting in situ (left: before,
right: after). Measurable
gain improvements were
seen following this major
maintenance visit.

PT Elevation Bearing: In FY2023, metal flakes were discovered in the grease which lubricates
one of the elevation bearings at the PT antenna. Further inspections determined this bearing was
approaching end of life. In FY2024, both elevation bearings were replaced.

BR AZ2 Idler Wheel: In early summer of FY2024, a normal periodic inspection revealed the
outward slippage of one of the Brewster antenna idler wheels. A period of enhanced monitoring and
an invasive inspection to verify bearing integrity followed while the antenna remained in operation.
Ultimately the slippage exceeded safe operational limits and a maintenance team repaired the
wheel in August 2024.

Engineering Inspection Visits: The VLBA antennas have been in operation for over 30 years,
which exceeds their original design life. In FY2023, engineering teams inspected the structural
and mechanical elements on the Kitt Peak, Fort Davis, Mauna Kea, and St Croix antennas.
Structural defects discovered during these inspections were addressed in FY2024 as part of
routine maintenance. An engineering team visited the Los Alamos station in FY2024 and
conducted a complete structural evaluation.

VLBA Reliability Analysis: In FY2022, Electronics Division staff began an Operations
Engineering based analysis of the VLBA with the goals of predicting and extending the lifetime of
the array. In FY2023, a reliability analysis of the VLBA antenna electronics began but was
terminated due to staffing and budgetary constraints. This research resumed in FY2024 with the
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addition of an Electronics Division staff member focused on quality, reliability, and operational
excellence.

VLBA Observing Capability Enhancements

The VLBA continued to provide new capabilities to the user community to optimize and enhance
the science that can be done with the array. This strategy has proven to be effective in keeping
users engaged, and it is a critical factor in keeping the scientific productivity of the VLBA high.
Scientific staff and RSRO effort were directed to the following observing capability enhancements
in FY2024.

VLBA Technical Upgrades and Enhancements

The following VLBA technical upgrades and enhancements were worked on during FY2024.

The Long Baseline Observatory (LBO) Reintegration Proposal describes an eight year program of
infrastructure improvement focused on equipment and infrastructure upgrades for the VLBA. In
FY2024, these focused on the RDBE replacement and site generators (Hancock); the staging of the
improvements in New Mexico has been revised annually to accommodate alternative funding
opportunities, infrastructure costs, facilitate urgent repairs, and gain operational efficiencies.

In FY2024, the design and development effort to replace the aging RDBE continued through the
VNDA project. Equipment procurements also included additional weather station and antenna
gearbox hardware.

Site Weather Station Upgrades: Design of the weather station upgrade and first installation was
completed in FY2021. As part of the continued rollout of the revised design, additional sensors
and related hardware, sufficient to complete the entire array, were procured in FY2022. In
FY2023, an additional upgraded weather station was installed at Pie Town. By the end of FY2024,
all production was completed, including shipments of the upgrades, to the remaining VLBA sites.

Data Buffer Servers (DBS): NM Operations supported the DMS SIS group in deploying the
remaining nine DBS systems across the VLBA as upgrades and lifecycle renewals for the aging
X-cube systems at the VLBA sites. These systems will be a core component of the final real-time
data transfer system.
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SCIENCE SUPPORT AND RESEARCH

The Science Support and Research (SSR) department coordinates and manages the efforts to
support scientific users of NRAO facilities, seeks to broaden the Observatory’s impact through
education and visitor programs for scientists, and supports and oversees the research and
scientific productivity of the scientific staff. The SSR Department comprises several Divisions,
namely Telescope Proposal Support Services, Reference Services, Scientific User Outreach
Services, and SSR Special Programs.

Telescope Proposal Support Services

The NRAO Telescope Proposal Support Services contains the Telescope Time Allocation (TTA)
Group. TTA is in charge of supervising the entire proposal process and offering the necessary
tools for preparing, submitting, and peer-reviewing proposals for scientific observations
conducted of the VLA and the VLBA. It also handles the allocation of telescope time. Currently,
TTA extends its support to the GBT through a Service Level Agreement with GBO. Starting in
Semester 25B, there will be a single proposal solicitation through the NRAO as a result of the
reintegration of GBO on 01 October 2024. ALMA proposals are managed separately by the JAO,
in accordance with international agreements.

The NRAO proposal process is semester-based with proposal deadline dates on the closest
Wednesday to 1 February and 1 August. In FY2024, as in previous years, TTA prepares each
Call for Proposals and, in coordination with VLA/VLBA and GBT Science Operations, the
associated documentation regarding schedules and offered observing capabilities, and supports
astronomers with any issues they may encounter during the proposal submission process. All
proposals are evaluated on the basis of scientific merit by ten Science Review Panels (SRP),
each covering a unique scientific category. SRP members are recruited from the scientific
community for a typical term of four semesters (up to two years). Proposals are reviewed for
technical feasibility by members of the NRAO scientific staff. Scientific and technical reviews are
forwarded to the Time Allocation Committee (TAC) composed of the chairs of the SRPs. The TAC
considers the entire set of proposals and recommends time allocations for the VLA and the VLBA
to the NRAO Director, and for the GBT to the GBO Director. After consideration of TAC
recommendations by the Directors, disposition letters are sent to proposers and the approved
science programs are posted online.

Over the last year, the NRAO successfully ran two proposal review processes on 31 January
2024 (Semester 24B with 363 proposals submitted requesting time on the VLA, VLBA, GBT, and
GMVA) and 31 July 2024 (Semester 25A with 334 proposals submitted) with the final rankings for
Semester 25A being sent to the Pls after the TAC meeting in Q1 FY2025. In addition, all the
associated software tools to run the proposal calls were updated to accommodate accepting and
evaluating PI proposals.

In Semester 24B, joint observing programs between NRAO and the JWST were offered.
NRAO/NSF signed an agreement with NASA’s Imaging X-ray Polarimetry Explorer (IXPE) for a
Joint NRAO/IXPE Proposal process. This capability will be offered starting with NRAO Semester
25B. Finally, the decision to offer a two-year proprietary period to all student observing programs
with accepted thesis proposals was taken. Planning and implementation will start in FY2025 and
first offered with the Semester 25B observing program. The images below show the trends in the
number of submitted observing proposals (regular and large) through Semester 24B.

The Event Horizon Telescope (EHT) collaboration has captured a new view of the massive object at the center of our Galaxy: how it
looks in polarized light. This is the first time astronomers have been able to measure polarization, a signature of magnetic fields, this
close to the edge of Sagittarius A*. This image shows the polarized view of the Milky Way black hole. Credit: EHT Collaboration.
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Plots of the number of submitted observing proposals (regular and large) through Semester 24B.

Adapting the well-tested NRAO review process to support dual anonymous peer review is a key
feature of the new TTA tools. In FY2024, the TTA tools project implemented the interfaces and
reporting tools that support the time allocation process, which includes the Telescope Time
Allocation meeting and the Director's Review. In FY2025, the TTA tools project will implement
functionality to existing interfaces that are necessary to facilitate time allocation, delivery of
Disposition Letters to proposers, and project creation.

Reference Services

NRAO Library: The NRAO Library proactively seeks online, distributed access to research and
reference materials for NRAO staff and the community. This supports usage across all
Observatory sites from one centralized location. While many of the journals are going to open
access, the incurred cost of running and publishing in the journal is now being transferred to page
charge support. In addition, most journals have needed to increase their fees for subscriptions,
whether open access or not, in order to stay competitive. Both of these issues will be addressed
going forward.

The NRAO Library is responsible for the publication, posting, and maintenance of the 83 different
NRAO Memo and Report series, refereed and non-refereed. This ensures the availability and
retention of these documents that are used by the AUI observatories and the scientific
community.

In FY2024, the NRAO Library supported the publication of 117 papers from ALMA, VLA and the
VLBA. Library staff responded to 399 requests for assistance and published 46 new memos. The
final phase of a comprehensive memos database project to support ease of discovery of NRAO
Memos and Reports completed in August 2024 with the database of 5853 official memos now
associated to 8881 author entries.

The Library staff support NRAO internal and external reporting functions by collecting a variety of
data and metrics in coordination with Statistics and Metrics services (see below). This effort
includes ongoing development of ALMA and VLA user and publications metrics in addition to the
standard metrics requested monthly, quarterly, or annually. The Observatory Librarian
participated in a multi-observatory bibliography group to review best practices for gathering
scientific papers and collecting metadata on them. The group’s recommendations have been
published via a refereed paper in the Open Journal of Astrophysics. The group’s discussions
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included software and utilities which will inform decisions about potential replacements of the
legacy system for bibliometrics. The establishment of a faceted search index by DMS will close
the Library’s decade-long digitization project. The request for this programming time has been
submitted.

Historical Archives: The NRAO/AUI Historical Archives seeks out, collects, organizes,
preserves, and provides access to NRAO institutional records as well as personal papers of staff,
former staff, and others with connections to the NRAO; preserves multimedia materials relating
to NRAO history; and conducts oral history interviews. As resources permit, Archives makes these
materials available to the public through an extensively documented web site and personal
contact with internal staff and external individuals and organizations. As the national facility for
radio astronomy, the NRAO/AUI Historical Archives also includes materials on the history and
development of radio astronomy. It is one of the few Archives worldwide that already provides
such a wide range of materials online without the need for researchers to physically visit the
Archives, and its growing reputation has made the NRAO Archives the de facto repository for the
history of U.S. and Canadian radio astronomy.

Over the course of FY2024, the Archives continued to respond to internal and external requests
for information; support visiting researchers and NRAO staff and process and document new
acquisitions. Large acquisitions included ~40 linear feet of materials from Miller Goss on the
legacy of radio astronomy in Australia as well as ~110 linear feet of historical observation logs
from GBO. A new lobby exhibit at the NRAO Edgemont Road offices, “A Century of Low Noise
Technology,” was completed in the Summer of 2024. The images below show the NRAO
Edgemont Road exhibit in the lobby.

Artifacts on display at the new
lobby exhibit at the NRAO
Edgemont Road offices, ‘A
Century of Low Noise
Technology.”

The Archivist and Senior
Archivist attended the book
launch for Joe Pawsey and
the Founding of Australian
Radio Astronomy in
September 2023; and the
Archivist attended two
conferences, as well as a
training workshop held by
the Society of American
Archivists in June 2024.
Finally, Archives produced
a strategic, five-year plan
focused on growth,
sustainability, and
succession planning.
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Statistics and Metrics: The NRAO observing metrics database contains data used for
contractual reporting to the NSF with consistent information pertaining to the operation of AUI-
operated telescopes: ALMA, VLA, VLBA, and GBT. The database is also used to provide monthly
reports to NRAO management, and quarterly reports to GBO management. Statistics and Metrics
also supports the production of the NRAO’s monthly, quarterly, and annual reports.

Statistics and Metrics will continue to support the Performance Evaluation and Management
Reports (PEMR) for NRAO, comprising the ongoing collection and monitoring of a broad suite of
metrics across the range of Observatory activities to provide an informative snapshot of NRAO
performance that is of value to NRAO senior management, the NSF, and other stakeholders.

Scientific User Outreach Services

SSR coordinates the Research Experience for Undergraduates (REU) and NRAO summer
student programs, Co-Op students, undergraduate and graduate student interns, Reber Doctoral
Fellows, Jansky postdoctoral Fellows, the Student Observing Support program, and the Post-
Baccalaureate Program.

Undergraduate Students: The long-running (since 1959) NRAO summer student program
continues its success. Each year, this 12-week program allows students to work under the
supervision of NRAO and GBO staff members at the sites in New Mexico, Virginia, and West
Virginia to carry out original research in astronomy, computing, and engineering.

In FY2024, the NRAO funded 36 undergraduate and graduate summer students out of a record
number of applications— nearly 430. Also during FY2024, NRAO was awarded a new five-year
renewal of its summer student REU program that will support 15 undergraduate researchers each
year through FY2028. The NRAO also supports a co-op program that enables undergraduate
engineering or astronomy students to gain practical, career-based experience as part of their
formal academic education. Two engineering co-ops were supported in NM and two at CDL during
the course of FY2024.

Participants of the
2024 NRAO
Summer  student
program during the
visit to the Green
Bank Observatory
" as part of the GBO
'. Bootcamp.
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Modest funding is available for
undergraduate internships,
where promising undergraduate
students participate in scientific
or engineering activities,
supervised by NRAO staff, over
a period of weeks to a semester.

SSR coordinates closely with
student programs run by the
NRAO. Participation in SSR
student programs is intertwined,
and SSR supports the selection
of students through the web-
based forms and database used
for all summer  student
applications. The SSR
department also coordinates with
the Physics Inspiring the Next
Generation (PING) program, run
by the GBO.

2024 NRAO Summer students on the GBT.

Graduate Students: The NRAO is committed to training the next generation of scientists and
engineers working in radio astronomy. Several programs aimed at graduate students support this
mission. Graduating seniors and first- and second-year graduate students may participate in the
NRAO summer student program described above. This program gives students experience in
radio astronomy research early in their graduate careers, allowing them to incorporate these
projects into their thesis research. The NRAO also awards Reber Doctoral Fellowships to students
who have completed institutional requirements for doctoral candidacy so that only their thesis
research remains for them to complete their Ph.D. Such Fellows take up residence at one of the
NRAO sites, typically for two years, while they complete their thesis under the supervision of an
NRAO staff member. Over the course of FY2024, NRAO/GBO supported 15 Reber Fellows at the
three sites.

Post-doctoral Researchers: SSR oversees the Jansky Fellows postdoctoral program— the
NRAO’s long-standing prize research fellowships. This highly competitive program attracts some
of the best young scientists to postdoctoral appointments at an NRAO site, or at external
institutions in the U.S. (non-resident Fellows). The Jansky Fellows program was also broadened
to include engineering as a strategic priority— the Jansky Engineering Fellowship program—
tailored to the unique needs of engineering postdocs, and opportunities within CDL. SSR will
continue to work closely with existing and incoming Jansky Fellows to identify and implement
opportunities for professional development while maintaining the focus on excellence in
astronomical and related engineering research. Each Jansky Fellow is provided with a substantial
research budget for scientific travel, page charges, and computing resources. SSR will facilitate
engagement of the Jansky Fellows in the unique opportunities afforded by being involved in a
postdoctoral program at a national observatory. In parallel to research mentoring, the NRAO
provides focused training and resources to foster development of non-academic career skills of
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the Jansky Fellows, including leadership, administrative and project management,
communications, and organization.

The NRAO also hosts postdoctoral fellows funded by other institutions, such as the Hubble Space
Telescope, the Einstein Observatory, and NSF Fellows.

Over the course of FY2024, four new Jansky Fellows started at NRAO sites: Samantha Scibelli
(Charlottesville), Cosima Eibensteiner (Charlottesville), David Monasterio (Charlottesville/CDL),
and Hendrik Muller (Socorro). Rebecca Charbonneau (Charlottesville) and Julia Blue Bird
(Socorro) concluded their respective Jansky Fellowships in 2024 August and September. Also
starting in FY2024 was the 2025 Jansky Cohort including Kyle Massengill (Socorro). Adam Dong
(GBO) will complete the 2025 Jansky Cohort when he starts in Q2 FY2025.

Student Observing Support: Financial support is available on a competitive basis for students
at U.S. universities observing with ALMA, VLA, or VLBA through the Student Observing Support
(SOS) program. SOS funding provides a stipend and covers miscellaneous expenses such as
computers and travel to conferences to a maximum of $40,000 USD per award. This program is
regularly highlighted by the Users Committee as being highly valued by the user community.

Over the course of FY2024, NRAO supported 11 students on ALMA projects, 4 students on
VLA/VLBA, and 9 more on ALMA archival science. The oversubscription rate is typically 2-3x and
for budgetary considerations, the Semester 24B opportunity was skipped. Planning has also
started to provide SOS funding in 2025A for GBT projects.

Post-Baccalaureate Students: The Post-Bacc program is a new initiative for students in
between their undergraduate and graduate educations who are aiming to strengthen their
applications to Ph.D. programs in astronomy or a related field. The program supported two
successful post-baccs in CY2023-2024 and will have four starting in CY2024-2025 selected from
80 strong applicants. Two of these post-baccs will be supported with supplemental funding with
individual PI grants. In FY2025, NRAO hopes to support a post-bacc program in Socorro.

VLA Scientific User Support: The NRAO provides the scientific community with the support to
execute successful scientific programs with the VLA. In the longer term, and through the products
of the SRDP project, the NRAO will provide the scientific support for users to access, reduce,
calibrate, and analyze their data as well as to help the community generate new and innovative
ideas for science by fostering cross-disciplinary and cross-field ideas and techniques.

Staff members will continue to provide education and outreach services to astronomers who use
NRAO facilities, including face-to-face visitor support/data reduction visits, Helpdesk support,
Knowledgebase articles, science forums, science meetings and conferences, science web
content and the NRAO User Portal interface, user documentation, workshops and tutorials, online
training, and educational material. Coordination with the NAASC, which handles such activities
for North American ALMA users, will also continue to ensure that NRAO users benefit from these
services including expanding on the very successful ALMA Ambassador Program to include
NRAO Ambassadors that will provide support for VLA community outreach.

In FY2024, the NRAO organized the 20" Synthesis Imaging Workshop on 15-22 May in Socorro,
NM. The school covered fundamental and advanced lectures on aperture synthesis theory and
techniques, data calibration, imaging and analysis methods, along with 2 days of tutorials on
handling VLA, VLBA, and ALMA data. The school attracted 81 in-person participants, with over
66% being graduate students. While the school typically also attracts early career scientists
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(postdocs and early career staff scientists), this year there was an uptick in the attendance of
undergraduate students despite the advanced level of the school. Almost 83% of participants
were affiliated with North American institutions and universities (U.S., Canada, Mexico).

Country Career stage of the participants

Germany Postdoc

2.5% 4.9%
Italy Other

lee ‘Eérh‘/‘ Career
China o
Mexico
e Undergraduate
Canada o
Graduate Student

Participant demographics from the 20" Synthesis Imaging Workshop from 15-22 May in Socorro, NM.

20" Synthesis Imaging Workshop conference photo.
SSR Special Programs

Science Ready Data Products

The NRAO Science Ready Data Products (SRDP) program is designed to broaden participation
in radio astronomy and increase the science impact of the NRAO interferometers. It will achieve
this by removing barriers to scientific access to the radio portion of the electromagnetic spectrum.
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Through on-demand processing on Observatory computing resources and curating a rich archive
of science-ready images, the NRAO provides easier access to the unique capabilities of its
telescope facilities.

The Science Ready Archive and Operations (SRAO) project represents the original scope of the
SRDP program, focused on pipeline development, operations, and development of the archive;
incrementally delivering capabilities through a five-year roadmap. The SRAO heuristics team
deployed a new pipeline to support operations of VLA standard calibration, imaging, and ALMA
User-Defined Imaging (AUDI) in Q1. This new pipeline added the ability to calibrate and image
spectral line data for the VLA. Updates to flux density bootstrapping were made to better handle
high and very low fractional bandwidth modes. Numerous improvements were made to the
automated self-calibration to produce better outcomes, and self-calibration heuristics for ALMA
and VLA continued to be refined. The next set of heuristic updates to perform self-calibration on
ALMA mosaics and better support long-baseline data will be available in FY2025. The next set of
heuristic updates will support better self-calibration outcomes for data with wide fractional
bandwidth and high signal-to-noise. Finally, total electron content data are once again available
for data taken after August 7, 2023.

Based on the heuristic development from FY2024, SRDP operations continued the imaging of
VLA data (which began Q4 FY2022) and will expand to include spectral line imaging in FY2025
when the VLA moves to D-configuration where most spectral line science occurs.

The NRAO Archive interface for VLA and VLBA data was refined to better support data discovery
by users. Within the archive interface, users are now able to access full target and spectral window
metadata to determine if an archival dataset will be useful for their science. Data processing
workflows that provide users with calibrated measurement sets have been updated to enable
better workflow maintenance, tracking, and metrics.
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VLA Sky Survey

The VLASS captures the full sky visible from the VLA (34,000 deg?) at unparalleled resolution.
Designed as a synoptic survey to capture the dynamic radio Universe, the VLASS observes the
full sky in each of three epochs.

Observations of the second half of the third epoch of VLASS, VLASS 3.2, started in May 2024
and continued until October 2024. Quick Look image production for VLASS 3.2 started in Q3 and
will complete in Q1 FY2025.

Production of the higher quality Single Epoch images from VLASS Epoch 2 data, which began in
FY2022, continued during FY2024 and will continue throughout FY2025. The focus in FY2024
was the production of a training set of images to develop and test algorithms for automating the
quality assurance of the majority of SE images. The development team continued to work on a
pipeline to combine data from all three epochs, as well as implementing improvements to assist
the automated quality assurance process for SE imaging, and testing of a GPU-based gridder.
Finally, an external review of the fourth Epoch proposal from the VLASS SSG took place on 17
September. As such, a decision was taken to conduct observations for an Epoch 4.1 starting in
Q4 FY2025, followed by a change of focus from observing to SE data processing and the
development of enhanced data products.

The Bow Tie Nebula (NGC 40), a planetary nebula, is seen in the light of free-free emission both in the
VLASS SE continuum image (left) and in the optical (right). This demonstrates both that VLASS matches
the resolution of optical surveys and the high fidelity of VLASS SE imaging, even for very extended (~ 1
arcmin) objects.

Scientific Staff

A productive and scientifically active staff is a prerequisite for the successful operation of a cutting-
edge national observatory. The scientific staff is key to telescope testing, operations, user support,
and long-range development and planning, as well as promoting productive scientific exploitation
of the Observatory’s capabilities. The NRAO has a world-class staff of ~80 astronomers, computer
scientists, and research engineers, recognized internationally for their excellence in telescope
design and support, as well as their technical and scientific knowledge and leadership.
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The scientific staff is fully integrated into Observatory operations. All staff members have clear
functional duties relating to the Observatory’s mission and facilities. Staff members also lead
efforts in educating the professional astronomy community, as well as public outreach—fostering
a scientifically literate society. A vibrant scientific staff, engaged with the community, is a required
element in the full realization of the scientific potential of the NRAO facilities by the astronomical
community.

SSR has primary responsibility for the research environment at the NRAO, and for oversight of
the scientific productivity of staff with a research component to their role. SSR oversees the
research aspects of all astronomers, computer scientists, and research engineers and is involved
in recruitment and other HR issues involving scientific staff. Specific SSR responsibilities include
implementation and evolution of scientific staff policy, oversight of funding to support research-
related travel and computing needs for scientific staff, annual scientific performance appraisals,
scientific staff hiring, and academic promotions. SSR also provides funds to support a scientific
visitors program, scientific meetings, the colloquium series at each site, and the Jansky
Lectureship which recognizes outstanding contributions to the advancement of radio astronomy.
The 2024 Jansky Lecturer was Dr. Ken Kellerman.
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The 2024 Jansky Lecturer Dr. Ken Kellerman, Senior Astronomer, Emeritus of the National Radio
Astronomy Observatory.

Artist’s impression of galaxy NGC 253, studied by ALMA with the ALCHEMI project.
Credit: ALMA.
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DATA MANAGEMENT AND SOFTWARE

The Data Management and Software (DMS) Department delivers scientific computing
infrastructure, software, and algorithms to support current Observatory functions and to develop
new capabilities for future needs. The department consists of Scientific Information Systems (SIS),
Software Development, and the Algorithm Research and Development Group (ARDG). DMS works
closely with the ngVLA project and Information Services. Computing management and personnel
supporting the development of the ngVLA project are matrix managed by DMS.

DMS Development

ngData Processing System: DMS in conjunction with the ngVLA and ALMA-WSU projects has
been conceptualizing and identifying requirements for a next generation data processing system.
Substantial progress in FY2024 was made with identification of a complete set of requirements
and the definition of a conceptual architecture. With the addition of a project director for the Radio
Astronomy Data Processing System (RADPS) ALMA project, the RAPDS program office was
established and staffed and has been charged with developing the programmatic and technical
details of the program.

Telescope Time Allocation Tools: In cooperation with the SSR department and Green Bank
Observatory, DMS is developing a new suite of tools to support the proposal and review process.
This new generation of tools is designed to reduce the telescope specific knowledge required to
successfully apply for time on the AUI North American telescopes and will support the proposed
next generation VLA as well. During FY2024, the project implemented key simulation capabilities,
simplifying developer and tester workflows and increasing testability and maintainability of the
software. Interfaces, view, and reports supporting the time allocation process were developed
and demonstrated to key user groups. Management responsibility for this project has been
returned to the SSR group although DMS will continue to stay involved as the development team.

Algorithm Research and Development Group (ARDG)

The NRAO Algorithm Research and Development Group pioneers algorithms necessary to
support the scientific objectives of the Observatory. Currently the expertise within the ARDG is
working closely with the ngVLA and ALMA WSU projects to understand the processing challenges
posed by the projects.

In FY2023, the ARDG initiated the development of a scalable Algorithm Architecture in support of
the development of a next generation data processing system. Involving staff from multiple groups
within DMS. This framework will design a next generation system and help develop a consensus
for the system architecture. Beginning in FY2023 and continuing through this year, the ARDG is
prototyping standalone relocatable implementations of specific architectural components. These
prototypes will be used to evaluate the candidate architecture and perform critical stress-tests to
better inform the design.

GPU Imaging: Building on a 2023 simulation of ngVLA data at restricted scale, the ARDG worked
with the Partnership to Advance Throughput Computing (PATh) facility to produce simulated
ngVLA data to verify critical algorithms necessary for calibration of the ngVLA data. In addition
to pushing the NRAO software, this pioneered the scaling-up of the PATh facility itself from its
current size and the ARDG will be one of the first users/testers. This involvement as early users
of the scaled-up PATh facility is useful to both partners but has impacted the schedule for the
creation of the ngVLA simulation. During the first half of the year, DMS successfully simulated

The CARTA package allows astronomers to visualize large datasets with different map projections.
Credit: CARTA international team of scientists and developers.
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ngVLA data to verify the software, and tested deployment of it on PATh. Runtime measurements
were made to estimate resource requirements for at-scale simulation of a ngVLA data set for
use in verification of ngVLA size-of-computing estimates. While estimates imply that the
computing resources may be available via PATh and Open Science Grid, the resources for
storage and processing such a data set are not yet available. The current plan is to simulate
and process scaled-down data sets for ngVLA. The necessary technical work for this was
completed in the latter half of the year. Progress for processing it for algorithmic and computing-
size verifications is currently resource limited. ARDG also collaborated with the DMS Science
Information Services (SIS) division to assess the run-time performance of the current code and
evaluate the algorithm architecture to better inform the size-of-computing estimates for the
ALMA WSU and ngVLA projects. This work continues and is being done using both in-house
and with PATh resources.

Wide-scale imaging R&D: This exploratory R&D effort seeks to correct differences in instrument
response as a function of the wide range of spatial scales instantaneously sampled by ngVLA, multi-
configuration JVLA, and ALMA. Initial software was developed and numerical tests performed to
evaluate the concept in FY2023. Based on that preliminary investigation, a better characterization
of the problem and further work was initiated, and a proof-of-concept demonstration done as a
prototype during FY2024. Work is in the advanced stages for developing post-imaging tools
necessary to evaluate the results and for scientifically documenting this work (scientific publication).
This initiative also required modification of the existing infrastructure software to enable more
realistic tests with application to ngVLA and other similar telescopes. Depending on the results of
this research and working with the NRAO Technology Transfer office, a provisional patent may be
pursued prior to scientific publication.

As an expected side-effect, this work also led to improvements in the imaging performance of the
ASP-Clean (Adaptive Scale Pixel) algorithm already distributed in the Common Astronomy
Software Applications (CASA) production software, and in its wide-band version (the WASP
algorithm). The WASP algorithm has since been also made available for validation and release in
the CASA software package.

LibRA (Library for Radio Astronomy) Project: This is a new initiative to develop a reusable
library of algorithms without explicit dependence on radio astronomy domain concepts and data
models. The product is expected to be usable for the next generation of data processing systems
within the NRAO and by external groups in the radio astronomy community, and for non-radio
astronomy applications. Exploratory work done since FY2023 evaluated the feasibility of
extracting algorithms from the existing CASA suite. In FY2024, the architectural components
necessary for imaging were developed and tested by application to existing large VLA data sets
which could not be otherwise imaged due to excessive runtime. This enabled the deployment of
the Algorithm Architecture at a scale that is order of magnitude larger than previously possible.
Work toward deploying at even larger scale using NSF-funded computing resources distributed
across the U.S. is now in progress. To support this work, ARDG is pursuing a supplemental
funding proposal.

Scientific Information Services

The restructured Scientific Information Services (SIS) division is focused on providing the
technical infrastructure to support the scientific operations of the Observatory. The SIS division
works closely with the Information Technology (IT)-centric Computing and Information Services
(CIS) division (Section 9). There are three major functional groups in SIS and SIS had three core
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goals for FY2024: Securing Existing Systems, Continuing Operational Support, and Preparing for
Next Generation Instruments.

Securing Existing Systems

The Observatory will continue to make progress in increasing the security and resiliency of
existing compute systems.

NRAO Archive Backup: In FY2024, SIS completed a project to develop and prototype software
and procedures for creating a tape-based second backup copy of the NRAO Archive that is
geographically distant from the other two copies (the production storage systems and a nearby
copy located in a different data center). This tape-based third copy of the Archive is intended for
disaster recovery and risk mitigation in case of an event affecting the other two. Building on the
earlier development and prototyping, a subsequent part of the project targeting the
implementation of the full tape backup was delayed due to resource (funding) issues. In FY2025,
DMS will commission the additional hardware needed to complete the full tape backup, begin the
backup, and re-baseline the delivery date.

System Access Security: In FY2024, SIS began work to design and implement a layered
network segmentation strategy to protect NRAO compute assets while also providing simple,
secure access to NRAO compute resources and data for external observers. Prototyping network
segmentation technology surfaced a missed prerequisite to first isolate observer access to these
protected resources from staff access so the two can be handled differently, and the
implementation was deferred. In FY2025, SIS will address this preliminary requirement by
commissioning observer-only bastion hosts in New Mexico and Virginia (and studying the impacts
of doing so in Green Bank), and then further secure resources by enabling multi-factor
authentication on the staff-only bastion hosts.

Additionally, the project to upgrade all SIS managed systems to RHELS8 that was begun in FY2024
was reorganized to focus on upgrading systems with external exposure first, and SIS has revised
and updated its use of an industry standard configuration management system to help provision
these systems in a uniform manner and keep them up to date. Work is ongoing and expected to
be completed in FY2025.

Continuing Operation Support

In FY2024, SIS reorganized into workgroups with functional non-geographic responsibilities:
support for instruments and operations for the ALMA, Green Bank, VLA, and VLBA has been
consolidated and is the domain of the Instrument and Scientist working group. This group directly
supports the day-to-day telescope operations for reliable data delivery to the archive for pipeline
processing and community access. They ensure that telescope capability development projects
are appropriately staffed, with resources assigned based on commitments and timelines defined
within the Program Management Department (PMD), and in coordination with local operations
support priorities.

E-Transfer (VSG): VLBA Operations developed a procedural framework for the electronic
transfer of incoming data from non-NRAO VLBI stations over the Internet, which included the
requirements for an e-transfer filesystem in the DSOC for staging transferred data. In FY2024 SIS
worked with the Observatory’s security officer to review and audit the proposed design and then
helped configure the interface server the E-Transfer system depends on. In FY2025, SIS will
continue to work with VLBA Operations installing and configuring other aspects of the system.
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Data Buffer Server (VSG): In FY2024, SIS deployed Data Buffer Servers to all VLBA sites and
coordinated the installation and testing with NM Ops around maintenance windows. Deployment
included the development and testing of procedures for standard Hardware, OS, and Networking
installation.

ALMA Observatory Monitor and Control (ASG): In FY2024, SIS continues to support bug fixes
and improvements to the Observatory Monitor and Control GUI (OMC) and Dashboard software,
as NA'’s contribution to the EU-lead Observatory Interfaces team.

ALMA Pipeline Operations (ASG): SIS delivered improvements to ALMA Pipeline Operations,
including migration away from the current cluster resource manager, Torque, to a more modern,
cost effective, and maintainable option, SLURM.

Preparing for Next Generation Instruments

In FY2024, SIS assessed the needs of future computing requirements and adjusted its processes
to provide a more forward-looking posture. Projects range from support of near-term deliverables
to strategic developments designed to modernize NRAO computing for the challenges of ALMA-
WSU and ngVLA.

VLBA New Digital Architecture (VNDA): In FY2024, SIS assisted the VNDA project in
commissioning single-server container orchestration software on VNDA systems. This system
supports the deployment and maintenance of the VNDA system using modern container-based
software. Three systems have been delivered using these technologies, and in FY2025, SIS will
proceed with the deployment of the remaining systems.

GPU Processing: In FY2023, testing began on GPU processing both for VLASS and future Radio
Astronomy Data Processing needs. In FY2024, plans for SIS to install additional GPUs on the
cluster used for VLASS processing were put on hold due to resource issues. This project will
resume in FY2025.

RADIAL: Project RADIAL addresses current and future astronomy big data challenges while
cultivating a diverse and globally competitive STEAM workforce. FY2023 targets for the
documentation and support of RADIAL clusters were delayed due to supply chain issues. Once
hardware is available at our partner institutions, SIS will complete the delayed targets by
supporting creation and deployment of the first cluster based on the prototype, along with system
administration guidelines to support local management of the cluster.

Cluster Orchestration: In FY2024, SIS prototyped next generation compute cluster
orchestration, both on-premises and in the cloud, and demonstrated container-based applications
running on both. In FY2025, SIS will build on this work to commission production-worthy on-
premises cluster orchestration and then migrate The Observatory’s first observer-facing public
web application to it. Additionally, SIS will work with the software development teams in DMS to
define and document a standard continuous integration/continuous deployment platform, then
implement it and migrate the first DMS software project to it.

Next Generation Data Storage: Several data storage systems at the NRAO are continually near
capacity, are challenging to add additional storage too, and require significantly more
maintenance than other storage solutions. In FY2024, SIS started, but then deferred a project to
examine state-of-the-art data storage technologies and prototype a next generation storage
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cluster in favor of effort to define and document Observatory-wide data storage policies and detail
plans for implementing them, a project that was deemed higher value and contributes to a better
understanding of the requirements of any new storage technologies. In FY2025, SIS will return to
complete the delayed storage technology and prototyping project.

Software Development

DMS Software Development maintains and upgrades subsystems supporting the site-specific
operations (ALMA, VLA, and VLBA) and systems. Major subsystems include: observation
management, telescope monitor and control, telescope scheduling, data reduction, and data
archiving.

During FY2024, DMS software continued to define and prototype the next generation Data
Processing Architecture. This architecture must support not just the current telescopes but will be
developed in conjunction with the ngVLA and ALMA WSU to support the challenging requirements
of those projects. CASA is evolving as part of the next generation of architecture. DMS software
has established its user experience practice area, taking a customer-oriented approach to design
interfaces and prototyping of scientific user interfaces to NRAQO’s data reduction systems that
support users of ALMA and future users of the ngVLA.

Operational Data Sharing (ODS) is a collaboration to provide information to SpaceX that can
result in their satellites entering a mode that avoids interfering with GBT and VLA observations.
During FY2024, the project was launched and a collaborative team established between GBO
and VLA software teams to build on a proof of concept to develop the system.

ALMA System Software

ALMA priorities are set at the JAO in cooperation with the other partners and may change. Many
areas of work depend on coordination with JAO resources. During FY2024, the NRAO worked
closely with the JAO and partners to address the highest priorities as efficiently as possible.

ALMA Control Subsystem: Bug Fixing: The Control subsystem team addressed prioritized
operational issues and bugs. Important bugs are fixed at high priority while lower priority bugs were
scheduled to be fixed at a later time and became available to ALMA operations in planned software
updates.

ALMA Control Subsystem: Infrastructure Upgrades: In FY2024, upgrades included changes in
usage and libraries used for the Controller Area Network (CAN) communications between many
ALMA hardware and software components. These libraries are approximately 20 years old and their
usage can be significantly simplified by using improvements in the C++ language. These changes
reduce the effort required to switch to using Ethernet to CAN (E2C, see below). The team also
migrated to the next generation of code generation libraries for obsolescence mitigation.

ALMA Sustainability Project: Ethernet-to-CAN (E2C): As part of the ALMA Sustainability
Project, DMS has an initiative to address some of the most pressing obsolescence issues facing
the Control subsystem. The ALMA Control group has completed the first phase of a project to
replace the ALMA real-time computers. Purchased in 2010, the computers are responsible for
controlling and monitoring nearly all of ALMA operation. Phase 1 of the project, largely completed
in FY2021, designed an architectural change for the next generation of real-time computers that
adopts standard computers which can be easily upgraded, moves the real-time code into
firmware, uses a new generation of processors, and lays the groundwork for faster monitoring
and control that is expected in the next decade.
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The primary architectural change is to functionally partition the existing real-time computers into
two parts, the Control platform and the Ethernet to CAN translator. Phase 2 of the E2C project
turns the proof-of-concept developed in Phase 1 into a production-quality prototype. Phase 3
covers the testing and verification required to pass the requirements for a Critical Design and
Manufacturing Review (CDMR). And Phase 4 covers the manufacturing and delivery of the
system to the JAO for deployment.

The team conducted on-sky testing in Q1 FY2024, as well as preparing for a PDR in early Q2.
The project entered Phase 3 after successful completion of the delta-PDR in Q3, and has been
preparing for a Critical Design and Manufacturing Review (CDMR) in October 2024, concluding
Phase 3.

ALMA Sustainability Project: Final Adder (FNL): As part of the ALMA Sustainability Project,
the Correlator team is working to upgrade the interface between the correlator hardware and the
Correlator Data Processing (CDP) cluster from DPI/hpdi32 to 10Gb Ethernet. Changing the
interface to use 10Gb Ethernet allows for more commercially available hardware options, industry
standard communication links, and well-supported device drivers. In addition, it reduces the
number of CDP nodes from 16 to 4, simplifies the data ingestion into the CDP nodes, and allows
for debugging with industry-standard tools.

Due to competing resources between the Advanced Technology ALMA Correlator (ATAC, see
below) and ALMA WSU efforts, the Final Adder software work was intentionally deferred during
FY2024. Effort is underway to re-prioritize the project for completion during FY2025.

New ALMA Correlator, Advanced Technology ALMA Correlator (ATAC): The ALMA software
team at NRAO submitted a proposal for the next generation ALMA Correlator as a Co-PI with
NRC to the ALMA Development Program. This Advanced Technology ALMA Correlator (see also
Section 2.2.1) will provide a large range of new capabilities as part of a five-year proposal with
the aim to be ready for science observations in 2028. During FY2024, a successful delta Systems
Requirements Review (SRR) and Preliminary Design Review (PDR) was completed in Q2.
Milestones for the ATAC project are tracked through the separate ATAC award.

ALMA Baseline Correlator Subsystem: Bug Fixing and Improvements: The Correlator
subsystem has maintained and supported baseline correlator operations. Improvements to the CAN
interface and adaptation to the E2C project took place.

ALMA Scheduling Subsystem: Technology Improvements: During FY2024, the planned re-
implementation of the DSA Algorithm and Service layers was deferred due to competing priorities
with Cycle 11 and the ALMA WSU planning.

ALMA Scheduling Subsystem: Bug fixing and Operational Improvements: The Scheduling
subsystem provided maintenance and operational support during FY2024 to ensure the existing
scheduling software functioned reliably and that all the mandatory requirements needed by
stakeholders for the observing cycle were implemented, tested, and available.

Science Data Model: Performance Updates and Improvements: The Science Data Model
(SDM), which is the metadata that describes a given observation, is shared between three major
stakeholders: ALMA, the VLA, and CASA. The data model is maintained by the software group
at the NRAO. An SDM study was initiated in FY2024 to assess changes that will be required due
to planned WSU projects and projected bandwidth increases.
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New Mexico System Software

The responsibilities of this group involve the system software for the VLA and VLBA— primarily
monitor and control, but also other operational functions, notably dynamic scheduling.

VLA System Software: During FY2024, much of the team’s work involved maintenance,
including troubleshooting and bug fixes. The group has spent significant time working with NM
Operations to improve system performance. Deployments for Pl observing use for Semesters
2024A and 2024B occurred in Q1 and Q3, respectively. Similarly, software supporting
commissioning new capabilities during 2024A and 2024B were incrementally made available in
Q2 and Q4.

VLA Observing Preparation Support: Two software releases for the Observation Preparation
Tool (OPT) took place in FY2024: Version 1.33 during Q1 and Version 1.34 in Q4. Both releases
provided fixes and functional improvements.

VLBA System Software: Support for VLBA commissioning and observing followed the same
deployment cycles as the VLA. Software support for deployment of Data Buffer Servers continued
in FY2024. Support for deployment of the new e-transfer file system and real time correlation
continued throughout FY2024.

VLBA New Digital Architecture (VNDA): NMSS supported the successful VNDA preliminary
design review. The VNDA team will begin on the sky testing as soon as VNDA hardware is
deployed to sites.

CASA

Development of the CASA package continues to emphasize support for VLA and ALMA post
processing. During FY2024, the NRAO added capabilities in support of current operations while
also positioning CASA to handle future upgrades to ALMA and the anticipated demands of
ngVLA-scale processing. CASA continued with the frequent release strategy that was established
over the past two years, and the group coordinated with the Pipeline team and SSR to provide
validated deployments for users.

Design and Prototyping for next-generation CASA: In FY2024, CASA engaged in design and
prototyping activities for RADPS-related areas aimed at significantly improving performance and
scalability. CASA worked alongside the systems group of the DMS department and ngVLA/ALMA
stakeholders to ensure compatibility between data processing software architecture and system-
level operations plans of the ngVLA telescope and the ALMA WSU project. Prototyping and
development efforts during FY2024 were targeted towards the support of specific large ALMA and
VLA use-cases whose processing and performance requirements currently stretch the existing
CASA software beyond its optimal operating parameters.

Support for (ngVLA) Antenna Commissioning: In FY2023, CASA developed and validated
software to support antenna commissioning activities for the VLA, thus filling a feature gap within
the CASA software suite and establishing a foundation for future support of the ngVLA prototype
antenna commissioning project. In FY2024, CASA continued to engage with ngVLA stakeholders
to develop ngVLA-specific components within these tools. The overall schedule for antenna
commissioning has been delayed.

Improved Performance for VLASS Imaging: In FY2022, a prototype of GPU software to speed
up image processing for the VLASS project was transferred from the DMS ARDG to CASA. In
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FY2023, CASA integrated this GPU library with production software and algorithms, and
upgraded the production build system in order to efficiently support it. In FY2024, CASA provided
maintenance and packaging support for its integration, test, and deployment within VLASS
pipeline operations.

CARTA: Work on the Cube Analysis and Rendering Tool for Astronomy (CARTA) visualization
software will continue through the collaboration with the Academia Sinica Institute for Astronomy
and Astrophysics (ASIAA) CASA Development Center (ACDC) and the South African Institute for
Data Intensive Astronomy (IDIA) with the intention of improving the user interface and expanding
capabilities to allow CARTA to fully replace the old CASA viewer. CARTA is now routinely used
for interactive image visualization. In FY2024, work continued towards development and
maintenance.

Interactive Masking: Interactive masking during image reconstruction requires a custom-built
interface that goes beyond the old CASA viewer. In FY2023, CASA developed a prototype and
continued development towards an alpha release. In FY2024, CASA provided a usable
replacement to the old CASA viewer for interactivity during image reconstruction.

Additional Collaborations: CASA has continued its partnership with the Joint Institute for VLBI
in Europe (JIVE) to support tasks that enable the use of CASA for VLBI data. CASA also continued
its partnership with the NAOJ to support tasks specific to single-dish analysis for the ALMA
pipelines. In FY2024, CASA included VLBI/VLBA and Single-Dish development work in the
continuous releases to the community, and engaged with JIVE and NAOJ partners to extend
design and prototyping activities for next-generation CASA to include these VLBI and Single Dish
use-cases. The CASA team supported and developed new imaging and calibration algorithms
through a close connection to the NRAO ARDG. Representation and support for users of non-
NRAO and non-ALMA telescopes continued on a best-effort basis. CASA worked with
stakeholders to schedule the migration of remaining features currently present only in the
Astronomical Image Processing System (AIPS).

CASA Pipeline

The CASA Pipeline is evolving to support ALMA, VLA operations, and SRDP/VLASS. A major
release took place in Q1, supporting both ALMA and VLA operations.

For ALMA, the release included improved infrastructure and Python dependency management,
simplified Pipeline task-building procedure, and full compatibility with Python 3.8. New capabilities
included self-calibration in the ALMA pipeline, calibration for the ALMA polarization data, and a
new continuum subtraction workflow based on the more efficient new CASA uvconstub task, with
improved continuum finding algorithm. Performance and resource usage optimizations were
included in both interferometric and single-dish processing. New comprehensive ALMA
regression test suites with improved code testing coverage were provided. The ALMA release
was accompanied by the latest ALMA pipeline heuristics description presented in a peer-reviewed
journal article (Hunter et al. 2023).

For the VLA, the release included new band/antenna-based manipulation capability for syspower
calibration, new heuristics of using the wproject gridder for L-/S-band imaging, options to
completely or partially disable bad deformatter flagging, and various smaller improvements and
bug fixes.
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An additional release with improved ALMA/VLA self-calibration heuristics and enhanced support
in the SRDP reprocessing interface has been delayed to Q1 FY2025.

A pipeline update in Q4 served as a test release for ALMA Cycle 11. The pipeline will continue to
improve VLA calibration and imaging, SRDP capabilities, and VLASS Single Epoch processing.

Science Support and Archive (SSA)

The SSA group is responsible for the NRAO Archive and most of the user-facing software to
support NRAO telescope use. In addition to bug fixes, the group updates the software functionality
and user interfaces and provides integration. The SSA team provides the software engineering
for the new suite of Telescope Time Allocation tools.

Identity and Access Management (IAM): The SSA team provides the user authentication and
authorization service the NRAO uses to protect access to all astronomer-facing applications that
involve proprietary data such as the PST, archive, and OPT. Plans to commission a new IAM
service in Q4 were deferred due to competing priorities and resource constraints. The IAM project
will be replanned and scheduled during FY2025.

NRAO Archive: In FY2022, the legacy archive was deprecated and was replaced by the new
archive (https://data.nrao.edu). The legacy archive still provides infrastructure upon which the
new archive relies. During FY2024, the SSA team continued to work with the Science Ready Data
Products (SRDP) program to add more user-requested features to the archive as detailed in
Section 6.4.1. During FY2024, SSA also continued planning with the GBO Software Division to
increase support for GBO data in the Archive Access Tool. A milestone to decommission the
legacy archive was unable to be completed in FY2024 and has been rescheduled for late FY2025.

Proposal Process Support: The Proposal Submission Tool (PST) and Proposal Handling Tool
(PHT) have been maintained and updated to support NRAO and GBO observing, with the PST
updated in Q1 and Q3 for the Semester 2024B and Semester 2025A Calls for Proposals, and the
PST and PHT updated in Q2 and Q4 for the Semester 2024B and Semester 2025A TAC process.
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CENTRAL DEVELOPMENT LABORATORY

The CDL mission is to support the evolution of NRAO facilities by developing the technologies
and expertise critical for the next-generation of radio astronomy instrumentation. CDL-developed
technology is integral to all NRAO-operated telescopes and to many other radio telescopes
around the world, and so, another important mission of the laboratory is providing maintenance
and upgrades to these instruments. CDL maintains a staff of ~50 personnel organized into teams
of engineers and technicians working across crucial radio telescope technologies, including digital
design and signal processing; low noise amplifiers; millimeter and submillimeter detectors; optics
and electromagnetic components; and new receiver architectures. The laboratory is the world
leader in the application of many of these technologies to radio astronomy.

In addition to these traditional mission areas. the CDL is providing engineering capability for new
initiatives in the Observatory, including engineering development for Advanced Spectrum
Monitors (ASM) and in planning and design of the next generation radar (ngRadar) project.

CDL also supports the greater NRAO mission of developing the next generation of
instrumentation engineers and scientists and advancing inclusive participation in science and
engineering by:

e Hosting Jansky post-doctoral instrumentation engineers and scientists;

e Hosting post-doctoral and co-op engineers as part of CDL’s Engineering program;
Advising, mentoring, and employing undergraduate and graduate engineering and astronomy
students, and,;

o Participating in undergraduate summer student and graduate co-operative engineering
programs.

The NRAO continued to operate three of the world’s most powerful and unique radio
interferometers, the VLA, VLBA, and (in cooperation with its international partners) ALMA. The
NRAQO, in collaboration with the U.S. radio astronomy community at-large, continued to plan and
develop an engineering design for a next-generation Very Large Array (ngVLA) which passed a
significant milestone of a successful Conceptual Design Review in late FY2024. By participating
as members of several Integrated Product Teams, CDL actively supported this process
throughout FY2024.

CDL continued to engage in cross-observatory repair, maintenance, support, and in several
programmatic and work-for-other construction projects. All this while carrying out design and
development of technologies for future instrumentation— including for the ngVLA and for ALMA.
In addition, CDL continued investigating new and emerging technologies that have the potential
to advance the state-of-the-art in instrumentation.

A key component of CDL’s strategic plan is establishing talent pipelines into the laboratory. These
pipelines consist of co-op students, summer interns, and post-doctoral fellows. A significant
achievement in the effort to establish such pipelines, as well as to address the Observatory’s
mission of advancing inclusive participation in science and engineering, was secured in FY2022
by a grant from the Heising-Simons Foundation to establish a Women in Engineering (WIE)
program at the laboratory, which was designed to support four women co-op students and two
women post-doctoral fellowships at CDL over six year period.

Overall, in the last five years CDL has established a robust talent pipeline, hosting a total of 13

Sub-Kelvin Dewar system. Photo by Jeff Hellerman (US NSF./ AUl / NSF NRAOQ).
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co-ops and summer students, including four as part of the WIiE program. CDL has hosted two
post-doctoral fellows, one as part of the WIE program, and hopes to add a second WiE-sponsored
post-doc fellow in 2025.

CDL continues to work with the NRAO Technology Transfer Manager to commercialize
technology developed in the laboratory. At present, patents have been issued for 17 CDL
inventions, six of which have been licensed.

Repair, Maintenance, Production, Support

The CDL core production and support activities for FY2024 are described in the following
paragraphs.

Low Noise Amplifiers (LNA): The low noise amplifier group continued production, maintenance,
and support of CDL-produced amplifiers. In FY2024, the CDL amplifier group provided support
for all VLA, GBT, and VLBA receivers in the field (a total amplifier population of about 1000
amplifiers in all). The CDL amplifier group also refurbished ALMA Band 6 IF preamplifiers for the
receivers on the ALMA telescope. The LNA team used Diramics (Switzerland) devices in
rebuilding Millimeter-wave Integrated Circuit (MIC)-based IF preamplifiers for use with ALMA
Band 6 mixers. During FY2024, the LNA group also started the redesign of an L-band VLA
amplifier using Diramics devices as a potential replacement for transistors in the event of failure.
The laboratory’s LNA group also continues to support the cryogenic amplifier needs of the greater
radio astronomical community as Work for Others (WFO) outside the Observatory’s NSF award.

Millimeter and Submillimeter Receivers (MSMRXx): During FY2025, the CDL MSMRx group will
continue to support the offsite maintenance of the ALMA Band 6 receivers originally built by the
NRAO, with focus on maintaining a sufficient quantity of spare mixers and preamplifiers. As
capacity allows, the MSMRx team will continue to support broader community projects, such as
the Large Millimeter Telescope (LMT, University of Massachusetts), Arizona Radio Observatory
(ARO) 10 m Telescope on Mt. Graham, the South Pole Telescope (SPT), and the ASIAA
Greenland Telescope (based on the Vertex ALMA prototype antenna). With the exception of
ALMA support, these, and possible other activities for outside customers, are categorized as WFO
and will be undertaken only when they do not interfere with NSF award tasks.

Several Tier-3 component test setups and Tier-2 LRU-test stations use software suites that have
been rendered obsolete and unmaintainable due to the natural progression of operating systems
and software platforms. This has necessitated implementation of several manual work-around
procedures that introduce delays. Such software obsolescence issues exist in many CDL and
MSMRXx sub-systems. The campaign to develop new software for both new and existing test
systems for Tier-3 components as well as test systems for Tier-2 LRUs continued in FY2024.
There are two software engineers working on development and obsolescence mitigation for
several CDL and MSMRXx sub-systems.

To help with expedited acceptance testing of Band 6 cartridges, one of the two mixer test sets
and one of the two cartridge test sets were dedicated for and kept operational throughout the
year. Progress was slowed due unexpected failures in both repaired cartridges as well as the test
set hardware; nevertheless, one repaired Band 6 cold cartridge assembly was shipped to the OSF
after completion of all post-repair testing during the course of the year. One additional repaired
cartridge is nearing its acceptance test completion. The support team is down to the last few
broken Band 6 cartridges that need to be fixed, but progress is hindered by the scarcity of spare
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optics components (specifically, RF horns and OrthoMode Transducers) to mix and match. During
FY2024, five additional Band 6 OMTs were fabricated and added to the spares pool.

Integrated Receiver Development (IRD): The IRD group continues to provide micro-assembly
and micro-fabrication support to the engineering teams at our labs and telescope facilities. In
FY2024, this included assistance in troubleshooting integrated modules in active user instruments
as well as wire-bonding and test-support for various groups at the CDL (completing milestone
5.3.18). The IRD group has specialized experience with integrated hardware and strives to keep
that institutional knowledge current within all of the Observatory’s departments.

ALMA Offsite Hardware Support: The details of the repair, maintenance, production, and
support activities of this CDL-based group are included in Section 2.3.

The CDL offsite hardware support team provided extensive support to ALMA operations during
FY2024, this effort included software and firmware support (bug fixes, implementation of new
requested features), providing expertise to diagnose and fix problems during telescope operations,
and repairing and returning broken LRUs removed from service. In all, 25 Front-end LRUs (including
receiver cartridges), 20 Warm Cartridge Assembly LRUs, and 66 Back-end Local Oscillator and
Photonics LRUs were returned to the ALMA site after repairs. A few notable LRUs (not a
comprehensive list) that were repaired during FY2024 are: Band 6 Cold Cartridge Assemblies, FE
Monitor Control, Warm Cartridge/Local Oscillator Assemblies (a mix of various bands), Sub-Array
Switches, LO Photonic Receiver fiber cables, and the LO Reference Test Module. Lower level
hardware repair was carried out on 193 sub-assemblies during this period. Hardware for the FE
Test and Measurement Systems including the IF processor modules and tilt tables were also
repaired/replaced or worked upon during FY2024.

In FY2024, a FE team of four NA staff members visited the OSF laboratory during the February
shutdown period to provide onsite support by upgrading FE test systems and assisting with
assembly, integration, and verification of the Band 2 receivers in the ALMA cryostat. A member of
the photonics support group also visited the OSF laboratory to assist with the acceptance testing
and installation of the new hydrogen maser manufacturer for the ALMA observatory.

The Ethernet to CAN project (E2C) was another effort that was supported by the offsite support
group staff. The E2C project is an obsolescence mitigation effort focused on replacement of the
legacy real-time computing platforms with an Ethernet enabled embedded computing platform.
Following phase 2 of this effort executed in FY2023 which resulted in a production-quality prototype
and its onsite testing, during FY2024, a CDL-led campaign was carried out to validate its vibration
and EMC compliance of the E2C prototype. The CDL support group also helped to develop
documentation required for the upcoming critical design review for the project.

In FY2024, the LO support team of the offsite support group was involved in three WFO construction
projects outside the Observatory’s NSF award. This team built and delivered components for one
ALMA Band 6 Local Oscillator article to the Chalmers University of Technology (Sweden),
completing milestone 5.3.19. Additionally, two ALMA Band 1 LO sources were built and delivered
to the ASIAA and one ALMA Band 6 warm cartridge assembly was manufactured and delivered to
the Netherlands Research School for Astronomy (NOVA) for use on the Large Latin American
Millimeter Array (Argentina), under purchase orders that were received by the NRAO. The team
also helped to diagnose problems with a previously delivered Band-7 local oscillator assembly to
the Swedish-ESO PI receiver for APEX consortium (SEPIA). The LRU is currently on its way back
to NRAO for repairs. This addressed milestone 5.3.20.
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CDL Development Plan

As described in the FY2024 POP, the CDL Research and Development (R&D) efforts were aimed
at supporting the following NRAO Strategic Goals:

¢ Developing technologies necessary for the long-range objectives of the Observatory, and
e Advancing the state-of-the-art in mission-related technology.

Low Noise Amplifiers (LNA): The low noise amplifier group has been developing amplifiers
for ngVLA and ALMA Band 6v2. Different technologies are being used and new devices are
being explored to build amplifiers that can meet the challenging requirements for these projects.
In this context, the group’s activities for FY2024 are summarized as follows:

Amplifiers using MMIC technology: In the past, the LNA group designed and fabricated
amplifiers based on Millimeter-wave integrated circuit (MIC or chip and wire) technology
exclusively. For multi-receiver projects which require a large number of amplifiers (such as
ngVLA) as well as for designs requiring higher component density, MMIC technology is more
appropriate. During FY2024, three MMIC designs for ngVLA Bands 2 to 4 were submitted to
the Northrop Grumman Corporation foundry. The MMICs designs have been approved and
are currently under fabrication, with delivery scheduled for Q1 FY2025. The design of the
assembly blocks has been completed.

<

ngvla

NORTHROP
GRUMMAN

\Eﬁl@@‘aﬂa\m

@[‘g \D@%

mrn"== -

(Left) MMIC LNA designs submitted to NGC. (Right) Design of the block that will be used to test the MMICs.
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Collaboration with Diramics AG: Diramics AG, a Swiss company based near Zurich,
produces InP-based pHEMT (p-type High-Electron-Mobility Transistors) devices that are
capable of ultra-low noise performance. Assessment and testing of Diramics-produced
devices and technology and determining their suitability for state-of-the-art CDL produced
LNAs is extremely important. During FY2024, several devices from Diramics were tested.
Devices from the latest wafer of standard transistors enabled reduction in the noise
temperature of the amplifier by approximately 6% compared to its performance using
transistors from previous Diramics wafers. Experimental transistor samples from the latest
wafer were measured using the Band 6v2 LNA prototype amplifier design, which achieved an
average noise reduction of 25% compared to the one implemented using a standard
transistor, and without requiring any redesign of the amplifier. Due to the limited number of
samples available, further optimization was not possible. However, Diramics has scheduled
the production of additional experimental devices in FY2025, which could be used to design
an enhanced amplifier.



Diramics AG has also initiated the development of a new MMIC process, which offers the
advantage of the availability of cryogenic models for the transistors to aid with amplifier design.
To evaluate this process, a new MMIC designed for ALMA Band 6v2, and has been submitted
to the foundry for fabrication. The MMIC amplifiers are scheduled to be received and tested
during Q2 FY2025.
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Noise comparison of the ALMA Band 6v2 amplifier using Diramics’ standard transistor (green) versus the
experimental device (red).

(Left) MMIC LNA design for fabrication at the Diramics foundry. (Right) Electromagnetic simulation of the
internal matching network of the MMIC.

¢ |IF Amplifiers for ALMA Band 6v2: During FY2024, construction of eight amplifiers for
ALMA Band 6v2 using transistors from Diramics was completed. They were characterized
at cryogenic temperatures and delivered for use to the Band 6v2 development team,
meeting milestone 5.3.3. These amplifiers operate over the frequency range of 3.5-19 GHz
(further modifications are being investigated to extend the bandwidth to the goal range of
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3.5-20 GHz). The amplifier blocks were designed to meet the connector orientation
requirements for integration into the new Band 6v2 cartridge. Another eight amplifiers units
are under construction and are scheduled for delivery in Q1 FY2025.

(Left) Interior view of one of the amplifiers built for Band 6v2. (Right) Current progress of the eight additional
amplifiers that are under construction.

e Microwave Models: The ongoing development of low noise amplifiers using MIC
technology at cryogenic temperatures relies on microwave passive components, including
capacitors, inductors, and resistors. Accurate modeling of these components is essential for
designing amplifiers with enhanced performance. During FY2024, test fixtures for
characterizing these components were assembled, and some of the components used in
the amplifiers were modeled at room temperature. This is an ongoing effort, that was
delayed (milestone 5.3.7) by the immediate effort required for the Diramics MMIC
collaboration, in order to meet the upcoming wafer schedule deadlines.

Test blocks built to characterize microwave components.
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o Amplifier Test Set Software: The amplifier test system hardware and software presented
a testing speed bottleneck. The instrumentation upgrade was started in the prior years and
completed in FY2024, with acquisition of a new network analyzer and a new noise figure
analyzer. Subsequently, the new measurement software was written for gain and noise
testing, completing milestone 5.3.15, and it helps to improve test speeds for measurements
up to 26 GHz.

Millimeter and Submillimeter Detectors: Following a successful proposal for, and the award of,
a multi-year Phase 1 development project for Band 6v2 cartridge development, CDL has
embarked upon a Superconductor-Insulator-Superconductor (SIS) receiver technology
development plan designed to produce an upgraded Band 6 receiver cartridge as a replacement
for the existing cartridge design. The goal is to achieve an essentially flat receiver noise
temperature and gain across the expanded RF range from 209-281 GHz, and across a full 4-16
GHz IF band (with a goal towards 4—20 GHz IF range). During FY2024, the following components
were developed:

e Wideband Low-noise SIS Mixers for Band 6v2: Following the fabrication (by UVA/IFAB),
and start of testing of M1 mixers last year, several variants of the mixers were thoroughly
characterized this year. The shortcomings of the M1 design were subsequently addressed
by making a revised M2 design, which was also fabricated, delivered (again by UVA/IFAB),
and incorporated into double sideband (DSB) test blocks and evaluated by the Band 6v2
development team. Selected DSB mixers were subsequently incorporated into the side-
band separating configuration and further evaluated for their suitability for use in a Band 6v2
cartridge assembly.

k. NATIONAL RADIO ASTRONOMY OBSERVATO
T Next Generanon Very Large Array

Postdoc Priyanka Mondal and CDL Engineer Jim Muehlberg talk to attendees at the 2024 International
Microwave Symposium in Washington, DC.
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SIS Mixer chips from M2 design iteration. Mixers were realized as “broad” (top) and “narrow” (bottom)
devices.

X To IF compensation
| < T SIS Mixer chip network
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/ DSB mixer
/ chip modules

IF compensation
network

SIS Mixer chip '\

lllustration of two DSB mixer chip modules configured for use in a 2SB mixer assembly.
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Sideband Separating Mixers for Band 6v2: The 2SB mixer, consists of two identical DSB
mixer chip modules and one RF/LO coupler assembly. An independently testable version
of RF/LO coupler assembly was built and evaluated. Its measured performance exhibited
excellent agreement with simulation results. Subsequently, prototype 2SB (dual single
sideband) mixers were built by attaching Band 6v2 SIS DSB mixer chip modules (with
devices from the M2 wafer) to the RF/LO coupler and the completed assemblies
characterized in MTS2 (which was itself built last year) for use in the Band 6v2 prototype
cartridge.

2 x LO termination
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J chip module #1
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» To DSB mixer
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~ | |
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Waveguide elements:

lllustration of the RF and LO coupler block required in conjunction with two DSB mixer blocks in order to
implement a 2SB mixer.

Improved Orthomode Transducer (OMT): As reported in the progress report for last year,
three different types of split block OMT designs, including a candidate design from NAOJ
were under investigation for their applicability to the new Band 6v2 receiver. In FY2024,
OMTs corresponding to one candidate reverse coupler NRAO design and the NAOJ double-
ridged design were evaluated in a common test setup for the purpose of design down-
selection.

Improved Optics: The Band 6 receiver optics path (a corrugated horn, two ellipsoidal
mirrors, two IR filters, and a vacuum window) were analyzed in detail over the extended
ALMA Band 6v2 frequency band of 209-281 GHz. It was found that the dielectric IR filters
and vacuum window in the optical path cause reflections with varying magnitude over the
Band 6 frequency range. These reflected signals converge in close proximity of the horn.
They are then reflected off the horn’s flange and follow the optical beam path and radiate
out of the cartridge. Since the reflected signal is slightly angled with respect to the main
beam, this causes a sidelobe close to the main beam. The addition of radio absorptive
material (RAM) on the horn’s flange mitigated this sidelobe issue.
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Photograph of the modified Band 6v2 prototype cartridge showing the added radio absorptive material
(black square) around the horn to eliminate the unwanted side-lobe.

The cause of degraded performance of the Band 6v1 design was also studied. The EM analysis
of the Band 6 receiver cartridge showed that the two cryogenic ellipsoidal mirrors were not
significant contributors to this degradation. Consequently, the same mirrors can be used to meet
the specifications of optical system across the moderately extended RF frequency range of
Band 6v2, 209-281 GHz. The Band 6v2 feed-horn will also be identical to the Band 6v1 one,
except for the waveguide output, which will have a circular cross-section with diameter 1.29
mm, rather than a square-cross section 0.94 mm x 0.94 mm (an alignment pin slot will also be
required on the outer Band 6v2 mounting flange that interface with the Band 6v2 OMT).

The Band 6v1 IR filters were not previously characterized for their cross-polarization. The Band
6v2 team investigated whether deviations from the ideal elements might explain the observed
cross-polarization performance. CDL also performed measurements of the IR filters in the
Cartridge Test Set, CTS2. These results, although strictly inconclusive, did not directly implicate
the performance of the IR filters. Samples of spare vacuum windows and IR filters were also
sent to and characterized by NAOJ, and those results are being analyzed by the Band 6v2 team
at NRAO. Those measurements also do not implicate the IR filters. Room temperature
measurements with and without the quartz vacuum windows indicate that they are contributing
to the degradation in cross-polar performance. Further investigation is ongoing, and requires
additional time to resolve the problem.

¢ Cryogenic Isolator and Cryogenic IF Hybrid: These components were not developed at
the CDL but were procured from Smithsonian Astrophysical Observatory and Yebes
Observatory respectively, and characterized in house for use in the Band 6v2 cartridge.

¢ Improved Local Oscillator (LO): In continuation of the work done in previous years, the LO
group delivered another RF source (for use in the Band 6v2 mixer test system) and another
Band 6v2 LO source for use in the cartridge test system. Further details are provided under
the topic of local oscillators later in this chapter.
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e Construction and Test of Band 6v2 Prototype Cold Cartridge Assembly: Following the
design and refinement of the prototype Cold Cartridge Assembly (CCA) last year, it was
constructed/assembled and evaluated in FY2024. The Band 6v2 CCA incorporated the
cryogenic optics modules and the improved Band 6v2 modules previously listed (OMT, 2SB
mixers, IF amplifiers) and also the broadband IF isolators and IF hybrids that were sub-
contracted and obtained from external sources. This completed milestone 5.3.3.

The cartridge was subsequently mated with a Band 6v2 Warm Cartridge Assembly
containing the LO system and also outfitted with room temperature IF amplifiers to provide
additional gain to the signal emanating from the cold cartridge, which addressed milestone
5.3.4. The test software suite for the Cartridge Test System, CTS2, was completely
revamped and the Python software code (under version control on a git repository) was
tested, debugged, and deployed for use, completing milestone 5.3.17. Subsequently, the
prototype Band 6v2 receiver was evaluated using the Cartridge Test System, CTS2, using
the new test software.
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Fully Asembled Pototype Band 6v2 CCA.
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These results, including the receiver noise performance are as predicted and extremely
encouraging. An M3 mixer design was subsequently worked out in order to produce compliant
performance from the Band 6v2 receiver (using higher critical current density SIS), and is
currently being finalized. It will be fabricated and tested in FY2025.
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e Superconducting 4 - 20 GHz quadrature hybrid: A 4-20 GHz three-section
superconducting quadrature hybrid was designed last year and fabricated at UVA/IFAB this
year. Its experimental evaluation has been delayed owing to staff retirement and task
handover. The hybrid is small enough to be mounted inside a balanced amplifier block, a
configuration which represents an alternative to the baseline Band 6v2 2SB architecture
incorporating single ended amplifiers and isolators. Size is critical because each dual-
polarization 2SB Band 6v2 cartridge would incorporate four such balanced amplifiers, and
the loss must be very small because the balanced amplifiers would be at the point of lowest
signal level in the whole system. Another five-section hybrid with improved performance
(better amplitude match over 4-20 GHz) was also designed during FY2024, and it awaits
finalization of its artwork/layout for fabrication after the three-section version has been
evaluated.
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(Top) Artwork/layout of the 3-section superconducting 4-20 GHz quadrature hybrid design. (Bottom left)
Predicted performance of the quadrature hybrid design. (Bottom right) Figure depicts the three-section
hybrid mounted in the test fixture with 50 Q Duroid microstrip lines connecting it to coaxial connectors for
measurement.

20.500

Traveling-wave Kinetic-inductance Parametric (TKIP) Amplifiers: Over the past few years,
CDL has embarked upon an effort to design, develop, and test Traveling-Wave Kinetic Inductance
Parametric (TKIP) amplifiers to evaluate their suitability for radio astronomy instrumentation.
Originally developed by the quantum computing industry, the TKIP amplifier is essentially a long
superconducting transmission line whose nonlinear kinetic inductance generates gain over a wide
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frequency band when an appropriate pump signal is present. In addition to their wide bandwidth,
TKIP amplifiers hold the promise of quantum-limited noise. They appear to be equally well-suited
for use as RF front-end amplifiers or as IF amplifiers following SIS mixers. During FY2024, CDL
has focused on all three development areas namely; design, fabrication, and
testing/characterization of TKIP parametric amplifiers.

o Design: Effort continued to improve the in-house developed software tool for simulation and
design of TKIPs. Along with the use of a commercial electromagnetic simulator, a high
frequency structure simulator (HFSS), and a novel analysis method that was recently
published, the design tool was used to complete the following tasks:

o Perform a systematic comparison of the theoretical performance of TKIPs implemented
with different artificial geometries (also known as Floquet structures) that were compatible
with the fabrication methods of the collaborating fabricators. The geometries studied were
based on coplanar waveguide (CPW), microstrip, and inverted microstrip transmission
lines.

o Design a new version of low-frequency (0 — 20 GHz) artificial CPW TKIPs (below, left
panel). Devices based on this design are currently being fabricated at UVA/IFAB.

o Design an artificial CPW TKIP working in the full W-band (below, right panel). This project
involved effort of a co-op graduate student.

o Compare predicted results from the design tool with those obtained with AWR Design
Environment Platform from Cadence. The early/first results demonstrate a good
agreement.
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Examples of predicted gain of the TKIPs designed at CDL. (Left) Low-frequency version. (Right) High-
frequency version. The shaded area corresponds to the full W-band.

o Fabrication: CDL continued collaborating with UVA/IFAB and Delft University of
Technology (TU Delft), The Netherlands, for fabrication of TKIPs.

o Both fabrication collaborators delivered TKIPs fabricated as an artificial-CPW
configuration in a spiral form (next page, left panel). After characterization it was found
that the spiral arrangement causes self-interactions. This occurs when different portions
of the transmission lines that constitute the TKIP are placed in close proximity, a situation
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that is exacerbated in the case of CPW lines, so an alternative meander arrangement
was explored.

UVA/IFAB is currently fabricating TKIPs as artificial-CPW TKIPs in a meander
configuration which allows more flexibility and reduces risk of interactions between
adjacent transmission lines (below, right panel).

UVA/IFAB also matured their fabrication processes which enables the fabrication of
TKIPs as microstrip lines. The main advantage of this type of lines is that, having only
one ground plane, it is less prone to self-interactions.

i
C
C
C
C
C
C
C
C
C

(Left) Device fabricated by TU Delft mounted in a block for characterization. Note that the transmission line
that implements the TKIP is configured as a spiral which causes structures on adjacent tracks to be in close
proximity. (Right) Close up of the CAD to be used to fabricate a new iteration of amplifiers at UVA. The
transmission lines are now configured as meanders allowing more separation between them.

o Testing/Characterization: In collaboration with UVA/IFAB, CDL operates a Bluefors
dilution refrigerator that allows characterization of amplifiers at millikKelvin temperatures. The
setup allows measurement of gain in the low frequency band (DC-20 GHz) and in W-band
(75-110 GHz). The following tasks were carried out:

o

o

The low-frequency setup was upgraded to also enable measurement of noise
temperatures. Verification of this extension is ongoing.

Assisted UVA/IFAB with the characterization of superconducting resonators. These
measurements were used to determine the quality of their fabrication processes.

The S-parameters of the TKIPs provided by the fabrication collaborators were measured
(next page, top). All samples had similar characteristics— a good transmission plagued
by a multitude of resonances (for an example, see next page, bottom). Extensive
simulations revealed that this behavior originates from the way the TKIPs are
geometrically configured (i.e. as a spiral, as explained earlier).
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(Top) Co-op graduate student mounting a packaged TKIP for characterization. (Bottom, left) Typical
transmission of a TKIP laid out as a tight spiral (orange) compared with the transmission of a reference
‘thru” line (blue). (Bottom, right) Zoomed-in view shows the presence of a multitude of resonances.
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Optics and Electromagnetic Components: The electromagnetic and optics group provided
continued analysis and design support for the ALMA and ngVLA projects. For the ngVLA project,
final reflector surface optimizations were carried out, and maximum allowed distortions from ideal
were calculated. Detailed electromagnetic analyses were performed on the reflector system to
determine for example the effects of struts and panel gaps. Various reflector surface treatments
were evaluated by means of measurements with the help of the NRC’s Herzberg Astronomy and
Astrophysics Research Centre (HAA), and the degradation in performance was then determined by
analysis. A tolerance study of the MSIP dish is ongoing. This is required for post processing of the
holography measurements due early next year.

The ngVLA Band 1 wideband horn was manufactured and measured at Green Bank. The
measurement results confirm that the horn performs as predicted. The Band 1 horn is a dielectrically
loaded quadruple-ridged flared horn (QRFH) with a 3:1 frequency bandwidth, and has a
performance equivalent to that of sub-octave band horns. Additionally, a quick design for a wider
frequency band horn (4.3:1) at higher frequency was carried out. Preliminary simulated results
indicate that this horn’s radiation performance is good over the entire bandwidth of 8-34 GHz, and
this could be potential candidate for use on the future wide-band VLBA receivers.
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The ngVL/'\:: Bén 1 wideband horn was manufacture

d and measured at Gren Bank.

Another ongoing design effort for the ngVLA is the development of an OMT for its Band 3 (12.3—
20.5 GHz). Two configurations are being studied— turnstile and double-ridge— in order to
determine the best candidate to comply with the very demanding requirements. The image below
shows a CAD model of the double-ridge design and its predicted performance. An error analysis is
currently ongoing, after which fabrication and testing will follow.
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(Top) CAD model of the proposed OMT in double-ridge configuration. (Bottom, left) Reflections at the input
port are predicted to be lower than -25 dB in the operational bandwidth. (Bottom, right) Cross-polarization
are predicted to below -60 dB.
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In addition, the optics and electromagnetics group supported the Black Hole Explorer Mission
(BHEX) by doing a preliminary design of a shaped axially symmetric dual reflector system for their
space-based segment.

Digital Design: The CDL digital design team is developing a Scalable, Reconfigurable, and
Modular (SCREAM) architecture for all future correlator and large Central Signal Processor (CSP)
projects.

Phase | of the Beamformer & Channelizer (B&C) project, which involved building a basic two-node
demonstrator showcasing beamforming and cross-correlation capabilities, was completed in
FY2023. While initial evaluation was completed in FY2023, it was followed up by extensive testing
during Q1 FY2024.

Delay Trackin Nodes Gateway Node
Phas); Tr.-,u;king Waveform Player
9 [Subband Generator]

Beamforming

16k Freq. Channelizer Data synchronization

Ad Hoc X-Engine
Monitor and Control

Waveform Player =

* Deterministic waveform
+ Standalone FPGA

The SCREAM prototype that was built in FY2023, and extensively tested in Q1 FY2024 consists of two
beamforming and channelizing (B&C) nodes with basic functionality and a control/gateway node (master
FPGA with a built in X-engine).

Following Phase | of the SCREAM B&C node development, the digital design team shifted its
focus to prepare for and support the Conceptual Design Review of the ngVLA CSP. This review
was successfully held in April 2024. The resulting recommendation of a SCREAM-based Central
Signal Processor for the ngVLA project marked a major milestone for the digital design group,
aligning SCREAM with the broader Observatory efforts.

The digital design team also supported the NSF-led ngVLA system Conceptual Design Review in
September 2024, and provided substantial CSP-related documentation for the review.

In addition to the B&C component, the design team created a plan for a SCREAM X-node
prototype development (completing milestone 5.3.13), including a Work Breakdown Structure
(WBS) and a draft schedule. Work was also started on the subarray operation concept for the X-
Engine. Due to ngVLA funding constraints, the development of the X-Engine is not expected to
begin earlier than FY2026.

The investigation into the SCREAM M&C architecture also made significant progress during
FY2024. A draft M&C architecture document was completed, providing details regarding
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deployment of logic within the design. It provides an outline as to how the Processing System
(embedded processor), Serial Peripheral Interfaces/serial links, and M&C server will collect data
from various parts of the system and communicate the commands effectively.

LO Reference and Timing: In FY2024, the ngVLA-funded work included the completion of the
conceptual design phase of the LO Reference and Timing, including down select studies of
competing architectural options. Following the Conceptual Design Review, a major activity was
support for the project-wide NSF-led Programmatic Conceptual Design Review which completed
successfully in the Q4 FY2024. Further work involved the ongoing evaluation of custom
demonstration units provided by industry to assess the feasibility of the phase-noise and spurious
signal-level requirements.

With members of the ALMA Offsite Hardware Support Groups in LO and Photonics, the LO
Reference and Timing group investigated a new technique for laser frequency synthesis as part
of ALMA’s concern for technology obsolescence. This work was published as an IEEE conference
paper “Injection-Locked Gain-Switched Comb Source for Radio Astronomy Local Oscillator,”
demonstrating a potential path to replacing current ALMA Laser Synthesizer with lower cost and
complexity and improved phase noise.
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(Left) Phase noise measurement setup to compare the phase noise performance of an ALMA Band 6 LO
assembly when locked to (a) the legacy LS system and (b) the GSCS, in turn. SG=signal Generator,
PTNS=Phase Noise Test Set, RL=Reference Laser (Right) Phase noise measured at 82 GHz for (a) Legacy
Laser Synthesizer (b) Injection Locked Gain-Switched Comb Source. While the phase noise using the
legacy Laser Synthesizer was a factor of two poorer (96 fs) than previous reference measurements of 48
fs (reasons are not fully understood, but believed to be due to SG2), however, the phase noise performance
with GSCS was notably superior (18 fs).

Specific funded activities and/or milestones for ngVLA/ALMA studies are detailed in those
documents/sections.

Local Oscillators: Following the ALMA development study to investigate possible improvements
to the Band 6 LO Amplitude Modulation (AM) sideband noise, one Band 6v2 RF source, one Band
6v2 LO source, and a Band 6v2 WCA were assembled and delivered to the Band 6 cartridge group
in the prior years. In continuation of this work done in previous years, the group delivered another
RF source (for use in the Band 6v2 mixer test system) and another Band 6v2 LO source for use in
the cartridge test system, the latter completing milestone 5.3.5.
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Since the ALMA2030 Roadmap guidelines imply increased IF bandwidth from the present 4—
12 GHz, to 4-20 GHz, the LO AM sideband noise screening test set for the extended IF range
required of Band 6v2 was packaged and refined into a configuration conforming to that of the legacy
4—-12 GHz LO AM sideband noise screening test set. This modification makes it compatible with the
standard software and procedures used in WCA testing. This work was a follow up to previous
proof-of-concept work executed to demonstrate the feasibility of such measurements over 4-16
GHz.
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The extended IF range LO AM sideband noise screening test set for Band 6v2.

Additionally, a postdoctoral Women in Engineering (WIE) fellowship recipient is working with the
LO group to evaluate possible alternatives for the power amplifier MMIC used in ALMA Band 10.
The current GaAs pHEMT based MMIC power amplifier used in the ALMA Band 10 LO scheme
has problems delivering and maintaining sufficient output power across the Band 10 WCA
frequency range. A GaN High-Electron-Mobility-Transistors (HEMT) based commercial MMIC
was identified and samples procured. A custom assembly was designed and built to evaluate this
MMIC and the resulting amplifier performance evaluation is ongoing.
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Custom test block manufactured for evaluating the GaN HEMT based MMIC for it suitability as an ALMA
Band 10 power amplifier replacement.

Integrated Receiver Development (IRD): The IRD program aims to develop compact, mass-
producible, and field-replaceable Front End hardware for the next generation of radio telescope
facilities. Goals include: early digitization as near to the telescope focal point as possible; and
relatively seamless integration of analog, digital, and photonic technologies into lightweight, low-
overhead, Front End modules. The goal is for the architecture to be optimized to exploit the
complementarity of integrated construction techniques and Digital Signal Processing, achieving
a level of precision and stability that is unmatched by state-of-the-art radio astronomy receivers.
As such, the IRD program is working together closely with the CDL Digital Design team.

The IRD team continued its collaboration with Anritsu to fabricate high-frequency reflectionless
filters using advanced thin-film fabrication. Following up on the previous, successful lumped-
element designs with 60 GHz cutoff frequency corners (testing of which completed milestone
5.3.8), four new devices were designed, two lumped-element filters with vias (completing
milestone 5.3.9) and two transmission-line based designs (completing milestone 5.3.10). The two
transmission-line designs were fabricated with predicted passband performance at 70-115 GHz
and 200-275 GHz, respectively, and are undergoing initial testing.

The CDL also continued its collaboration with our commercial partner and licensee, Mini-Circuits,
Inc., to extend reflectionless filter technology to higher frequency in surface-mountable form using
their Low-Temperature Co-Fired Ceramic (LTCC) fabrication capability. This work was funded by
a Partnerships for Innovation (PFI) grant from NSF. Some initial technical issues were resolved,
and the final prototype was a success.
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Thin-film, transmission-line reflectionless filters on quartz (circuits on un:c7iced wafer). The larger circuit has
a 70—-115 GHz simulated band-pass with up to 200 GHz stop-band absorption, while the smaller circuit has

a 200-275 GHz band-pass with stop-band absorption up to 500 GHz.

(a) (b)
LTCC transmission-line reflectionless filters, fabricated under a PFI grant. (a) bottom view (b) top view.

IRD ngVLA: An analog prototype of the Band 6 integrated receiver module was built and tested
with good results. The custom anti-alias filter for full ngVLA IF bandwidth requirements was also
received and verified, with measurements showing excellent agreement with simulations. Each of
the Bands 2 through 6 module designs were updated to incorporate this new filter on the next
prototype iteration. (Band 1 has an integrated filter of a unique design.)
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(@) (b)
The ngVLA Band 6 analog prototype. (a) Open to baseband PCB. (b) Detail of MMIC cluster.

Finally, in partnership with the Digital Backend (DBE) development team, the IRD group supported
integration tests between the previously completed Band 3 prototype module and the prototype
DBE development board. Sideband calibration and equalization algorithms were tested
successfully.

This description of the IRD team’s ngVLA related work, executed by CDL personnel, is only
provided for the sake of completeness. The milestones for this effort are incorporated into the
ngVLA Annual Progress Report for FY2024.

next generation Radar Designs (ngRD): The next generation radar project is a partnership
between the NRAO and Raytheon and led by the Radar Division at the CDL. The goal is to carry
out development activities to enable using the Green Bank Telescope to transmit and for the Very
Long Baseline Array to receive the reflected radar signals. The effort has been supported by an
NSF award from the Mid-Scale Research Infrastructure-1 (MSRI-1) program, titled next
generation Radar Designs, with the key deliverable of the concept design for a high-power (500
kW), high-frequency (13.7 GHz; Ku-band) transmitter on the GBT with reception by the VLBA.
The project team completed an external conceptual design review in Q1 FY2024 (completing
milestone 5.3.11). In response to feedback from the external concept design review, a science
advisory council was formed in FY2024 to improve science use cases and requirements flow-
down (this addressed milestone 5.3.12). The team provided an annual report to NSF in Q4
FY2024 and was approved for a period of no-cost extension through FY2025. Additional
congressionally directed funding for the project through Air Force Research Laboratory is in
process and expected to arrive in Q1 FY2025 to support continued design activities for the next
two years and toward a preliminary design review.

The low-power (700 W), pilot transmitter, previously installed on the GBT in 2020 and 2021, was
rebuilt by Raytheon and GBO staff in FY2024 and is being prepared for redeployment on the GBT
in Q1 FY2025. Redeployment and use on a quarterly basis will improve the end-to-end concept of
operations for a future, high-power radar system. The main upgrade to the pilot system is a timing
concept for accurate tracking of the transmitted and received signals allowing for radar ranging
measurements and simpler data processing.

This description of the ngRD team’s activities, led by CDL personnel, is only provided for the sake of

completeness. The milestones for this effort are incorporated into GBO’s Annual Progress Report for
FY2024.
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Advanced Spectrum Monitor (ASM): The Advanced Spectrum Monitor (ASM) is a system being
developed, in phases, at the CDL that can rapidly scan the electromagnetic spectrum over 1-120
GHz and is intended for use by the National Radio Dynamics Zone (NRD2Z) initiative, funded by
the NSF.

Following the completion of testing of the ASM-1 prototype in FY2023, the ASM-2 project was
kicked off in early FY2024 with goals to improve upon the shortcomings of the ASM-1 device and
addressing the lessons learned during its construction and deployment. After successfully
completing the design review in Q1, work over the past year concentrated on evolving the basic
notional design into a practical ASM-2 instrument. The detailed development of the 1-20 GHz
sinuous antenna was completed in Q4, culminating in beam pattern and impedance
measurements which confirmed expected design performance. Electronic and mechanical
designs for the 1-20, 18-30, 28—40, and 38-50 GHz band receivers, down converters, and local
oscillator were also completed. Various test assemblies were developed and utilized to evaluate
critical components. All components, including the antennas, for 1-50 GHz coverage, were
received and the first panel of the four-panel ASM-2 is currently being assembled.

In Q1 FY2025, this prototype panel with local oscillator will be completed and evaluated, and the
ASM-2 enclosure design finalized. Panel replication and the enclosure fabrication will take place
during Q2 with final assembly and evaluation expected in Q3.

(Left) Completed sinuous antenna for 1 — 20 GHz. (Right) A CDL co-op student from University of Puerto
Rico assists in the evaluation of the sinuous antenna.

Phased array feed - one of the many pieces of instrumentation developed at the CDL.
Photo by Jeff Hellerman (US NSF / AUl / NSF NRAQ).
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EDUCATION AND PUBLIC OUTREACH

The Education and Public Outreach (EPO) department serves the strategic Observatory goal of
broadening public appreciation of and participation in Science, Technology, Engineering, Arts,
and Mathematics (STEAM). Barb Gruber, PhD, was hired in November 2024 as the Assistant
Director for Education and Public Outreach.

News and Public Information

The news and public information team includes a News and Public Information Manager and a
Public Information Officer that cover ALMA, VLA, GBO, VLBA, and ngVLA, along with ODI, the
CDL, and the NRQZ. The team also includes a part-time science writer and a part-time social
media specialist. Continued emphasis was placed on expanding social media channels and post
frequency.

Press and Image Releases, Announcements, and Feature Stories: In addition to the
numerous Press and Image Releases published in FY2024, EPO also used Announcements,
Feature Stories, and social media channels to publicly celebrate milestones, programs, and staff
accomplishments that are significant to the organization but not likely to be picked up as a press
release. EPO News and Public Information published 78 news products over FY2024.

Stellar Explosions and Cosmic Chemistry
Unveiling the Secrets of Starburst Galaxies with ALMA

o New type of Fast Radio Burst discovered in Green Bank Telescope data

e Five Decades of Groundbreaking Millimeter Astronomy—From Discovering Molecules in Space to
Imaging New Solar Systems

e The Baseline #17: Gravitational Lensing: Focusing On The Cosmos

e A Supermassive Black Hole’s Strong Magnetic Fields are Revealed in a New Light

e ALMA Observation of Young Star Reveals Details of Dust Grains
e New US & Japan Partnership Will Make the World’s Most Powerful Telescope Even More Sensitive
e The People Behind the Very Large Array

e World's Most Powerful Millimeter/Submillimeter Telescope Captures Highest Resolution
Observations—Ever

e A Molecule, a Telescope, and Everything: A History of ALMA and Millimeter Astronomy

e ALMA Conference Celebrates 10 Years of Astronomical Discoveries

Members of the public are excited to see the Very Large Array up close at one of the popular Open House
sessions hosted by EPO and New Mexico staff. Photo by Jeff Hellerman (US NSF / AUl / NSF NRAO).
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https://greenbankobservatory.org/news/new-type-of-fast-radio-burst-discovered-in-green-bank-telescope-data/
https://greenbankobservatory.org/news/five-decades-of-groundbreaking-millimeter-astronomy-from-discovering-molecules-in-space-to-imaging-new-solar-systems/
https://greenbankobservatory.org/news/five-decades-of-groundbreaking-millimeter-astronomy-from-discovering-molecules-in-space-to-imaging-new-solar-systems/
https://public.nrao.edu/news/the-baseline-17-gravitational-lensing-focusing-on-the-cosmos/
https://public.nrao.edu/news/a-supermassive-black-holes-strong-magnetic-fields-are-revealed-in-a-new-light/
https://public.nrao.edu/news/alma-observation-of-young-star-reveals-details-of-dust-grains/
https://public.nrao.edu/news/new-us-japan-partnership-will-make-the-worlds-most-powerful-telescope-even-more-sensitive/
https://public.nrao.edu/news/the-people-behind-the-vla/
https://public.nrao.edu/news/alma-highest-resolution-image/
https://public.nrao.edu/news/alma-highest-resolution-image/
https://public.nrao.edu/blogs/a-molecule-a-telescope-and-everything-a-history-of-alma-and-millimeter-astronomy/
https://public.nrao.edu/news/alma-conference-celebrates-10-years-of-astronomical-discoveries/
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GBT on cover of Nature Astronomy

Applications now being accepted for 2024 Governor’'s Schools

Most sensitive search for intelligent life beyond our galaxy to date
COSMIC: SETI Institute Unlocks Mysteries of the Universe with Breakthrough Technology at the Very

Large Array
Early Evolution of Planetary Disk Structures Seen for the First Time

First Recipient of Women in Engineering Fellowship Joins Staff of Central Development Laboratory
New Details of Supermassive Black Hole’s Shadow Revealed

Astronomers Discover Most Massive Neutron Star—or Least Massive Black Hole

Massive Gas Clouds Escape Center of Milky Way

Mystery of Star Formation Revealed by Hearts of Molecular Clouds

Astronomers Accidentally Discover Dark Primordial Galaxy
AAS 243 NRAO Press Announcement

Science Newsletter #AAS243 Special Edition

NRAO in the press at AAS 243

Owens Valley: Radio Astronomy in the Land of Sky and Stream
Learning Shines Brightly at SuperKnova

Hidden Giants

Here There Be DRAGNs

Astronomy is Metal

Two For One
ALMA Gets a New Heartbeat
Astronomers Discover Jupiter-sized Objects Drawn into Each Other’s Orbit

German Astronomers Share Proposed Science for the ngVLA
NAC Student Researchers Receive Prestigious Chambliss Medals at AAS 243
Telescopes Show the Milky Way’s Black Hole is Ready for a Kick

Special Talk: Flashes in the Sky—The Mystery of Fast Radio Bursts

Can Astronomers Use Radar to Spot a Cataclysmic Asteroid?

Astronomers & Engineers Use a Grid of Computers at a National Scale to Study the Universe 300
Times Faster

Astronomers Unveil Strong Magnetic Fields Spiraling at the Edge of Milky Way’s Central Black Hole

Dr. Patricia (Trish) Henning: Leading the Way in Radio Astronomy

National Radio Astronomy Observatory Shines at New Mexico Governor's STEM Challenge
NRAO and SpaceX Coordinate to Protect Radio Astronomy

Radio Observations of Compact Symmetric Objects Shed New Light on Black Hole Phenomenon

Eclipses and Exoplanets

Broadband Will Bring High-Speed Internet Connectivity to the National Radio Quiet Zone

ALMA Reveals Jupiter’'s Moon lo has been Volcanically Active for Billions of Years

Associated Universities, Inc. and the National Radio Astronomy Observatory celebrate success of
Chilean students in pursuit of STEM careers

NRAO Supports International Symposium for the Future of Science in the Caribbean

Orion’s Erupting Star System Reveals Its Secrets



https://greenbankobservatory.org/news/gbt-on-cover-of-nature-astronomy/
https://greenbankobservatory.org/news/applications-now-being-accepted-for-2024-governors-schools/
https://greenbankobservatory.org/news/most-sensitive-search-for-intelligent-life-beyond-our-galaxy-to-date/
https://public.nrao.edu/news/cosmic-seti-institute-unlocks-mysteries-of-the-universe-with-breakthrough-technology-at-the-very-large-array/
https://public.nrao.edu/news/cosmic-seti-institute-unlocks-mysteries-of-the-universe-with-breakthrough-technology-at-the-very-large-array/
https://public.nrao.edu/news/early-evolution-of-planetary-disk-structures-seen-for-the-first-time/
https://public.nrao.edu/news/women-in-engineering-fellowship-cdl/
https://public.nrao.edu/news/new-details-of-supermassive-black-holes-shadow-revealed/
https://greenbankobservatory.org/news/astronomers-discover-most-massive-neutron-star-or-least-massive-black-hole/
https://greenbankobservatory.org/news/massive-gas-clouds-escape-center-of-milky-way/
https://greenbankobservatory.org/news/mystery-of-star-formation-revealed-by-hearts-of-molecular-clouds/
https://greenbankobservatory.org/news/astronomers-accidentally-discover-dark-primordial-galaxy/
https://greenbankobservatory.org/news/aas-243-nrao-press-announcement/
https://greenbankobservatory.org/news/science-newsletter-aas234-special-edition/
https://public.nrao.edu/wp-admin/post.php?post=26196&action=edit
https://public.nrao.edu/blogs/owens-valley-radio-astronomy-in-the-land-of-sky-and-stream/
https://public.nrao.edu/blogs/learning-shines-brightly-at-superknova/
https://public.nrao.edu/blogs/hidden-giants/
https://public.nrao.edu/blogs/here-there-be-dragns/
https://public.nrao.edu/blogs/astronomy-is-metal/
https://public.nrao.edu/blogs/two-for-one/
https://public.nrao.edu/news/alma-gets-a-new-heartbeat/
https://public.nrao.edu/news/astronomers-discover-jupiter-sized-objects/
https://public.nrao.edu/news/german-astronomers-share-proposed-science-for-the-ngvla/
https://public.nrao.edu/wp-admin/post.php?post=27097&action=edit
https://public.nrao.edu/news/telescopes-show-the-milky-ways-black-hole-is-ready-for-a-kick/
https://greenbankobservatory.org/news/special-talk-flashes-in-the-sky-the-mystery-of-fast-radio-bursts/
https://greenbankobservatory.org/news/can-astronomers-use-radar-to-spot-a-cataclysmic-asteroid/
https://public.nrao.edu/news/astronomers-study-the-universe-300-times-faster/
https://public.nrao.edu/news/astronomers-study-the-universe-300-times-faster/
https://public.nrao.edu/news/astronomers-unveil-strong-magnetic-fields-spiraling-at-the-edge-of-milky-ways-central-black-hole/
https://public.nrao.edu/news/dr-patricia-trish-henning-leading-the-way-in-radio-astronomy/
https://public.nrao.edu/news/nrao-at-nm-governors-stem-challenge/
https://public.nrao.edu/news/nrao-and-spacex-coordinate/
https://public.nrao.edu/news/radio-observations-of-csos-shed-new-light/
https://public.nrao.edu/blogs/eclipses-and-exoplanets/
https://greenbankobservatory.org/news/broadband-will-bring-high-speed-internet-connectivity-to-the-national-radio-quiet-zone/
https://public.nrao.edu/news/alma-reveals-jupiters-moon-io-has-been-volcanically-active-for-billions-of-years/
https://public.nrao.edu/news/nrao-provoca-2024/
https://public.nrao.edu/news/nrao-provoca-2024/
https://public.nrao.edu/news/nrao-supports-international-symposium-for-the-future-of-science-in-the-caribbean/
https://public.nrao.edu/news/orions-erupting-star-system-reveals-its-secrets/

e Protecting ALMA’s Skies
e Stellar Explosions and Cosmic Chemistry

e The Very Large Array to Host Spring Open House Event on April 20, 2024

e AUI Announces 2024 Scholarship Recipients

e Mobile Planetariums Bring the Stars to You

o NAC Alum Awarded NSF Graduate Research Fellowship

e Spotted: ‘Death Star’ Black Holes in Action

o 2024 Jansky Fellows Awarded

o ALMA Observations Reveal New Insights into Planet Formation in Binary Star Systems

e Engineers Descend upon DC for International Microwave Symposium, NRAO Will Exhibit, Scientist to
Receive Pioneer Award

e Invisible Realms Revealed: Radio Technology Expands Frontiers of Astronomy and Medicine

e |t's Twins! Astronomers Discover Parallel Disks and Jets Erupting From a Pair of Young Stars
¢ NRAO and GBO Have Lots to Share at AAS 244
e Supermassive Black Hole Appears to Grow Like a Baby Star

¢ While Aiming for Massive Gas Cloud, Astronomers Spot Differences in Thickness of Milky Way Galaxy
e Green Bank Observatory Inspires Blenko Glass

e AUl and the NSF NRAO Announce the Recipients of the 2024 AUl Board of Trustees NAC Bridge
Scholarship Award

e Old Data, New Tricks Discover Pulsar in Galactic Plane

e Telescope Tag-Team Discovers Galactic Cluster’s Bizarre Secrets
¢ NSF GBO and NRAO at the International Astronomy Union General Assembly XXXII
e Astronomers Make Highest-Resolution Observations Ever from Earth

e Astronomers, Satellite Internet Provider Develop New System to Share the Sky
e Plasma Bubbles and the “Engine” of Fast Radio Bursts

e Precision Measurements Offer Clues to Magnetar’s Cosmic Origin

e Unlock the Secrets of the Invisible Radio Universe with SuperKnova®

e ALMA Detects Hallmark “Wiggle” of Gravitational Instability in Planet-Forming Disk
¢ ALMA’s New Observing Cycle Kicks Off October 1st

¢ NRAO Part of New Al Institutes Launched by U.S. National Science Foundation and Simons
Foundation

e United Nations Secretary-General Visits ALMA < HereiThere Be DRRAGNS >

Blogs are an opportunity to give voice to diverse
participants and provide an informal avenue to
promote stories and information about the
Observatory and the people connected to it and were
published quarterly.

< How to $§fely \ﬂ/le‘w”th’e”EcIIpse — 2 S
Above - Here There Be DRAGNSs blog post
by Brian Koberlein, January 09, 2024

Left - How to Safely View the Eclipse, blog
post by Barbara Gruber, March 15, 2024
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https://public.nrao.edu/news/protecting-almas-skies/
https://public.nrao.edu/news/stellar-explosions-and-cosmic-chemistry/
https://public.nrao.edu/news/vla-spring24-open-house/
https://public.nrao.edu/news/aui-announces-2024-scholarship-recipients/
https://public.nrao.edu/news/mobile-planetariums-bring-the-stars-to-you/
https://public.nrao.edu/news/nac-alum-awarded-nsf-graduate-research-fellowship/
https://public.nrao.edu/news/spotted-death-star-black-holes-in-action/
https://greenbankobservatory.org/front-page-news/2024-jansky-fellows-awarded/
https://public.nrao.edu/news/alma-observations-reveal-new-insights/
https://public.nrao.edu/news/nrao-at-ims/
https://public.nrao.edu/news/nrao-at-ims/
https://public.nrao.edu/news/invisible-realms-revealed/
https://public.nrao.edu/news/its-twins/
https://public.nrao.edu/news/nrao-and-gbo-have-lots-to-share-at-aas-244/
https://public.nrao.edu/news/supermassive-black-hole-appears-to-grow-like-a-baby-star/
https://greenbankobservatory.org/front-page-news/while-aiming-for-massive-gas-cloud-astronomers-spot-differences-in-thickness-of-milky-way-galaxy/
https://greenbankobservatory.org/press-release/green-bank-observatory-inspires-blenko-glass/
https://public.nrao.edu/news/aui-and-the-nsf-nrao-announce-the-recipients-of-the-2024-aui-board-of-trustees-nac-bridge-scholarship-award/
https://public.nrao.edu/news/aui-and-the-nsf-nrao-announce-the-recipients-of-the-2024-aui-board-of-trustees-nac-bridge-scholarship-award/
https://public.nrao.edu/news/old-data-new-tricks-discover-pulsar-in-galactic-plane-3/
https://greenbankobservatory.org/front-page-news/telescope-tag-team-discovers-galactic-clusters-bizarre-secrets/
https://greenbankobservatory.org/front-page-news/nsf-gbo-and-nrao-at-the-international-astronomy-union-general-assembly-xxxii/
https://public.nrao.edu/wp-admin/post.php?post=32081&action=edit
https://public.nrao.edu/news/astronomers-satellite-internet-provider-develops-new-system-to-share-the-sky/
https://public.nrao.edu/news/plasma-bubbles-and-the-engine-of-fast-radio-bursts/
https://public.nrao.edu/news/precision-measurements-offer-clues-to-magnetars-cosmic-origin/
https://public.nrao.edu/news/unlock-the-secrets-of-the-invisible-radio-universe-with-superknova/
https://public.nrao.edu/news/alma-detects-wiggle/
https://public.nrao.edu/news/almas-new-observing-cycle-kicks-off-october-1st/
https://public.nrao.edu/news/nrao-one-of-two-new-ai-institutes-launched-by-u-s-national-science-foundation-and-simons-foundation/
https://public.nrao.edu/news/nrao-one-of-two-new-ai-institutes-launched-by-u-s-national-science-foundation-and-simons-foundation/
https://public.nrao.edu/news/united-nations-secretary-general-visits-alma/

Spanish Translation: Most ALMA science  Sistema estelar en erupcién de Orién revela sus secretos
press products were translated into  AwMAamoa uces sobre misterio astronomico de 88 afios
Spanish and distributed in both languages :
on Eureka Alert, NewsWise, and on the
NRAO public website (right).

Media Outreach: Media outreach included
efforts included over 70 requests from the
press/media, which were answered by
through background and one-on-one
interactions. The American Astronomical
Society met in January and June and the e sy s o o s o o e
IAU in August (be]ow) The News and  roertidelcuase jorms ia estreiia. At chocar con fuerza contra dicho envoltorio, ef viento estelar arrastra el gas de CO
Public Information. A large, for-profit media """ e e

shoot was conducted at the VLA in February, and the site will be featured in a streaming series
to air on Apple TV, by the award-winning director Vince Gilligan. The News and Public Information
staff prepared scientists for over half a dozen press conferences and at the January and June
AAS conferences, and special presentations and interviews at the February AAAS conference.

The U.S. National Science Foundation National Radio Astronomy Observatory at the International
Astronomy Union General Assembly XXXII

August 5, 2024 at 4:25 am | News Release

The International Astronomy Union (IAU) is General Assembly XXXIl in Cape Town, South Africa, August 6 —
15, 2024. This event is one of the world's largest international gatherings of astronomers, and the U.S.
National Science Foundation National Radio Astronomy Observatory (NSF NRAC) and the Green Bank
Observatory (NSF GBO) will share their latest science and resources through presentations and exhibits.

QENERAL ASSEMALY

Communications Training: EPO team members continue to offer public speaking and media
communications training and coaching. The News Manager was included in HR’s new manager
training to reinforce that they should always reach out to the PIOs for media training before talking
with the press. In addition to this broad staff training, individuals were coached before their press
conferences.

Liaison with ALMA Partners: As part of the NRAO collaboration with the ALMA partners, the
EPO Public Information Office coordinated its ALMA media relations efforts with the partners and
the JAO through monthly telecons. This ensured the broadest possible exposure for ALMA news
while maintaining the autonomy and individual outreach goals for each partner.

operations to continue a series of €ssays AbOUL the i i e wosme conmas onscmms oy s easammmesions

(STTC) came out to see us last week for a tour of the Very Large Array (VLA) and a sneak peek at

various VLBA sites. Due to budget restraints, one Site i cnucton ankyou forvsng: +
was visited in Q4 FY2024 to capture photo content for the = = T
blog. The blog will be published in Q1 FY2025. = '

VLBA P hOtO Essay E PO COOFdInated W|th VLBA e National Radio Astronomy Observatory (NRAO)

Social Media: Social media provided a platform for
unique content and amplified the distribution of new
content on the NRAO public website and press
products. In addition to regular blogs on the NRAO
public website, three social media platforms are v
maintained: Facebook, Twitter, and Instagram, each with a different format and audience, and
NRAO added a presence on LinkedIn. All platforms demonstrated growth throughout FY2024.
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Multimedia Engagement

A dedicated, creative team of animators, artists, illustrators,
designers, writers, and web developers designed and developed
unique multimedia materials, in support of the news and
information page, social media, and STEAM efforts, as well as
creating new products that were distributed through the public-
facing website, school programs, and the VLA Visitor Center. The
artists in the multimedia group created engaging, vibrant, and
informative visuals to support the press and image releases.

Above - Artist’s illustration of
a millisecond pulsar.

Credit: B. Saxton US
NSF/AUI/NSF NRAO

Left - Panoramic ALMA
photo. Credit: Bettymaya
Foott (US NSF / AUI / NSF
NRAO)

ALMA Photography: Building on the success of the VLA legacy photography effort, the Art
Director visited ALMA along with astrophotographer Bettymaya Foott to capture daytime and
nighttime photography for the NRAQO’s portfolio. These fresh images create opportunities for
social media to highlight this facility. The photoshoot was completed by Q4 and was coordinated
with the JAO. Social media campaign featuring images and videos will follow in FY2025. Some
video footage of the site was also captured.

Virtual Reality (VR): EPO
continues to support and
maintain VR products
through  hardware  and
software updates and
provide content support for
STEAM Ed and outreach
uses of VR. EPO expanded
the products to include 3D
models into Merge Cube, an
Augmented Reality platform
used in classrooms (right).
Using this product allows
students to experience the
NRAQ’s antennas using their
own phones and devices
without the need for
expensive VR goggles and
equipment.
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https://www.bettymayafoott.com/
https://mergeedu.com/cube
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ELEVATION : : :
DETERMINE THE BUT THEN YOU
SURFACE

Exploring the Crab Nebula’s Holography Testing: Perfecting OZMA@50  Unlocking  the

Mysterious Past

Reflective Surfaces Mystery of Space Artifacts

Short Form Video Content: The Multimedia Team created short form video content in reels and
shorts format. The NRAO Shorts are 30-60 seconds long and were created from existing
completed video projects, as well as by adapting “Ask an Astronomer” questions using a diverse
group of staff as on-camera talent. The purpose of the project was to create engaging and
informative video content that can be easily shared on social media platforms, such as Instagram
and YouTube. Subjects were determined in collaboration with the social media team.

uuuuu

Gift Shop

Website Updates, Maintenance, and Analytics: EPO
maintained the public website through consistent software
updates to enhance front end and back-end efficiency and
security. Industry standards were deployed for search engine
optimization to ensure web outreach efforts were effective and
as broad as possible. Public web pages were updated
throughout the year. The focus of the VLASS page was updated
to highlight the discoveries that resulted from multiple epochs.
The major revisions on the Outreach and Events page saw the

addition of two additional programs, Learning Labs and Storytime, the descriptions of which
remain hidden from public view until new STEAM Ed staff are on board to support.

STEAM Education and Outreach

The NRAO STEAM Education team designs teaching and
learning experiences for K-grey learners, with the exception
of authentic research experiences for undergraduates that
are managed by colleagues in SSR. Initiatives for FY2024 &
included the following. The STEAM Education team g
experienced high vacancies and hiring challenges with all
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https://www.youtube.com/@NRAOEPO/shorts

three full-time positions remaining open from early July through the end of the fiscal year.
Leveraging the part-time tour guides, EPO was able to continue to support all reserved guided
tours. While the volume has decreased with the resumption of in person programming the Virtual
tours remain a popular alternative for those groups who are unable to physically visit the NRAO’s
facilities.

VLA SPRING
OPEN HOUSE

VLA Tours and Open
House: As the NRAO’s most
accessible facility, tours of
the VLA are a priority
| offering. Public tour offerings
include Self-guided tours
which are the norm along
with guided tours, which
were expanded to be offered
every Saturday. Additional
TicK private guided tours are
@ offered by reservation for
educational groups and

& special interest  groups.
Open houses (above) were hosted in October and April W|th over 500 attendees at each. Planning
and execution were done in collaboration with NM Ops.

Solar Eclipse Outreach: Developed a pinhole viewer, wrote
two blogs titled How to Safely View the Eclipse and Eclipses
and Exoplanets, conducted a Teacher Professional
Development workshop for Charlottesville City Schools
teachers, and engaged over 4000 visitors to the National Mall
during the April 8, 2024, eclipse (right).

Staff Outreach Tracking: STEAM Ed continued to distribute |
a Google Form to capture participation of staff in outreach
events other than those organized by the NRAO. The form
asks for information about the organization and/or contact who
reached out to them, age group(s) they are working with, and
if they require EPO support (materials, swag, training). !
STEAM Ed shared this form Observatory-wide and tracks

wider audiences and engagement metrics.

Stakeholder Engagement with Local Communities: The STEAM Ed Education Spemahsts in
Charlottesville and Socorro continued to engage with their local schools and educators to assess
their needs and determine how STEAM Ed can best support them with NRAO resources (e.g.,
classroom visits, lesson plans, after-school activities, field trips, etc).

Sister Cities and Observatories: This NRAO-funded program partners two high school students
and a teacher near the VLA in New Mexico with two high school students and a teacher near the
ALMA site in northern Chile in a joint cultural/learning exchange, using a scientific experiment as
a connecting thread of inquiry. This program was on hiatus through COVID. Discussions occurred
on whether to move forward with this program, ultimately deciding to explore other options which
would engage a larger number of individuals.
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MANAGEMENT AND ADMINISTRATION

The NRAO organization in 2024 consisted of departments, which were made up of divisions and groups. This
organization emphasizes Observatory-wide management and coordination in key areas, including Program
Management, Data Management and Software, Education & Public Outreach, Science Support & Research,
Administration and Budget, the Director’s Office, and Science Communications,

Phil Jewell continued as Assistant Director for the North American ALMA department. Jewell
oversees the NA ALMA Science Center and the ALMA Development Program, coordinates the
ALMA maintenance program, and is the face of ALMA to the North American scientific community.
Jewell also continued in a part-time role as the NRAO Deputy Director.

The New Mexico Operations department, based in Socorro, was led by
Assistant Director Trish Henning. New Mexico Operations includes all NRAO
staff engaged in the operation, maintenance, calibration, performance, and further development
of the scientific capabilities of the Jansky VLA and the VLBA.

Faye Giles, Assistant Director for Human Resources, directs Observatory-wide human resources
policies and programs, including compensation, benefits, recruiting, employment, employee
relations, organizational development, performance management and training.

The Program Management department (PMD) led by Assistant Director Diane Paulson provides
program and project management support and systems engineering services to NRAO project
leaders and Pls. The PM department strives to provide visibility, transparency, and consistency in
reporting within NRAO and externally to NSF and outside partners or customers; identify and
provide resources for program management and systems engineering needs across all NRAO
projects; review new projects for alignment in supporting the Observatory’s long-term strategic
goals; and compile deliverables.

Assistant Director Barbara Gruber leads the Education & Public Outreach department. The NRAO
EPO program provides major components of the public’s return-on-investment, marshaling NRAO
resources in support of Science, Technology, Engineering, Art, and Math (STEAM) education.
EPO also inform the science-interested public about the Observatory, its facilities, and the latest
technical and scientific achievements of its users and staff.

The Data Management and Software (DMS) department led by Assistant Director Jeff Kern
manages data archiving at NRAO, including access, distribution, provisioning, and operations.
DMS manages the data reduction pipeline infrastructure implementation and technical operation;
high-performance computing platform definition, acquisition, and operation; and network
provisioning to the external community and between sites. DMS also has primary responsibility
for all user-facing and telescope software.
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The Central Development Laboratory (CDL) led by Assistant Director Bert Hawkins supports the
evolution of NRAO'’s existing facilities and provides the technology and expertise needed to build
the next generation of radio astronomy instruments. CDL accomplishes this through development
of the enabling technologies: low-noise amplifiers, millimeter and submillimeter detectors, optics
and electromagnetic components, including feeds and phased arrays.

Based in Charlottesville and led by Assistant Director Laura Lockledge, the
Administration department provides the administrative and non-programmatic
services to NRAO; including: business services, contracts and procurement,
environmental safety and security, management and information systems, and
technology transfer. Jason Jennings is the Charlottesville-based Assistant
Director for the NRAO Budget Department, leading a team of fiscal and
accounting experts.

Assistant Director Anthony Remijan leads the Science Support & Research (SSR) department.
SSR is responsible for the Observatory’s scientific interface to the NRAO user community. This
Observatory-wide department also coordinates, aligns, and manages the collective efforts of
scientific staff in Charlottesville and Socorro.

The NRAO / AUI Office of Chilean Affairs (OCA) supports the interests of the Observatory and its
parent organization, AUI, in Chile, particularly the North American participation in ALMA. Led by
Assistant Director Paulina Bocaz, OCA provides ALMA with legal, payroll, and travel support, and
provides the legal and institutional support for numerous contracts and procurements for ALMA
Operations in Chile.

The Science Communications Office (SciCom) led by Brian Kent is also attached to the Director’s
Office and is responsible for communicating NRAO science, accomplishments, priorities, and
plans to the science community, the NSF, and other key external stakeholders. The office leads
the NRAO exhibitions at science, engineering, and technical conferences worldwide.

The NRAO Chief Scientist, Chris Carilli, reports to the Director about the Observatory's scientific
mission and community requirements. The guidance provided by the Chief Scientist bridges all
the telescope facilities of the NRAO and collaborations with other major facilities around the world.
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Workforce Management

Human Resources, in collaboration with Budget, partnered with the Assistant Directors to update
the Observatory Workforce Management Plan (WMP). The WMP defines the Observatory’s
workforce environment, articulates the future workforce environment, and outlines planned
transition activities necessary to move from the present to the envisioned future.

Green Bank Observatory Reintegration: Green Bank Observatory separated from the NRAO in
2017 under direction of the NSF. Since that time, several administrative functions have operated
under a Service Level Agreement (SLA) with NRAO and GBO for services such as telescope time
allocation, library services, IT support, human resources, administrative services of contracts and
procurement, safety, management information systems, budget, and international spectrum
management. With the ending of GBO’s current CSA in FY2024, the reintegration, from an HR
perspective, has seen no noticeable impact to staff.

Some departments and disciplines such as Budget, Software Development, Public Relations and
Project Management were re-integrated in FY2023 to begin the transition. NRAO Human
Resources helped guide the remaining decisions around the workforce re-integration by working
with GBO and NRAO management to assess which positions and departments would need to be
restructured and realigned by Q4 FY2024, preparing the new agreement and structure to begin
in FY2025.

A continued aggressive hiring strategy to fill critical roles will involve leaning on a multitude of
strategies including telecommuting agreements, remote workers, apprenticeships, short-term
assignments that are assigned to project work, co-ops, and the recruitment of early career
candidates with a focus on training. GBO will work with various state agencies, technical trade
schools, and universities to identify candidates and strategies for these efforts.

Training and Development

Developing the next generation of Observatory leaders is paramount to future success. The
generational switch in the next five to ten years could leave the organization with a leadership
void as today’s leaders exit the workplace, and the next generation of leaders is needed to step into
these roles.

Mental Health First Aid: HR offered Mental Health First Aid (MHFA) sessions across the
Observatories. MHFA is a skills-based training course that teaches participants to identify,
understand, and respond to mental health and substance use challenges. The training gave staff
the skills needed to reach out and provide initial help and support to employees who may be
developing a mental health or substance use problem or experiencing a crisis. Mental Health First
Aid training was implemented in a tiered approach beginning with the Observatory’s Ombuds
representatives and then offered to the management groups. An Observatory staff member has
been trained to deliver these programs. Additional opportunities for staff to be trained as trainers
of MHFA through the Observatory’s Professional Development funding was available. Results
from the 2022 Employee Climate Survey found two-thirds of staff indicated that their job produced
a large amount of personal stress. To address stress management, HR provide a set of tools to
recognize and respond to the challenges our employees experienced.

Emtrain Online Training Platform: In FY2024, Human Resources implemented the Emtrain
training platform used for initiatives such as Unconscious Bias training for search committee
members and the annual required Preventing Harassment, Bullying and Discrimination course for
all employees. Emtrain was selected as the new platform as the platform can accommodate state
by state compliance requirements for specific training. The platform was implemented in FY2023
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with introductory use for search committee members and new employee compliance training. The
platform has many DE&l learning modules that were explored during FY2024 as well as the
launch of the annual mandatory Preventing Harassment, Bullying, and Discrimination training.

Re-envisioning Succession Planning: Human Resources reviewed and evaluated Succession
Planning across the Observatories as a follow up from the annual Observatory Leadership Cohort
program. While Succession Planning had been addressed in past years, the HR department
reviewed internal documentation and processes. The new HRIS (Dayforce) has a robust
Succession Planning module that will be deployed in CY2025.

Observatory Leadership Cohort (OLC) planning: The success of the OLC program has been
remarkable. The Observatories are proud of the three previous cohorts who have successfully
completed the year-long program. The OLC Il concluded with project presentations and
graduation in April 2023. Planning for the OLC IV was completed and the first workshop took
place in October 2024 in Charlottesville and Green Bank.

Total Rewards: NRAO HR works closely with AUI Benefits to develop total rewards programs to
attract, recruit, retain, and reward employees. Compensation/Benefits and HR are constantly
reviewing and benchmarking available programs for competitiveness and employee engagement.
Additionally, HR assists with benefits enrollment processes to ensure benefits plans are
administered accurately and efficiently.

Retirement Provider Review: The AUl Retirement Committee, in partnership with the Retirement
Broker, completed a thorough review of the multi-vendor retirement providers to ensure
compliance and efficiency of recordkeepers on behalf of participants and plan sponsors. The
committee reviewed and researched efficiencies around administration and fiduciary
responsibilities surrounding liabilities of having multi-vendor availability. A single vendor was
selected as the Retirement Plan Record Keeper. This initiative required a great deal of planning
due to the compliance and fiduciary complexities. The transition was a huge success and HR will
continue to monitor the transition.

Performance Management System Review: The NRAO’s performance management software
service contract was set to end in August 2024. The decisions and timeline of AUI's Enterprise
Resourcing Planning (ERP)/HRIS project determined the scope and direction of this goal.
Research was conducted to evaluate whether the ERP / HRIS would include the necessary
performance management functionality. HR decided to continue with the current system through
the end of the contract period and continue to evaluate the functionality in the new HRIS
(Dayforce) in CY2025.

Recruitment/Employment: The Recruitment/Employment function of the HR department is the
first point of contact prospective employees experience with the NRAO. The strategies and tactics
deployed in the recruitment and hiring of qualified candidates are key in contributing to NRAO’s
commitment in achieving the overall mission of the Observatories.

Implementation of Automated Reference Checks: In an effort to improve efficiency, NRAO HR
has identified processes that could be automated. In Spring 2023, the recruitment team evaluated
several automated reference check systems and selected Refnow as a suitable and affordable
option with a very high return on investment. The NRAO recruitment team fully implemented the
use of the Refnow system and automated reference checks.

Explore Features of the Current Applicant Tracking System to Improve Offer Processes:
While many process improvements have been implemented in the Jobvite Applicant Tracking
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System (ATS), the Observatory still relies on manual processes to approve and extend offers of
employment. The recruitment team explored the feasibility of implementing an automated
workflow process to document offer approvals and record offer communication. This was
implemented in FY2024.

Evaluate Opportunities to Collect Stakeholder Feedback Regarding Recruitment and
Hiring Process: In Spring 2023, the Observatory Leadership Cohort (OLC) identified collection
of feedback from new hires and hiring managers as an opportunity to improve processes. By
collecting feedback, the recruitment team was able to fully understand the needs of their
stakeholders and evaluate possible areas of improvement. This had led to improved processes
and greater efficiencies.

NRAO administrative staff visit the Robert C. Byrd Green Bank Telescope in West Virginia.
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SCIENCE COMMUNICATIONS

The Science Communications Office (SciCom) collaborated with the Observatory’s scientific staff,
senior management, and Director's Office to communicate the NRAO vision, science,
accomplishments, and plans to the U.S. and international science communities, NRAO/AUI staff,
and key external stakeholders, including NRAO advisory committees and the NSF.

AAS NeW Orleans exhibition, where NRA o) talks to members of the science commun/ty

Our Community of Scientists and Engineers

SciCom/NRAO is a sponsor of the annual international
Astronomical Data Analysis and Software Systems (ADASS)
conference that focuses on cutting edge computing in the
astronomical sciences. The November meeting of ADASS was
hosted by the University of Arizona in Tucson, Arizona.
Eighteen participants from NRAO and ALMA attended, giving
invited talks and contributed research posters. The NRAO
exhibition displays and literature were available to scientists aApass Exh/b/tlon in Tucson
and software engineers at the meeting.

The winter AAS conference was held in New Orleans,
Louisiana from 12-16 January 2024. The NRAO and GBO
sponsored three special event proposals. The first session was
on ALMA as a high-z powerhouse and the impact of the
Wideband Sensitivity Upgrade. The second session informed
the astronomical community about ngVLA and Space Weather
on Other Worlds. The third session examined GBT Science
with Large Surveys of the ISM and Star Formation. In addition
to the NRAO exhibit displays, the Observatory hosted a Town

Hall reception so that meeting attendees could interact with
Student talks at AAS New Orleans NRAO staff and learn about the latest science capabilities.
The NRAO and AUI also participated in the REU and Grad Student Fair event with new displays
and material. The NRAO exhibition was front and center in the exhibition hall and was well
received by the AAS, NSF, and conference attendees.
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SciCom and NRAO sponsored a large, centralized exhibit at
the American Association for the Advancement of Science
(AAAS) annual conference in Denver, Colorado from 15-17
February 2024. As a prominent display representing the
astrophysical sciences, the NRAO was able to showcase
facilities and science to the broader scientific community.
NRAO had an accepted proposal for a special science
session entitled “Astronomical Radar: Exploring the Solar
System and Defending Planet Earth.” The session featured
a variety of speakers from the radar astronomy community,
including Edgard Rivera-Valentin (Johns Hopkins), Marina
Brozovic (NASA JPL), and Patrick Taylor (NRAO).

AAAS with Dr. Patrick Taylor in
Denver, Colorado.

| The NRAO and SciCom were invited to a conference
¢ sponsored by the Simons Foundation and the
University of the West Indies, St. Augustine (UWI), on
Trinidad and Tobago, 10-14 March, 2024. The NRAO
worked with undergraduate students and Professor
Shirin Haque (UWI) on an introduction to radio
astronomy, focusing on open-access data from the
NRAO VLA Sky Survey with conference participants.
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Staff from NRAO at the University of the West Indies

SciCom brought the NRAO exhibition displays to downtown ™=
Charlottesville for the International Symposium on Space
Terahertz Technology (ISSTT) from 8-11 April, 2024. This
conference was sponsored by the NRAO Central
Development Laboratory and Virginia Diodes, Inc. and
focused on instrumentation and engineering development.

ISSTT exhibit in Charlottesville

The summer 2024 American
Astronomical Society meeting took place
8-14 June, 2024 in Madison, Wisconsin.
SciCom organized NRAO and GBO
participation at this AAS for the multi-day
Exhibition as well as the Student and
REU Fair events.

AAS exhibition in Madison, Wisconsin
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SciCom and CDL collaborated for a new conference this
year in Washington, D.C.— the International Microwave :
Symposium (IMS). Over 7000 attendees from industry oSl || EE—— ngVL A
and academia exhibited from 17-21 June 2024. The SPGBl

NRAO also participated in hosting the local high school
student education program.

Seevition Very Large Array

IMS exhibition in Washington, DC

The International Astronomical Union (IAU) held its General
Assembly conference in Cape Town, South Africa, 4-17
August 2024. The NRAO and SciCom provided media for the
IAU Focus Meeting “Atomic to Molecular Gas from IR to Radio”
L/ g in conjunction with the ngVLA community. SciCom organized

Students in Cape Town, South Africa  the multi-day NRAO Exhibition at the front of the IAU Cape
Town exhibit hall. NRAO hosted local Cape Town middle
students on two occasions during the meeting, to share information about telescopes and radio
astronomy.

SciCom also revamped the monthly NRAO
Science Newsletter with a new design to match the
look and feel of the NRAO web presence. This
Science Newsletter is distributed to 10,000 | k== —
subscribers on a monthly basis. This online
newsletter has information on new science, facility
updates, conference events, history, media, and
software.

*| National Radio
Astronomy
20 Observatory

The ViA Transpori

the
differ

Upcoming Events

The New NRAO Science Newsletter
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ADMINISTRATION

The Observatory Administration Services (Admin) department provides administrative,
management, and non-programmatic services to the Observatory. The NRAO reorganized the
department in 2023, including the Budget division and releasing the Environmental Health and
Security division. Admin areas of responsibility include Budget; Business Services; Contracts and
Procurement (CAP); CIS (See Section 9); Management Information Services (MIS); the
Technology Transfer Office (TTO); and Events Coordination.

Budget

The Budget division manages, conducts, and develops the Observatory-wide budgeting activities
for NRAO, including North American ALMA Operations and coordination with budgeting activities
of the OCA and the JAO in Chile. It monitors for cash flow, budget conformance, and develops
recommendations for adjustments; defines, manages, and monitors Internal Common Cost (ICC)
recovery; coordinates detailed financial analysis and research, and performs any special research
and other projects as required. The division monitors budget status and ledger reports and assists
project managers and budgeting entities in submitting accurate and viable budget proposals.
Consistency of sound Observatory practices and procedures is ensured while adopting best
practices applicable to Federally Funded Research and Development Centers (FFRDC).

Cost Estimating and Project Support: The Budget division works closely with the Project
Management Department to appropriately cost and track project budgets. The department also
maintains a set of estimation and budgeting tools for use in project development.

Budget Operations: The annual budget cycle consists of loading the budget prepared in the prior
year, monitoring that budget through a series of forecasts and monthly financial reports, taking
action as required and in collaboration with the departments, and reporting on budget progress at
the quarterly status updates (QSU). The prior year (FY2023) will be closed and any remaining
balances reallocated to FY2024. Closeout includes preparation of audit materials and final rate
submissions. Preparation for the coming fiscal year occurs through initial discussions with NSF
at the Spring Budget meeting and the preparation of preliminary budget figures for the
departments culminating in the annual Budget Summit where the Observatory reviews planned
actions and marginal resource allocations for the coming year.

Internal Common Costs (ICC): The Budget division creates, documents, and maintains the
Observatory Indirect Cost (IDC) rates, of which there are presently two. This includes collecting
costs and cost descriptions, developing and administering the rates, and preparing the annual
preliminary and final rate submissions to AUl and NSF for review and approval. As the absolute
level of activity grows among the AUl Observatories, the rate pools and functions will increase
proportionally.

Enterprise Resource Planning (ERP): AUl has announced their intention to replace the JD
Edwards ERP system with a system that will provide better support to the NRAO/GBO programs.
The Budget division will participate as needed in the selection, development, implementation, and
training of a new ERP, as required. This comprises adapting policies, procedures, and practices,
including the definition of the ICC pools in the new system.
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Budget Training: In FY2022, Human Resources established a new manager training program.
The Budget Department participates in this program in addition to providing ad hoc training
opportunities for new and developing staff.

Business Services

Observatory Risk Management: The Administration Department works closely with the EHS
department and AUI to implement an insurance program appropriate to AUI/NRAO/GBO’s risk
profile, resource availability, and CSA requirements. The group will also deliver the annual
insurance renewal process in Q1 for the new insurance year. In Q2, the group performs the annual
audit of the worker’s compensation program. This will be the first program to be placed with a new
insurance broker, Lockton. This will entail significant preparation and assistance in program
marketing.

Facilities Management: A new area of emphasis for the department is the development of a
cross-Observatory facilities management function. This function will work to build an inventory of
physical plant assets, use a common vocabulary to describe the condition of the assets, and work
with the sites to characterize and prioritize replacement/mitigation needs. Sustainability, energy
conservation, and planning to meet future demands will drive the replacement and maintenance
strategies. This function will work closely and collaboratively with the site plant managers, EHS,
and AUI fixed asset management.

Contracts and Procurement

CAP procures products and services in an efficient manner, utilizing competition to obtain the best
product at the lowest price consistent with the specifications, performance, and delivery schedule.
The goal is for the result of all procurements to provide the best overall value to NRAO. The
division has a procurement manual in place incorporating 2 Code of Federal Regulations (CFR)
Part 200 regulations to promote a common understanding of procurement objectives and to
ensure uniform interpretation of Cooperative Agreement requirements, NRAO policies, and other
government laws and regulations. These policies provide a basis for establishing management
control and serve as a document for standard procedures for procurements and developing
contracts. The division has procurement staff at each of the sites and staff that manage outside
funding awards and export compliance.

Management Information Systems (MIS)

MIS is committed to successful business/financial systems and business continuity for
AUI/NRAO. MIS’ role is for the support of and responsibility for the Enterprise Resource Planning
(ERP) software and related systems. This includes the Oracle J.D. Edwards ERP software. These
systems support a variety of areas, including, but not limited to: AUI Fiscal and Payroll, Human
Resources, benefits, reporting, procurement, employee self-service, and Electronic TimeKeeping
(ETK).

Technology Transfer Office

The Technology Transfer Office’s (TTO) main objectives are designed to meet the mission and
purpose of the NRAO, the NSF, and the directives from the U.S. Congress and U.S. Executive
branches to support commercialization of federally funded research and technology development.
These objectives are to actively seek entrepreneurs and new product development teams to
commercialize Intellectual Property (IP), and to engage industry for broader scientific and
commercial collaboration.
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SPECTRUM MANAGEMENT

Electromagnetic Spectrum Management (ESM) is the process of managing the use of radio
spectrum in order to minimize harmful interference while ensuring that the spectrum is used most
efficiently and with the greatest benefit. The means by which spectrum management endeavors
to implement its goals are: allocation of frequency bands to radio services; writing rules for the
compatible use of allocated bands; and making interference-free frequency assignments to
individual transmitters within the allocated frequency bands.

Effective spectrum management is becoming increasingly important as the use of wireless
communication grows rapidly. Spectrum allocations and spectrum rules are formulated at both
national and international levels. The NRAO participates in national and international spectrum
management to protect and improve upon observing conditions for all astronomers and has done
so since its inception. In the coming decades, as the radio spectrum becomes increasingly
crowded at ever higher frequencies, the NRAO will need to remain aware of threats, and to build
internal and external (cooperative) capabilities to use the spectrum in flexible ways.

The ability to observe without harmful radio frequency interference (RFI) is fundamental to NRAO
science. The NRAO undertakes a variety of activities directed at understanding existing and
emerging RFI sources and maintaining a clean electromagnetic environment at and around its
facilities. Activities include testing of installed equipment, formulating rules regarding operation of
installed and visiting equipment, and mitigating or remediating externally interfering sources. The
main areas of activity for Spectrum Management at the NRAO are: (1) Site Spectrum
Management, (2) National and International Spectrum Management, (3) efforts related to the
NRDZ Project, and (4) the regular monitoring and concurrence duties of the National Radio Quiet
Zone (NRQZ) and the Puerto Rico Coordination Zone (PRCZ) carried out by the Zone Regulatory
Services (ZRS) Coordinator.

Site Spectrum Management

The VLA, VLBA, and GBO carry out regular RFI monitoring of their respective sites. Regular
monitoring and cataloging of RFI signals are essential to understanding the status and changes
to local RFI conditions. In addition, the Zone Regulatory Services (ZRS) Coordinator carries out
all coordination activities as described in Section 16.4 below.

Regular RFI monitoring is carried out at all NRAO sites, with bi-weekly, full spectrum (1-50 GHz)
scans at the VLA, and regular weekly scans (as receivers are available) at the GBT. The VLBA
also carries out regular RFI scans, and Spectrum Management is in discussion about the best
way to include the VLBA RFI scans in the growing database of RFI information.

RFI Mitigation Activities at Sites: The NM Operations Interference Protection Group (NM-IPG)
coordinates spectrum usage for the VLA and VLBA sites. Activities at the VLA site, links to
resources for observers, RFI scans of the spectrum, etc., are described in the NRAO Radio
Frequency Guides. Similar RFI monitoring resources exist for the VLBA antennas. The GBO
likewise has an active Interference Protection Group (GBO-IPG) that is charged with monitoring
local RFI conditions. ALMA has several scientists that are assigned to RFl issues at the Atacama,
Chile site.

The Spectrum Management team tests the Advanced Spectrum Monitor (ASM-2) in the
chamber at Green Bank. Photo courtesy of Chris De Pree (US NSF /AUl / NSF NRAO).
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https://science.nrao.edu/facilities/vla/docs/manuals/obsguide/modes/rfi/
https://science.nrao.edu/facilities/vla/docs/manuals/obsguide/modes/rfi/
http://www.vlba.nrao.edu/astro/rfi/

Some of the activities carried out by the NM-IPG and GBO-IPG include:

¢ Responding to requests for Special Temporary Authority submitted through the NSF from
the National Telecommunications and Information Administration (NTIA).

¢ Informing external spectrum users at the U.S. Space Command (GPS-L3), the tethered
aerostat radar system (TARS) sites, and other military and commercial shared-spectrum
users of NRAO and the National Astronomy and lonosphere Center (NAIC) planned
spectrum usage each month.

¢ Monitoring site spectrum conditions using telescope observations and external monitoring
equipment, and reviewing the resulting spectral plots and observer reports to detect new,
unknown RF emissions. Detections in spectrum allocated to radio astronomy trigger
source identification and technical discussions with the responsible spectrum user.

e Performing radio frequency emissions tests on incoming commercial or NRAO-designed
equipment and reviewing the results to determine interference potential. Equipment found
to exceed the detrimental limits are either rejected, modified, shielded, or resubmitted for
redesign.

Coordinated RFI Monitoring: Communication between these IPG groups is essential, and the
NRAO has organized an RFI Working Group that meets twice a year, once in October and once
in March to discuss issues of interest to all sites. These meetings involve staff from the GBO, the
VLA, ALMA, and NRAO headquarters in Charlottesville. These bi-annual meetings have served
as valuable opportunities for scientists and engineers from all sites to have regular
communication.

In January 2024, NRAO Spectrum Management launched a new RFI Journal Club that meets
once per month and is open to both internal and external audiences. This Zoom-based meeting
has featured speakers from NRAO and other institutions engaged in RFI studies. These monthly
events are organized by representatives, one each from GBO, the VLA, and Charlottesville.

National and International Spectrum Management

National Issues: The NRAO comments on matters arising at the Federal Communications
Commission (FCC). In a busy FY2024, NRAO submitted six filings mostly related to the nascent
development of satellite direct to cell communications that employ satellite signals 30-50 dB
stronger than other radiocommunication applications like internet broadband and GPS. The
NRAO participated in the domestic mirror of International Telecommunication Union
Radiocommunication (ITU-R) Working Party 7D for radio astronomy, hosted by NSF, and other
working parties hosted at FCC and NTIA. There is a continuing interaction with the National
Academies Committee on Radio Frequencies (CORF), one of whose members is an NRAO
staffer, and a presentation at their annual open meeting in May. CORF will meet at the NRAO
headquarters in Fall 2024 and also tour the GBO site. The NRAO spectrum manager is an active
member of the AAS Committee on the Protection of Astronomy and the Space Environment
(COMPASSE).

International Activities: The NRAO spectrum manager is the chair of IUCAF, the Scientific
Committee on Frequency Allocations for Radio Astronomy and Space Science that reports to the
International Science Council, IAU, URSI and COSPAR. IUCAF provided technical studies and
treaty text for issues of concern to radio astronomy under agenda items at the World
Radiocommunication Conference (WRC-23) in Dubai in November-December 2023 and
contributed to ITU-R working party meetings preparing for WRC-27 in Geneva and Kazakhstan.
The NRAO spectrum manager is a member of the Lunar-Martian Spectrum Group at the Space
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Frequency Coordination Group where national space agencies convene to synchronize their
approaches to issues of spectrum management in support of space missions and lunar radio
astronomy in the Shielded Zone of the Moon. NRAO presented a status update of its Operational
Data Sharing (ODS) system at the IAU 385 in Fall 2023, and at the IAU General Assembly in
Summer 2024.

National Radio Dynamic Zone (NRDZ) Related Activities

The U.S. National Science Foundation has funded research into the dynamic use of spectrum
since 2020, and NRAO currently has several active grants that support this work. Spectrum work
in support of the NRDZ project primarily includes a Spectrum Innovation Initiative grant (SlI-
NRDZ), and a SWIFT-SAT grant. These grants support (1) a better understanding of the RFI
environment of NRAO radio astronomy sites (VLA and GBT), (2) continued development of the
Advanced Spectrum Monitor (ASM-2; this work is described in the CDL section), (3) an
assessment of the impact of satellite constellations on NRAO radio astronomy sites, and (4) the
development of Operational Data Sharing (ODS), a pilot program that informs SpaceX/Starlink in
real time about the current status of our telescopes.

RFI Environment: In the past year, NRAO has increased the frequency of RFI scans, particularly
those made at the VLA. Currently, RFI scans in New Mexico are made every two weeks, covering
the full operational frequency range of the telescope (1-50 GHz). These data are now regularly
calibrated and processed to be viewable in an adapted version of the GBT RFI GUI, used to
search GBT RFI scans. A Spectrum Software Engineer has been hired who will develop a unified
RFI GUI that will be able to view multiple datasets, including the GBT, the VLA, and data from the
CHIME outrigger.

Advanced Spectrum Monitor: The ASM-2 is a direction-finding spectrum monitoring device that
covers 1-50 GHz. Its progress is described in detail in the CDL section.

Impact of Satellite Constellations: NRAO has performed regular tests to gauge the impact of
satellite constellations on the normal operations of NRAO telescopes. Most recently, NRAO
carried out tests of SpaceX’s new Supplemental Coverage from Space (SCS) system at the VLA
(July 2024) and GBT (September 2024). Analysis of these tests is ongoing. Spectrum
Management has also had regular (monthly) meetings with Amazon-Kuiper as they develop their
satellite broadband system.

Operational Data Sharing (ODS): ODS became fully operational at the VLA site in August 2024.
Soon after the start of ODS operations, SpaceX began sharing data related to its engagement of
Telescope Boresight Avoidance. The fundamentals of the system are described in a recent paper
(Nhan et al, 2024), and NRAO and SpaceX continue to work together to make the system
operational at the GBT in the NRQZ.

Zone Regulatory Services (ZRS)

The National Radio Quiet Zone (NRQZ) was established by the Federal Communications
Commission (FCC) in 1958 to minimize possible harmful interference to the NRAO in Green Bank,
WV and the radio receiving facilities for the United States Navy in Sugar Grove, WV. The NRQZ
encloses a land area of ~13,000 square miles, mostly in Virginia and West Virginia. The Zone
Regulatory Services (ZRS) Coordinator oversees both the National Radio Quiet Zone (NRQZ) and
the Puerto Rico Coordination Zone (PRCZ). The ZRS Coordinator analyzes all incoming NRQZ
coordination requests and is in regular contact with the GBO Interference Protection Group (GB-IPG),
meeting biweekly and updating other members of the group about current and upcoming NRQZ
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activities. The coordinator also attends monthly NM-IPG meetings (mentioned above), and meets
regularly with the PRCZ Program Administrator, who works remotely in Puerto Rico.

The NRQZ office is continuing its reconfiguration of the concurrence application process from an
email-based system to a web-based system, supplemented by a short-term NRQZ helpdesk which
became operational in Q1 FY2024. Internal and external documentation on the NRQZ process was
completed in Q2, and computational and archiving machines were moved to NRAO-CV. The NRQZ
office is continuing to develop the web-based system. NRAO tested early versions of this new system
in Q4 FY2024, with plans to roll out an external facing pilot by Q2 FY2025.

In FY2024, the NRQZ office began the process to visualize completed and outstanding applications
around GBO, with a focus on applicants and a number of analyses per application. In all, 429
applications were received in FY2024, of which 40% were cellular, both dropping slightly from the
previous two years. Of these 429 applications, there were around 40,000 individual sites or
technologies to be analyzed. On average, there are approximately 8 propagation studies to be run
per application, however several water meter projects and distributed antenna systems were received
in FY2024, resulting in thousands of studies per application. Of these 429 applications received in
FY2024, 350 have been completed, resulting in a letter of concurrence, with the remaining 79 either
awaiting additional engineering from applicants or closed on the applicant’s request.

David Bordenave talks about a new antenna design at the 2024 AAS conference.
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DIRECTOR’S OFFICE

The NRAO Director’s Office establishes, refines, and disseminates the mission, vision and overall
strategic goals of NRAO through a proactive and continuous assessment of needs and priorities of
the organization and the scientific community. The Director’s Office plays a major role in formulating
and executing national priorities for research in radio astronomy and other areas of astronomy, and
strives to grow the radio astronomy community and improve the scientific relevance of radio
techniques and observations.

Observatory Leadership

The NRAO Director provided strong leadership to the Observatory’s management team, working
with the senior staff to ensure that the Observatory’s science mission and operational requirements
were translated into the specific plans and deliverables and executed effectively, including
appropriate delegation of roles, resources and responsibilities throughout the organization. The
Director’s Office nurtured collaboration among NRAO staff, communicating openly with staff at all
levels, seeking input, creating an environment of trust across the Observatory, and providing
positive feedback in a timely and constructive manner. The Director managed the Observatory on
a day-to-day basis, facilitating issue resolution between functional areas and departments, and
routinely monitoring organization performance.

The Director and Director's Office staff prepared for and executed internal and external
Observatory reviews and were responsible for the production of appropriate information to all
stakeholders in a timely manner, enabling quantitative insight to Observatory performance,
including NSF deliverables.

The Director’s Office developed support throughout FY2024 for the NRAO program within the
scientific community and with funding agencies, the U.S. Congress, and local, state, federal and
non-governmental organizations. The Director's Office developed and maintained strategic
relationships with national and international agencies, partners, governments, industry and other
private sector entities, and all other stakeholders or customers relevant to the Observatory.

Working with the AUI Executive and Board, the Director helped develop and implement AUI's
vision for the NRAO scientific mission and organizational management. The Director informed the
AUI Board of Trustees about all NRAO strategic and policy issues through regular and appropriate
communications, bringing emerging issues forward in a timely fashion.

To continue to facilitate the alignment of AUI Corporate priorities and operational priorities, the
NRAO performed joint capacity planning for the initiatives which are considered key, reviewing
the risks, critical activities and the timing, milestones and resources required. In this way, the
NRAO increased the mutual understanding of each entity’s needs, clarified direction, and
generated consensus and teamwork.

The Director’s Office represented the NRAO and the North American science community interests
to the ALMA Director’s Council and the ALMA Board in FY2024. The Director’s Office organized
the annual NRAO Users Committee and ALMA North American Science Advisory Committee
meetings. New Users Committee members were recruited from the community and appointed.
Director’s Office personnel met with each of the AUl Board of Trustees and the AUl Executive
Committee semi-annually.
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Advancement: Next Generation Learning Center at the VLA

Please note: All Advancement activities are supported by AUl Corporate funding, and all costs
are clearly segregated away from Cooperative Support Agreement funds. These activities are
described here for informative purposes only.

The Advancement Office’s first priority is building a successful fundraising program, the primary
goal of which is to raise construction funding for the next generation Learning Center at the VLA
(ngLC). Based on estimates from PMD, the cost of the ngLC is now projected to exceed $25 million.
When inviting prospective donors to contribute, the ngLC is the project for which we ask first. If a
donor’s priorities and goals are not aligned with the ngLC, other giving opportunities are shared,
including: Project RADIAL, NRAO Partnerships with our Native Neighbors Initiative, the Ham Radio
Project, and the Central Development Lab Women in Engineering Program.

Expand Membership Program (Members as donors model): In consultation with the NRAO
New Mexico Business Division and EPO, Advancement created a membership program through
which visitors to the VLA are invited to contribute to the ngLC at the VLA. Membership is promoted
through direct mail and email campaigns with a contracted direct mail/multi-channel marketing
firm. Best practices in non-profit direct mail are being followed in determining how often to ask,
how much to ask for, and how best to follow up on direct mail solicitations with email. In FY2024,
campaigns are planned for each quarter, including a year-end giving appeal.

Cultivate High Capacity Prospects: All visitor data is screened to identify major gift prospects.
High capacity individuals receive more personal communications and are provided opportunities
for in-person engagement. In addition, contacts at major corporations and foundations also
receive tailored, systematic communication. The Director of Advancement is managing a portfolio
of 150 top prospects, a dynamic list that changes as prospects roll off when they indicate they are
not interested and new prospects are identified. While only 150 prospects are in the Director’s
portfolio, an additional ~500 individuals fall into the top tier of the wealth screening categories.
This broader group will receive invitations to travel opportunities and regional gatherings.

Regional Cultivation Events: The NRAO will invite high-capacity prospects to cultivation events
at the VLA and in other locations where we have concentrations of donor prospects. These are
“get acquainted” events, kept intentionally to 25—-40 or fewer guests, where we share information
about the impact of the NRAO as well as the campaign for the ngLC. These are not ask events;
rather they have a featured “draw”— a scientist with a recent exciting discovery or result, for
example— that is of great interest to the target audience. The day after the event, each attendee
is contacted by phone to assess whether they are interested in moving forward with giving. If so,
one-on-one visits by Zoom or in person are scheduled.

Small Group Travel Opportunities: High capacity donor prospects receive invitations to small
group travel tours. The first trip occurred in 2024 to Santiago, Calama, and ALMA. Guests pay for
all of their expenses. The primary goal of the tours is to build relationships with these individuals
that lead to a gift solicitation.

One-on-one Visits: The best way to raise major gifts with the highest return on investment is by

building relationships through face to face visits and regular personal communication. Once a
donor prospect is qualified, the next step is a visit.
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Recruit Campaign Leadership (lead donors) for ngLC campaign: High capacity individuals
with keen interest in the NRAO, the VLA, and the ngLC will be invited to join the campaign
leadership group. These individuals are also the campaign’s lead donors.

Seek State and Federal Funds: Advancement will continue to engage State Executive and
Legislative representatives and seek state support in the 2024 session, and continue to engage
the New Mexico Congressional Delegation and submit another Congressionally Directed
Spending Request in FY2024.

Maintain And Expand Visitor Communications: All visitors receive a series of welcome emails.
After that visitor journey is completed, they then receive a recurring digital newsletter. In addition,
we will collect email addresses through the NRAO public site as well as through targeted posts
on social media pushing followers to a link where they can subscribe to the NRAO Science
Newsletter.

Promote Visiting the VLA: To increase the number of visitors coming to the VLA, Advancement
is spending funds on advertising. Paid search ads with Google is the priority as it directly reaches
the target audience. In addition, in consultation with EPO, Advancement will place limited select
high-impact print ads. Decisions about where and how to advertise are based on where our
visitors come from. One third is from the greater Albuquerque region. Print advertising is focused
on this audience. Two thirds come from 47 states and are tourists to New Mexico. Google paid
search ads reach this audience.

Support Relationship Building With Target Communities: Advancement will maintain
relationships with the New Mexico STEAM ecosystem by:

e Continuing to support the NRAO Partnerships with our Native Natives Initiative;
e Sponsor and attend the New Mexico Governor's STEAM Challenge; and
e Continue to engage with the Northern NM STEAM Consortium.

Tony Beasley and Trish "%
Henning talk about NRAO to -
students at the IAU Cape
Town Conference.
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OBSERVATORY METRICS

NRAO Telescope Usage

The following tables and charts provide a detailed accounting of the use of the NRAO
telescopes—ALMA, VLA, VLBA, and GBT—for October 1, 2023 through September 30, 2024.
The total available time at each telescope in FY2024 was [366 days * 24 hours/day] = 8,784
hours. NRAO North American telescope time use is carefully monitored and tracked in the
following categories:

Scheduled: Planned hours of observing time for peer-reviewed science proposals and
sponsored projects.

o Observing' = Actual hours of observing.

o Downtime = Hours lost during scheduled observing.

Scheduled hours = [Observing hours + Downtime hours]

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

Test: Actual hours for test observations unrelated to peer-reviewed science proposals.
Unscheduled: Actual idle hours owing to gaps between observing programs that cannot
be scheduled, failed peer-reviewed science observations, and downtime of the entire

telescope due to weather.

Shutdown: Actual shutdown hours, usually for a holiday or major equipment work.

ALMA observing time is shown in the table (next page); the above telescope time categories for
ALMA were unavailable at the time of reporting.

Dusk falls at the Very Large Array in New Mexico. Photo by Robert Betchel (US NSF / AUI / NSF NRAO).

1 Observing may include non-astronomical observing of sponsored projects. In this appendix, confidential
sponsored projects are identified as “Closed” or “Unspecified.”
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Scheduled
Observing
Downtime

12-m Observing

ACA Observing

Maintenance
Test
Unscheduled
Shutdown

Total Hours
per year

GBT
5922.0
5574.3

347.8

511.5

406.3

1944.3
8784.0

VLA
6191.3
5930.8

2594

480.4
1606.8
363.6
141.8
8784.0

VLBA
5250.2
4786.8

463.4

1040.2
747.4
1664.3
81.9
8784.0

ALMA

4738.1
4061.8

The St. Croix VLBA Station in the U.S. Virgin Islands. Photo by Jeff Hellerman (US NSF / AUI / NSF NRAO).
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The following chart shows ALMA observing time. Observed (12-m) is the time spent on
science observing by the 12-m array. Observed (Atacama Compact Array, or ACA) is the
time spent on science observing by the ACA.
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In the following chart, VLASS is the time spent observing for the VLA Sky Survey and is a subset

of Observed.
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NRAO Telescope Open Skies Usage

The majority of telescope time is competitively awarded by the NRAO for the scientific use of its
telescopes on the basis of scientific merit and technical feasibility. However, a significant amount
of telescope time is also awarded to sponsored projects, which are specially funded or approved
via Memoranda of Understanding (MoU) with the NRAO. The charts indicate the number of hours
assigned to competitively awarded time (Open Skies), and to time awarded under sponsorship
and MoUs. No ALMA or VLA sponsored observing took place in FY2024. “Open + USNQO” in the
VLBA bar of pie chart denotes time sponsored by the USNO but permitted for Open Skies
observing.

VLBA FY2023 Sponsors:

NYUAD New York University Abu Dhabi, United Arab Emirates
SHAO Shanghai Astronomical Observatory, China

USNO United States Naval Observatory, USA

VLBA OpenSkies & Sponsors
2023-Oct to 2024-Sep

1998.95 Hopen
2 open + USNO
m USNO
m NYUAD
2308.92 = SHAO
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GBT FY2023 Sponsors:

BLP Breakthrough Listen
NANOGrav  NANOGrav Collaboration
NAOC National Astronomical Observatories, Chinese Academy of Sciences
NYUAD New York University Abu Dhabi
WVGSI West Virginia Governor’s School STEM Institute
GBT OpenSkies & Sponsors
2023-Oct to 2024-Oct
H open
mBLP
m NANOGrav
m NAOC
m NYUAD
m WVGSI
Total and Sponsored Observing per Month
700
600
500 GBT Total
400 g  N\NZ o7~ N N cecees GBT Sponsored

Hours

300

200

100

VLA Total

eeesee VLA Sponsored
VLBA Total

------ VLBA Sponsored
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NRAO Telescope Usage by Principal Investigator

The following table and charts provide a detailed accounting (hours and percentages) of the
FY2024 use of ALMA, VLA, VLBA, and GBT by: (a) domestic (U.S.) and foreign based (non-U.S.)
Principal Investigators (Pis); (b) and by the astronomical community, graduate students, and
NRAO staff. Only observing hours serviced by the North American (NA) Executive are included
for ALMA.

u.s. Foreign Unknown U.S.  Foreign Unknown
ALMA-NA 1,272.8 170.4 - ALMA-NA 88.2% 11.8% 0.0%
GBT 4,413.0 1,120.5 40.8 GBT 79.2%  20.1% 0.7%
VLA 2,985.7 2,945.1 - VLA 50.3% 49.7% 0.0%
VLBA 2,903.6 1,883.3 - VLBA 60.7% 39.3% 0.0%
Astronomical Graduate Astronomical Graduate  NRAO
Community  Students NRAO Staff Community  Students Staff
ALMA-NA 1,077.2 212.0 154.1 ALMA-NA 74.6% 14.7% 10.7%
GBT 3,771.5 959.0 803.0 GBT 67.7% 17.2% 14.4%
VLA 3,042.7 1,542.8 1,345.3 VLA 51.3% 26.0% 22.7%
VLBA 3,730.5 649.5 406.7 VLBA 77.9% 13.6% 8.5%

Fresh snowfall around the ALMA antennas. Photo by Pablo Carrillo (ALMA).
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Community & Student Usage FY2024
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NRAO Telescope Usage by Science Category

The following tables and charts provide a detailed accounting of NRAO observing hours for ALMA,
GBT, VLA, and VLBA that supported peer-reviewed science in each of the science categories
employed by the NRAO proposal evaluation and time allocation process, and in the five categories
used by the ALMA process.

GBT VLA VLBA
Active Galactic Nuclei 0.0% 0.8% 6.7%
Extragalactic Structure 22.8% 17.3% 4.1%
Gravitational Waves and Energetic Transients 29.0% 8.7% 3.2%
High Redshift and Source Surveys 0.7% 32.3% 3.3%
Interstellar Medium 22.4% 4.5% 2.3%
Normal Galaxies, Groups, and Clusters 5.0% 8.4% 2.8%
Pulsars and Compact Objects 11.7% 6.1% 5.3%
Solar System, Stars, Planetary Systems 3.3% 6.6% 48.9%
Star Formation 3.7% 10.4% 1.1%
Unspecified 1.4% 5.0% 22.3%

ALMA
Circumstellar disks, exoplanets and the solar system 13.9%
Cosmology and the high redshift universe 33.7%
Galaxies and galactic nuclei 22.7%
ISM, star formation and astrochemistry 23.8%
Stellar evolution and the Sun 6.0%

NGC 3627 imaged by the PHANGS Survey with ALMA. Credit: ALMA (ESO/NAOJ/NSF NRAO/ESA/NASA).
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% Observing Hours in Science Categories FY2024

100%

75%

50%

25%

0%
GBT VLA

VLBA ALL
% Observing Hours in Science
Categories FY2024

W Star Formation

W Solar System, Stars, Planetary Systems

W Pulsars and Compact Objects

m Normal Galaxies, Groups, and Clusters

B Low-Luminosity AGN

m Interstellar Medium

m High Redshift and Source Surveys

m High-Luminosity AGN

100%
m Stellar evolution
and the Sun

75% | ISM, star
formation and
astrochemistry

M Galaxies and

50% . .
galactic nuclei

m Cosmology and
25% the high redshift
universe

m Circumstellar
disks, exoplanets
0% and the solar
ALMA system

150



NRAO Telescope Usage by PI’'s Country and U.S. state

The following figure lists the FY2024 observing hours at NRAO telescopes that were allocated to
foreign-based (non-U.S.) Pls by country.

Telescope International Usage by PI Country
Total International Hours 9,248
(October 2023 - September 2024)
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The following figure shows the distribution of the hours by the PI's U.S. state of residence. This
includes Puerto Rico and the District of Columbia.

Telescope Domestic Usage by US State
Total Domestic Hours 8,128
(October 2023 - September 2024)
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Observing Proposals Submitted for NRAO Semesters 2024B and 2025A

The following tables and chart describe the community response to the NRAO Calls for Proposals
for Semesters 2024B and 2025A. The first table lists the distribution of science categories for the
proposals submitted to the GBT, VLA, and VLBA. The second table provides the total number of
Regular and Large proposals submitted to GBT, VLA, VLBA, and the Global 3mm VLBI Array
(GMVA). Sponsored proposal and dissertation proposal numbers for each telescope are listed
immediately underneath this table. Sponsored proposals are allocated observing time outside of
the community-based and peer-reviewed NRAO Time Allocation Process. The final table
describes the proposal over-subscription pressure (time requested/time available) for each
telescope and for all NRAO instruments. The chart illustrates the percentage of 2024B and 2025A
proposals that fell in each science category for each telescope and in total.

GBT VLA VLBA
Extragalactic Structure 15.2% 7.3% 0.0%
Gravitational Waves and Energetic Transients 12.8% 19.5% 12.5%
High Redshift and Source Surveys 1.6% 9.6% 4.7%
High-Luminosity AGN 0.0% 9.4% 21.9%
Interstellar Medium 21.6% 5.9% 1.6%
Low-Luminosity AGN 2.4% 8.2% 32.0%
Normal Galaxies, Groups, and Clusters 4.0% 7.1% 3.9%
Pulsars and Compact Objects 26.4% 9.9% 10.9%
Solar System, Stars, Planetary Systems 5.6% 10.1% 9.4%
Star Formation 10.4% 12.9% 3.1%
Unspecified 0.0% 0.0% 0.0%

Proposal Counts by Type Regular Large Total
GBT 105 9 114
VLA 358 11 369
VLBA 110 5 115
GMVA 19 0 19
All Instruments 592 25 617

Additional Sponsored: 1
(0 GBT, 0 VLA, 1 VLBA)

Number Requested for Dissertation: 111
(98 Regular, 13 Large)
(22 GBT, 72 VLA, 17 VLBA, 0 GMVA)

Proposal Pressure 24B 25A Total
GBT 6.3 15 4.0
VLA 2.6 2.9 2.8
VLBA 2.4 23 23
All NRAO Instruments 4.0 2.4 3.2
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% Proposals in Science Categories FY2024 (24B and 25A)
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Observing Proposals Submitted for ALMA Cycle 11

The following tables and chart characterize the community response to the ALMA Call for
Proposals for Cycle 11. The first table lists the distribution of proposed science categories for the
submitted proposals. The second table provides the total number of proposals by executive. The
number of proposals submitted and accepted for review was 1714 for the Cycle 11 call. The chart
illustrates the percentage of Cycle 11 proposals that fell in each science category for each
executive and in total. The over-subscription proposal pressure (time requested/time available)
for the Cycle 11 call was 4.1.

CL EA EU NA OTHER ALL

Circumstellar disks, exoplanets and the solar system  24% 14% 21% 30% 25% 22%
Cosmology and the high redshift universe 27% 21% 24% 17% 21% 21%
Galaxies and galactic nuclei 25% 19% 23% 24% 24% 22%

ISM, star formation and astrochemistry 20% 43% 23% 22% 25% 27%
Stellar evolution and the Sun 4% 3% 9% 7% 6% 7%
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% Submitted Proposals in Science Categories (ALMA Cycle 11)
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Images captured by ALMA's most extended antenna configuration reveal surprisingly rich disk structures in the
sigma Ori cluster. Credit: ALMA (ESO/JAO/NAOJ/NSF NRAQ), J. Huang et al.

154



Archive Data Retrievals

The following chart describes the data volume retrieved from the North American ALMA Archives in
FY2024. Fully processed science data for ALMA is being delivered directly to ALMA observers via a
Web server; the sum of archive and web server downloads is shown in the plot blow.

ALMA Observed Data Downloaded
(October 2023 to October 2024)

120,000
100,000
80,000
60,000

Gigabytes

& NRAO Archive Proprietary B NRAO Archive Public E NAASC Archive Proprietary

NAASC Archive Public Web Server Proprietary

Most GBT data, especially private data, is accessed directly from the local disks in Green Bank,
not from the archive. The volume of data served is estimated by the total volume of observed
astronomy data, GBT Observed. In addition, the GBO data analysts deliver data shown here as
GB DA Deliveries.
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VLA Observed Data Downloaded
(October 2023 to October 2024)
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APPENDIX A: REFEREED PUBLICATIONS

Abadi, Mario G.; Castelletti, Gabriela; Supan, Leonardo; Kassim, Namir E.;
Lazio, Joseph W. "One size fits all: Insights into extrinsic thermal absorption
based on the similarity of supernova remnant radio-continuum spectra,"
Astronomy and Astrophysics, 684, A54, 2024.

Abbasi, R.; Ackermann, M.; Adams, J.; Agarwalla, S. K.; Aguilar, J. A;
Ahlers, M.; Alameddine, J. M.; Amin, N. M.; Andeen, K.; Arglelles, C;
Ashida, Y.; Athanasiadou, S.; Ausborm, L.; Axani, S. N.; Bai, X.; Balagopal,
V. A,; Baricevic, M.; Barwick, S. W.; Bash, S.; Basu, V.; Bay, R.; Beatty, J.
J.; Tjus, J. Becker; Beise, J.; Bellenghi, C.; Benning, C.; Benzvi, S.; Berley,
D.; Bernardini, E.; Besson, D. Z.; Blaufuss, E.; Bloom, L.; Blot, S;
Bontempo, F.; Motzkin, J. Y. Book; Meneguolo, C. Boscolo; Boéser, S.;
Botner, O.; Bottcher, J.; Braun, J.; Brinson, B.; Brostean-Kaiser, J.; Brusa,
L.; Burley, R. T.; Butterfield, D.; Campana, M. A.; Caracas, |.; Carloni, K.;
Carpio, J.; Chattopadhyay, S.; Chau, N.; Chen, Z.; Chirkin, D.; Choi, S.;
Clark, B. A.; Coleman, A.; Collin, G. H.; Connolly, A.; Conrad, J. M.; Corley,
R.; Cowen, D. F.; Dave, P.; De Clercq, C.; Delaunay, J. J.; Delgado, D;
Deng, S.; Desai, A.; Desiati, P.; De Vries, K. D.; De Wasseige, G.; Deyoung,
T.; Diaz, A.; Diaz-Vélez, J. C.; Dierichs, P.; Dittmer, M.; Domi, A.; Draper,
L.; Dujmovic, H.; Durnford, D.; Dutta, K.; Duvernois, M. A.; Ehrhardt, T.;
Eidenschink, L.; Eimer, A.; Eller, P.; Ellinger, E.; El Mentawi, S.; Elsasser,
D.; Engel, R.; Erpenbeck, H.; Evans, J.; Evenson, P. A;; Fan, K. L.; Fang,
K.; Farrag, K.; Fazely, A. R.; Fedynitch, A.; Feigl, N.; Fiedlschuster, S.;
Finley, C.; Fischer, L.; Fox, D.; Franckowiak, A.; Fukami, S.; Furst, P.;
Gallagher, J.; Ganster, E.; Garcia, A.; Garcia, M.; Garg, G.; Genton, E.;
Gerhardt, L.; Ghadimi, A.; Girard-Carillo, C.; Glaser, C.; Glisenkamp, T;
Gonzalez, J. G.; Goswami, S.; Granados, A.; Grant, D.; Gray, S. J.; Gries,
O.; Griffin, S.; Griswold, S.; Groth, K. M.; Guevel, D.; Glnther, C.; Gutjahr,
P.; Ha, C.; Haack, C.; Hallgren, A.; Halve, L.; Halzen, F.; Hamdaoui, H.;
Minh, M. Ha; Handt, M.; Hanson, K.; Hardin, J.; Harnisch, A. A.; Hatch, P.;
Haungs, A.; HauRler, J.; Helbing, K.; Hellrung, J.; Hermannsgabner, J.;
Heuermann, L.; Heyer, N.; Hickford, S.; Hidvegi, A.; Hill, C.; Hill, G. C,;
Hoffman, K. D.; Hori, S.; Hoshina, K.; Hostert, M.; Hou, W.; Huber, T
Hultqvist, K.; Hinnefeld, M.; Hussain, R.; Hymon, K.; Ishihara, A.; Iwakiri,
W.; Jacquart, M.; Jain, S.; Janik, O.; Jansson, M.; Japaridze, G. S.; Jeong,
M.; Jin, M.; Jones, B. J. P.; Kamp, N.; Kang, D.; Kang, W.; Kang, X.; Kappes,
A.; Kappesser, D.; Kardum, L.; Karg, T.; Karl, M.; Karle, A.; Katil, A.; Katz,
U.; Kauer, M;; Kelley, J. L.; Khanal, M.; Khatee Zathul, A.; Kheirandish, A.;
Kiryluk, J.; Klein, S. R.; Kochocki, A.; Koirala, R.; Kolanoski, H.; Kontrimas,
T.; Kopke, L.; Kopper, C.; Koskinen, D. J.; Koundal, P.; Kovacevich, M;
Kowalski, M.; Kozynets, T.; Krishnamoorthi, J.; Kruiswijk, K.; Krupczak, E.;
Kumar, A.; Kun, E.; Kurahashi, N.; Lad, N.; Lagunas Gualda, C.; Lamoureux,
M.; Larson, M. J.; Latseva, S.; Lauber, F.; Lazar, J. P.; Lee, J. W.; Leonard
Deholton, K.; Leszczynska, A.; Liao, J.; Lincetto, M.; Liu, Y. T.; Liubarska,
M.; Love, C.; Lu, L.; Lucarelli, F.; Luszczak, W.; Lyu, Y.; Madsen, J.;
Magnus, E.; Mahn, K. B. M.; Makino, Y.; Manao, E.; Mancina, S.; Marie
Sainte, W.; Marig, |. C.; Marka, S.; Marka, Z.; Marsee, M.; Martinez-Soler, |.;
Maruyama, R.; Mayhew, F.; Mcnally, F.; Mead, J. V.; Meagher, K.; Mechbal,
S.; Medina, A.; Meier, M.; Merckx, Y.; Merten, L.; Micallef, J.; Mitchell, J.;
Montaruli, T.; Moore, R. W.; Morii, Y.; Morse, R.; Moulai, M.; Mukherjee, T.;
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J.; Salazar-Gallegos, D.; Sampathkumar, P.; Sandrock, A.; Santander, M.;
Sarkar, S.; Sarkar, S.; Savelberg, J.; Savina, P.; Schaile, P.; Schaufel, M.;
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APPENDIX B: ADVISORY COMMITTEES

The memberships of various NRAO, ALMA, and Computing committees are given below.

These committees provide feedback to the Director’s Office and Observatory management on
issues including user needs, operation efficiencies, staff feedback, computing requirements, and

communications with the community. Appointment end-dates are indicated for some
committees.

NRAO Time Allocation Committees

Semester 24A

Poonam Chandra, GWT panel, NRAO

Joeri van Leeuwen, PCO panel, ASTRON
Chenoa Tremblay, ISM panel, SETI

Tracy Clarke, NGA Panel, NRL

Stephen White (chair), SSP panel, AFRL

Jaime Pineda, SFM panel, MPE

Preeti Kharb, LLA panel, NCRA-TIFR

Robert Laing, HLA panel, SKAO

Danielle Lucero, EGS panel, Virginia Tech
James Bartlett, HIZ panel, University of Paris/JPL

Semester 24B

Laura Spitler, GWT panel, MPIfR

Joeri van Leeuwen, PCO panel, ASTRON
Chenoa Tremblay, ISM panel, SETI

Tracy Clarke, NGA Panel, NRL

Stephen White (chair), SSP panel, AFRL

Jaime Pineda, SFM panel, MPE

Violette Impellizzeri, LLA panel, Leiden

Robert Laing, HLA panel, SKAO

Danielle Lucero, EGS panel, Virginia Tech
James Bartlett, HIZ panel, University of Paris/JPL

ALMA North American Science Advisory Committee

199

Sean Andrews, Harvard-Smithsonian Center for Astrophysics (2026)

Sara Ellison, University of Victoria (2026)

Leslie Looney, University of lllinois Urbana-Champaign (2027)

Meredith MacGregor, Johns Hopkins University (2027)

Brett McGuire, Massachusetts Institute of Technology (2025)

Stefanie Milam (Chair), NASA/GSFC (2025)

Kazushi Sakamoto, Academia Sinica Institute of Astronomy & Astrophysics (2026)
Karin Sandstrom, University of California, San Diego (2027)



NRAO Users Committee

Sean Andrews (Vice-Chair, Center for Astrophysics)
Alessandra Corsi (Texas Tech University)

Jane Huang (Columbia University)

Melodie Kao (University of California, Santa Cruz)
Adam Leroy (Ohio State University)

Duncan Lorimer (West Virginia University)

Karen Masters (Haverford College)

Brett McGuire (Chair, MIT)

Stefanie Milam (NASA/GSFC)

Elisabeth (Betsy) A.C. Mills (University of Kansas)
Cherry Ng (University of Toronto)

Jennie Paine (University of Maryland, Baltimore County / NASA GSFC)
Daniel Perley (Liverpool John Moores University)
Kazushi Sakamoto (Academia Sinica IAA)

Melissa Soriano (NASA Jet Propulsion Laboratory)
Tony Wong (University of lllinois Urbana-Champaign)

Data Management and Software (Panel of the Users Committee)

Jane Huang (NA - Chair)
Olga Bayandina (EU)
Abhijeet Borkar (EU)

Ruta Kale (IN)

Jihyun Kang (EA)

Adam Leroy (NA)

Kristina Nyland (NA)

Imke de Pater (NA)
Yu-Nung Su (NA)
Yoshimasa Watanabe (EA)

NRAO Visiting Committee

Paul Abell, NASA Johnson Space Center (2027)

Lewis Ball, SKAO (2025)

Alessandra Corsi, The Johns Hopkins University (2027)
Jeremy Darling, University of Colorado at Boulder (2025)
Kevin Marvel, American Astronomical Society (2027)
Lynn Matthews, MIT Haystack Observatory (2025)
Margaret Meixner, Jet Propulsion Laboratory (2027)
Beth Willman, LSST Corporation (2025)

200



APPENDIX C: FINANCIAL SUMMARY

Functional Work Breakdown  CSA-V  CSA-A ICC Total
Structure Element

Administrative Services $15,704 $10,875 $-7,636 $18,943
Development Programs $3,527 $27,260 $567 $31,364
Director’s Office $3,363  $4,117  $2,407 $9,886
Education & Public Outreach $979 $883 $0 $1,862
Science Operations $9,649  $9,765  $3,490 $22,904
Telescope Operations $24,357 $31,461 $410 $56,229
Grand Totals $57,589 $84,361 $-762 $141,188

All figures are $k USD

Fiscal Year 2024 = 1 October 2023 to 30 September 2024
CSA = Cooperative Support Agreement

V =VLA/VLBA

A=ALMA

ICC = Internal Common Costs

N
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APPENDIX E: ACRONYMS

Acronym Definition

AA Antenna Article

AAAS American Association for the Advancement of Science
AAB Antenna Assembly Building

AAG Astronomy and Astrophysics Research Grants

AAS American Astronomical Society

ACA Atacama Compact Array

ACDC ASIAA CASA Development Center

ACU Antenna Control Unit

AD Assistant Director

ADAPT ALMA Data Processing Toolchain

ADMIN Administration

ADMIT ALMA Data Mining Toolkit

ADS Astrophysics Data System

AGN Active Galactic Nuclei

ALMA Atacama Large Millimeter/submillimeter Array
ALPACA ALMA Large Proposal of gAlactic Cold gAs

ANID Agencia Nacional de Investigacién y Desarrollo

AoD Astronomer on Duty

AOS Array Operations Site (ALMA, Chile)

APP2 ALMA Phasing System Phase 2

APR Annual Progress Report

ARC ALMA Regional Center

ARDG Algorithm Research and Development Group

ARKS ALMA survey to Resolve exoKuiper belt Substructures
ASG ALMA Science Group

ASKAP Australian Square Kilometer Array Pathfinder

ASIAA Academia Sinica Institute for Astronomy and Astrophysics
ASIC Application Specific Integrated Circuit

ASMH Advanced Spectrum Monitoring Hardware

ATCA Australia Telescope Compact Array

AT.CBF ALMA Talon Correlator/Beamformer, now ATAC

AU Astronomical Unit

AUI Associated Universities, Incorporated

BE Back End

BEAM-ME Blazars Entering the Astrophysical Multi-Messenger Era
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Acronym Definition

Bl Broader Impacts

BIPOC Black, Indigenous, and people of color

BUD Budget

CAN Controller Area Network

CAP Contracts and Procurement

CARTA Cube Analysis and Rendering Tool for Astronomy
CASA Common Astronomy Software Applications

CCA Cold Cartridge Assembly

CCE Common Computing Environment

CDL Central Development Laboratory

CDP Correlator Data Processing

CDR Critical Design Review

CHTC Center for High Throughput Computing

CIS Computing and Information Services

CLOA Central Local Oscillator Article

cm Centimeter

CMB Cosmic Microwave Background

CMMS Computerized Maintenance and Management System
CND Circum-Nuclear Disk

CNGI CASA Next Generation Infrastructure

CO Carbon Monoxide

CoDR Conceptual Design Review

COMPASS Complex Organic Molecules in Protostars with ALMA Spectral Surveys
COSMIC- Commensal Open-Source Multimode Interferometer Cluster Search for
SETI Extraterrestrial Intelligence

COSMOS Cosmic Evolution Survey

COVID-19 Coronavirus Disease 2019

CPDS Cartridge Power Distribution System

CRISTAL [C ii] Resolved ISm in STar-forming galaxies with ALMA
CSP Central Signal Processor

CTS CCA Test Set

CVv Charlottesville, VA

DA Data Analyst

DAPPER Dark Ages Polarimeter Pathfinder

DART Double Asteroid Redirection Test

dB Decibel

DDT Director’s Discretionary Time
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Acronym Definition

DESI Dark Energy Spectroscopic Instrument
DiFX Distributed FX correlator

DMS Data Management and Software Department
DPR Distributed Peer Review

DRXA Data Receiver Article

DSACore Dynamic Scheduling Algorithm

DSOC Domenici Science Operations Center
DSP Digital Signal Processing

EA East Asian

ECT Exposure Calculator Tool

EHS Environmental Health and Safety

EHT Event Horizon Telescope

EL Elevation

EM Electromagnetic

EMC Electromagnetic Compatibility

EOC Extension and Optimization of Capabilities
EOS Emergency Operations Status

EPO Education and Public Outreach

ER Edgemont Road

ERP Enterprise Resource Planning

ESO European Southern Observatory

ETK Electronic Time Keeping

EU European Union

FCC Federal Communications Commission

FE Front End

FEHV Front End Handling Vehicle

FEMC Front End Monitor and Control

FETMS Front End Test and Measurement System
FOW Fiber Optic Wrap

FPGA Field-Programmable Gate Array

FRB Fast Radio Burst

FRM Focus Rotation Mount

FTE Full-Time Equivalent

FY Fiscal Year (1 October through 30 September)
GBO Green Bank Observatory

Gbps Giga-bits per second

GHz Gigahertz
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Acronym Definition

GMC Giant Molecular Clouds

GMRT Giant Metrewave Radio Telescope
GMVA Global 3mm VLBI Array

GO General Observing

GOST General Observing Setup Tool

GPS Global Positioning System

GPU Graphic Processing Units

GRB Gamma Ray Burst

GUI Graphical User Interface

GW Gravitational Wave

HBCU Historically Black Colleges and Universities
HBT Heterojunction bipolar transistor

HEMT high-electron-mobility transistor

HERA Hydrogen Epoch of Reionization Array
HFSS High Frequency Structure Simulator
HI Hydrogen

HILS Hardware in the Loop Simulator

HPC High Performance Computing

HQ Headquarters

HR Human Resources

HRIS Human Resource Information System
HSA High Sensitivity Array

HVAC Heating, Ventilation, and Air Conditioning
Hz Hertz

IAU International Astronomical Union

ICC Internal Common Cost

IDC Indirect Cost

IDIA South African Institute for Data Intensive Astronomy
IEEE Institute of Electrical and Electronics Engineers
IET Integrated Engineering Team

IF Intermediate Frequency

IGM Intergalactic Medium

InP Indium Phosphide

IPT Integrated Product Team

IR Infrared

IRD Integrated Receiver Development

ISM Interstellar Medium
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Acronym Definition

ISM International Staff Member

IT Information Technology

ITU-R International Telecommunication Union-Radio (communications sector)

IUCAF Sc!entific Committee on Frequency Allocations for Radio Astronomy and Space
Science

JAO Joint ALMA Observatory

JDE JD Edwards

JIVE Joint Institute for VLBI in Europe

JPL Jet Propulsion Laboratory

JWST James Webb Space Telescope

JVLA Jansky Very Large Array

k 1000

K Kelvin

kHz kiloHertz

km kilometer

kpc kiloparsecs

LA Los Alamos

LIGO Laser Interferometer Gravitational-Wave Observatory

LLC Line Length Corrector

LNA Low Noise Amplifier

LO Local Oscillator

LPR Local Oscillator Photonics Receiver

LRP Long Range Plan

LRU Line Replaceable Unit

LSAMP Louis Stokes Alliance for Minority Participation

LSM Local Staff Members

LSST Large Synoptic Survey Telescope

LTCC Low Temperature Co-Fired Ceramic

LWA Long Wavelength Array

m meter

M Million

MA Main Array

mas milliarcsecond

Mbps Mega-bits per second

M&C Monitor and Control

mG milliGauss

MHD magnetohydrodynamic
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Acronym Definition

MHz Megahertz

MIS Management Information Services

MIT Massachusetts Institute of Technology

MK Mauna Kea

mm millimeter

MMIC Monolithic Millimeter-wave Integrated Circuit
MOJAVE Monitoring Of Jets in Active galactic nuclei with VLBA Experiments
MREFC Major Research Engineering Facility Construction
MRI Medical Resonance Imaging

MS Measurement Sets

msec millisecond

MSI Minority-Serving Institution

MSIP Mid-Scale Innovations Program

MSMRx Millimeter and Submillimeter Receivers

MTBF Mean Time Between Failures

MTS Mixer Test Set

MTTR Mean Time to Repair

MVP Minimum Viable Product

pas Micro-arcsecond

pJdy microJansky

Myr Million years

NA North American

NAASC North American ALMA Science Center

NAC National Astronomy Consortium

NANOGrav North American Nanohertz Observatory for Gravitational Waves
NAOJ National Astronomical Observatory of Japan
NASA National Aeronautics and Space Administration
Nb Niobium

Nb/AIN/Nb Niobium-Aluminum Nitride-Niobium

NEO Near Earth Object

ngVLA Next Generation Very Large Array

NICER Neutron Star Interior Composition Explorer Mission
NINE National and International Non-Traditional Exchange
NIS Network Information Services

NM New Mexico

NOEMA Northern Extended Millimeter Array

NRAO National Radio Astronomy Observatory
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Acronym Definition

NRC National Research Council

NRC-HIA National Research Council of Canada — Herzberg Institute of Astrophysics
NRL Naval Research Laboratory

NSBP National Society of Black Physicists

NSF National Science Foundation

NSF-AST National Science Foundation — Division of Astronomical Sciences
NTIA National Telecommunications and Information Administration
OCA Office of Chilean Affairs

oLC Observatory Leadership Cohort

OMC Observatory Monitor and Control GUI

OMT OrthoMode Transducer

OPT Observation Preparation Tool

OSF Operations Support Facility (ALMA, Chile)

OST Observing Scheduling Tool

oT Observing Tool

P2G Phase 2 Group

PAA Parque Astrondmico Atacama

PanSTARRS | Panoramic Survey Telescope and Rapid Response System
PAS Provisional Acceptance on Site

PATh Partnership to Advance Throughput Computing

pc parsec

PDR Preliminary Design Review

PEMP Performance Evaluation and Management Plan

PEP Performance Evaluation Process

PFI Partnerships for Innovation

PFT Proposal Finder Tool

PHANGS Physics at High Angular Resolution in Nearby GalaxieS
PHT Proposal Handling Tool

Pl Principal Investigator

PING Physics Inspiring the Next Generation

PMD Program Management Department

PM/SE Project Manager/Systems Engineer

POETS Protostellar Outflows at the EarliesT Stages

POP Program Operating Plan

POSE Pathways to Enable Open-Source Ecosystems

PRCZ Puerto Rico Coordination Zone

PROMEMCI Programa de Mentoria para Mujeres Cientificas
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Acronym Definition

ProVoca Promovamos Vocaciones Cientificas

PST Proposal Submission Tool

PT Pie Town

PWI Primarily White Institutions

Q1, Q2 Quarter 1 (October — December), Quarter 2 (January — March)
Q3, Q4 Quarter 3 (April — June), Quarter 4 (July — September)
QA Quality Assurance

QDR Quad Data Rate

QL QuickLook

R&D Research and Development

RA Research Associate

RADIAL Radio Astronomy Data Imaging and Analysis Labs
RADPS Radio Astronomy Data Processing System

RCT Resource Catalog Tool

REU Research Experiences for Undergraduates

RF Radio Frequency

RFI Radio Frequency Interference

RFP Request for Proposal

RHEL Red Hat Enterprise Linux

RIS Raytheon Intelligence and Space

RML Regularized Maximum Likelihood

rms radio, millimeter and submillimeter

ROACH Reconfigurable Open Architecture Computing Hardware
RSG Red Supergiants

RSRO Resident Shared Risk Observing

RTE Research and Training Experience

SAC Science Advisory Council

SAS Sub Array Switch

SB Scheduling Block

SC Saint Croix

SCG Science Computing Group

SCO Santiago Central Office

SCREAM Scalable, Reconfigurable, and Modular

SDM Science Data Model

SEDLE Socorro Electronics Division’s Laboratory Experience for Undergraduates
SE Single Epoch

SE Systems Engineering
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Acronym Definition

SECI Single Epoch continuum images

SEPIA Swedish-ESO PI receiver for APEX

SETI Search for Extra Terrestrial Intelligence

SFR Star Formation Rate

SIS Scientific Information Services

SIS Superconductor—Insulator-Superconductor
SKA Square Kilometre Array

SLA Service Level Agreement

SMBH Supermassive Black Hole

SMS Short Message Service

SOP Standard Operating Procedure

SOS Student Observing Support

SPIE International Society for Optics and Photonics
SRAO Science Ready Archive and Operations
SRDP Science Ready Data Products

SRO Shared Risk Observing

SRP Science Review Panel

SSR Science Support and Research

STE(A)M Science, Technology, Engineering, (Arts), and Mathematics
STINGAR Shared Threat Intelligence for Network Gatekeeping and Automated Response
STFC Science and Technology Facilities Council
submm submillimeter

SUS Scientific User Support

SW Software

SWaP Size, Weight, and Power

SysML Systems Modeling Language

TAC Time Allocation Committee

TAO University of Tokyo Atacama Observatory
TARS Tethered Aerostat Radar System

TMCDB Telescope Monitor and Control Database
TDE Tidal Disruption Events

THz TeraHertz

TKIP Traveling wave Kinetic Inductance Parametric amplifiers
TMCDB Telescope Monitor and Control Database

TP Total Power

TTA Telescope Time Allocation

TTO Technology Transfer Office
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Acronym Definition

UDP User Datagram Protocol

UNM University of New Mexico

UPS Uninterruptable Power Supply

URM Under-Represented Minority

URSI Union Radio Scientifique Internationale
u.S. United States of America

USNO United States Naval Observatory

uv Ultraviolet

UVA University of Virginia

UVML University of Virginia Microfabrication Laboratory
\% volt

VA Virginia

VBER VLBA Back End Retrofit

VEGAS VErsatile GBT Astronomical Spectrometer
VFD Variable Frequency Drive

VLA Very Large Array

VLASS VLA Sky Survey

VLBA Very Long Baseline Array

VLBI Very Long Baseline Interferometry

VLITE VLA Low Band lonospheric and Transient Experiment
VNDA VLBA New Digital Architecture

VO Virtual Observatory

VSAC ngVLA Science Advisory Council

VTAC ngVLA Technical Advisory Council

WBS Work Breakdown Structure

WCA Warm Cartridge Assembly

WFH Work From Home

WFO Work-For-Others

WIDAR Wideband Interferometric Digital ARchitecture
WIE Women in Engineering

WISE Wide-field Infrared Survey Explorer

WMP Workforce Management Plan

WSU Wideband Sensitivity Upgrade

wv West Virginia

YIG Yttrium Iron Garnet

yr year

YUPPI "Y" Ultimate Pulsar Processing Instrument

212



science.nrao.edu
public.nrao.edu

ngvila.nrao.edu
almascience.nrao.edu
greenbankobservatory.org

NRAO Headquarters and North American Science Center
National Radio Astronomy Observatory
520 Edgemont Road
Charlottesville, Virginia U.S.A. 22903-2475
+1-434-296-0211

NRAO - Central Development Laboratory
National Radio Astronomy Observatory
1180 Boxwood Estate Road
Charlottesville, Virginia U.S.A. 22903-4608
+1-434-296-0358

NRAO - Pete V. Domenici Science Operations Center
National Radio Astronomy Observatory
P.O. Box 0
Socorro, New Mexico U.S.A. 87801-0387
+1-575-835-7000

NRAO/AUI - Chile
NRAO/AUI
Av. Alonso de Cordova 2860
Office 702
Vitacura, Santiago Chile, 7630440
+56-2-2210-9600

Green Bank Observatory
155 Observatory Road, Box 2
Green Bank, West Virginia U.S.A. 24944
+1-304-456-2011
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The NSF National Radio Astronomy Observatory and NSF Green Bank Observatory are facilities of the U.S. National
Science Foundation operated under cooperative agreement by Associated Universities, Inc.
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