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the World’s Largest Radio Telescope Astronomy—Summary of 1213 September 2007 Meeting in Washington, DC
Murray Lewis (NAIC), Jim Cordes &
Martha Haynes (Cornell)

M

ore than 70 scientists attended a
meeting convened in Washington to identify key science that they
wanted to pursue for the next five to
fifteen years using the Arecibo Observatory. It was also an opportunity to
discuss the important role that Arecibo
plays in an era of planning for ambitious, next-generation radio telescopes,
such as the Square Kilometer Array.
The SKA is an international project that
targets transformational science in fun-

damental physics, cosmology, astrophysics and solar system science. SKA
science has significant overlap with the
scientific capabilities that Arecibo can
offer in the 0.3 to 10-GHz frequency
range and, given that the SKA will not
reach Arecibo’s sensitivity until at least
the middle of the next decade, Arecibo
is an important science pathfinder for
the SKA and its user community.
With this context in mind, the purpose
of the meeting was to identify a scientific roadmap for Arecibo and to specify
the new instrumentation that would
be required. The focus was on radio
astronomy because current budgetary pressures originate from the Astronomy Division at the NSF, making
it incumbent upon the community to
develop a compelling case for astro-
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Fig. 1 : A neutral hydrogen
density contour map of the
NGC 7332/9 galaxy pair is
shown superimposed on an
optical image of the region.
The AGES survey detects a
very large halo of low column-density gas centered
on NGC 7339 as well as two
previously unknown dwarf
galaxies. The footprint of
the Arecibo beam on the
sky is shown at the lower
left as a black oval. [Courtesy: R. Minchin]

nomical science. At the same time, it is
necessary to ensure broad appreciation
of Arecibo’s importance for both atmospheric and space science and for radar
investigation of solar system objects.
The meeting therefore included a spirited session that addressed the crucial
importance of Arecibo’s 2.3-GHz radar
in determining orbits of near-Earth asteroids that may be on collision courses
with the Earth. The radar system has
mapped the surfaces of the Moon,
Mars, satellites of Jupiter and Saturn,
and asteroids. It is also providing an
understanding of the interiors of terrestrial planets, as well as probing solar
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physics and tests of General Relativity.
The planetary radar program at Arecibo is discussed together with a summary of the Congressional hearing on
Near-Earth Objects in an accompanying article in this newsletter.
The meeting was extraordinarily successful in achieving its intended goals,
and, as a byproduct, reinvigorated
everyone’s appreciation of the uniqueness and breadth of Arecibo science
and the great successes that users of
the facility have achieved. Much of the
identified science builds on the largescale surveys currently being done with
the Arecibo L-band Feed Array (ALFA).
These include (1) a pulsar survey that
is sensitive to compact relativistic binary pulsars and millisecond pulsars;
(2) surveys for extragalactic hydrogen
that are determining the HI mass function in the local universe among many
other results; (3) Galactic surveys of
hydrogen to probe turbulence in the
interstellar medium; (4) Faraday tomography of Galactic and extragalactic
magnetic fields; and (5) SETI. A notable feature of these surveys is that as
many as four of them can be done
simultaneously using the same telescope pointing. A recently discovered
halo of low density hydrogen gas and
two dwarf galaxies are shown in Figure
1, results of the AGES survey (Minchin
et al., in preparation).
Surveys with ALFA will continue for
at least another five years. Follow-on
surveys will venture to greater cosmological distances and to new regions
in parameter space for pulsars, transient radio sources and the interstellar
medium. Survey discoveries, of course,
need multi-wavelength follow-up to
achieve the transformational science
that motivates them. Here we summarize the meeting and key outcomes.
The meeting agenda and presentations are available at http://www.naic.
edu/~astro/frontiers/ .

Pulsars and Fundamental Physics:
Pulsars provide unique opportunities
for testing theories of gravity in the
strong-field regime, for use as detectors of gravitational waves, and for
providing empirical windows on matter in states completely inaccessible to
terrestrial experiments. Important tests
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of General Relativity are already an important success story for Arecibo. Future work will improve upon this significantly as more compact binary systems
are discovered. Precision determinations of neutron star masses constrain
the equation of state of dense matter
as a very inexpensive complement to
those to be provided by the Large
Hadron Collider. Observations of magnetar-like pulsars explore the behavior
of matter under extremely strong magnetic fields. There are important synergies with gamma-ray astronomy using
AGILE and the forthcoming GLAST satellite in understanding the physics of
relativistic magnetospheres and their
radiation.

array of such telescopes. The ensemble is presently anchored by 20 pulsars from Parkes (Australia), with just
two of these in the Arecibo sky. Arecibo routinely observes another seven
MSPs. The addition of pulsars from the
northern sky doubles the sensitivity of
the ensemble, as this is proportional to
the square of the rms timing residual
and the fourth power of the data-span
length (years), divided by the number
of pulsars used, all factors improved by
Arecibo. This may very well lead to detection of nano-Hz gravitational waves
and ensuing constraints on cosmological processes. At the very least, upper
bounds on gravitational wave energy
density will become ever more severe.

To accomplish pulsar science, large
surveys with Arecibo using the ALFA
system are needed to find the rare
relativistic binaries and millisecond
pulsars (MSPs) that provide the best
astrophysical clocks. Sustained timing
observations of key objects are needed
to test general relativity and to detect gravitational waves, as they have
for the Hulse-Taylor binary (33 years)
and the most stable MSP, B1855+09
(20 years). Further optimization of timing precision requires better mitigation
of both the phenomenological limits
to precision intrinsic to pulsars and of
those due to the interstellar medium.
This effort requires the high signal-tonoise ratio measurements that Arecibo
provides, wide-band feeds and receivers with well-understood instrumental
polarization.

New infrastructure for this enterprise
includes development of a coherent,
real-time dedispersion system with at
least one GHz of bandwidth. Feeds
and receivers with high polarization
purity will minimize bias in arrival time
estimates.

Arecibo as a Key Element in A Pulsar
Gravitational-Wave Observatory: Our
only estimate for the cosmic gravitational wave background energy density at frequencies of 10-7 to 10-9 Hz is
provided by timing an ensemble of millisecond pulsars (MSPs). These GW frequencies complement those accessible
to LISA, LIGO, and via observations of
the cosmic microwave background,
at a tiny fraction of the costs of these
other methods. Existing results from
the pulsar timing ensemble have already greatly reduced the parameter
space for cosmic strings and super massive black hole binaries. A pulsar timing ensemble needs all-sky coverage,
and hence a multi-instrument facility.
Arecibo is a crucial node in a global


Transients and SETI: Recent work has
identified a burgeoning zoo of transient radio sources that vary on time
scales from nanoseconds to years. The
well-known “giant pulses’’ from objects
like the Crab pulsar are now joined by
rotating radio transients (RRATs), intermittent pulsars, and radio-emitting
magnetars. There are also unidentified
transients that may arise from exotic
sources, like merging neutron stars at
cosmological distances that are also
probably associated with gamma-ray
bursts. Additional sources of transients
include flare stars, exoplanets, particle
events from cosmic rays interacting
with the Moon and the atmosphere,
and extraterrestrial civilizations.
While transient surveys are best done
by telescopes with large fields of view,
Arecibo’s sensitivity can be exploited
for a general synoptic survey of the
transient radio sky by outfitting the
telescope with a multi-pixel feed and
receiver system. Arecibo has already
been essential to making follow-up
observations to characterize sources
discovered elsewhere. One example
involved the identification of the underlying periodicity of objects discovered through their emission of individual pulses rather than directly through
NAIC/AO Newsletter

their periodic emission. A second is in
providing the most sensitive flux limits
on the radio flux in the “off” state for intermittent pulsars such as B1931+24, a
remarkable object that is typically on for
only 10 out of every 40 days. Arecibo
has already discovered several RRATs
in the PALFA survey and will be crucial
for characterizing the RRAT population,
including their space density and their
relationship to other neutron stars, not
to mention the physics that underlies
their intermittency.

HI Cosmology at z=0: The current extragalactic HI line surveys with ALFA
are detecting unprecedented numbers
of galaxies and providing the first detailed view of the HI universe over a
cosmologically significant volume (see
Fig. 1). The available combination of
sensitivity, bandwidth, spectral and angular resolution is sensitive simultaneously to low mass gas-rich dwarfs with
MHI < 108 M and massive disks with
MHI > 1010 M. HI line surveys contribute
not only redshifts, but also measures of
the current gas content and dynamical mass, complements to measures of
the stellar populations contributed by
optical/IR imaging and spectroscopic
surveys like SDSS and 2MASS. Over the
next 5 years, the current surveys will
deliver a robust determination of the HI
correlation function and its bias parameter at z=0, providing the baseline for
future studies of galaxy and structure
evolution with redshift and will permit meaningful tests of the characteristics of void populations predicted by
numerical simulations. Arecibo’s high
sensitivity permits the robust determination of the low mass end of the HI
mass function below 108M, inaccessible to previous surveys; the low HI mass
slope is critical to our understanding
of the number and distribution of low
mass halos. The size and depth of the
HI census contributed by these surveys
will permit the discrimination of whether the HI mass function shape is dependent on morphology and environment
separately. Building on developments
of phased arrays likely in the next 5
years, future surveys would be greatly
sped up by an Arecibo system with up
to 37 beams; such capability would allow a 400 square degree survey of the
dynamically young Virgo cluster region
to MHI ~ 2 x 106 M, yielding an unprecDecember 2007, Number 42

edented view of on-going accretion in
the densest region of the Local Supercluster.

How do galaxies accrete their gas? Currently, only a few tens of galaxies have
been detected in HI at redshifts greater
than 0.2. In addition to the blind HI
mapping surveys, Arecibo’s tremendous sensitivity also enables unique
systematic campaigns that target welldefined samples of galaxies chosen by
their multiwavelength fluxes, colors
and/or spectroscopic characteristics.
HI disks contain the reservoirs of gas
necessary to future star formation and
the fueling of active galactic nuclei.
Coordinated multiwavelength programs will permit the investigation
of physical processes by which galaxies accrete gas from the dark matter
halo, how the gas cools and is distributed within the disk and eventually
converted into stars. Because there is
no theoretical expectation that massive gas disks are not associated with
massive stellar counterparts, surveys
to characterize the high mass population do not need to be HI blind; they
can be efficiently probed by targeted
observations using low noise receivers. The current GALEX-Arecibo-SDSS
program aims to derive HI contents
for 1000 galaxies with stellar masses of
~3 x 1010 M, the mass scale at which
galaxies appear to transition from
“old” (red and dead) to “young” (blue
star forming). Once this low redshift
baseline study is completed, it should
logically be extended to permit the
characterization of the galaxy population to redshifts as high as 0.3–0.4, of
critical importance as exploratory SKA
science. Even with Arecibo’s great collecting area, such studies will require
hours per target. Development of an
optimized low noise feed cluster from
0.9 to 1.2 GHz with a low noise central
beam plus outrigger horns for interference rejection is an important element
of future Arecibo programs which will
begin the exploration of SKA-class science regimes.
Interstellar Processes and Cosmic Magnetic Fields: Arecibo’s sensitivity has
long been deployed in studying the
interstellar medium. A recent example is the 2003 Millennium survey of
the ISM’s gas properties, using just 79


continuum sources, which overturned
the long held McKee & Ostriker paradigm. There are 1125 other sources that
could be used to thoroughly sample the
parts of the Galaxy in the Arecibo sky,
to develop rather than simply dismiss
future theories – the Millennium++ HI
survey. This requires more than 1000
hours of single-pixel telescope time.
High sensitivity in concert with hightime-resolution spectrometers are key
to exploration of interstellar scintillations and using them to probe both
the medium and compact sources on
extraordinary scales of 103 km and submicroarcseconds, respectively. Arecibo
can also be used to build upon the first
direct measurement—using Arecibo—of
extragalactic magnetic fields in ULIRGS
using the Zeeman effect. Surveys
for pulsars and extragalactic sources
yield Faraday rotation measurements
that, in large numbers, can be used to
model the Milky Way’s magnetic field
and probe fields in the intergalactic
medium. Understanding the Galaxy’s
magnetic field and other constituents is
essential for successful measurement of
polarization of the Cosmic Microwave
Background. Magnetic fields in other
galaxies, also probed by Faraday rotation measurements, inform us about dynamo processes in galaxies and about
the origins of the seed magnetic fields.
Future work in this area can build upon
current ALFA surveys by making follow-up continuum multi-pixel surveys
at higher frequencies, by making polarimetric observations of pulsars, and
by extending surveys to the full Arecibo
sky.

High Angular Resolution Science: The
“High Sensitivity Array” (HSA) consists
of the GBT, Effelsberg, the VLA, the
VLBA and Arecibo. Including Arecibo
doubles the sensitivity at centimeter
wavelengths. This enables the detection of radio emission from a wide
variety of stars, with the possibility of
differentiating between stellar flares,
magnetospheres, and star-disk interfaces. It also allows the radio followup of Spitzer observations of pre-Main
Sequence stars, as well as the study of
brown dwarf flares. These VLBI capabilities allow radio follow-up of gamma
ray burst sources, for probing the cores
of galaxies at z ~ 0.3 to 1 on the same
angular scales as those of the Hubble
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Space Telescope on local galaxies, and,
via the structure of gravitational lenses,
the determination of the mass of black
holes. Other unique science capabilities include the study of astronomical
masers and pulsar astrometry, the latter providing key empirical input to
studies of momentum kick mechanisms
that occur in core-collapse supernovae.
Further improvements in VLBI capabilities at all sites involve exploitation of
Moore’s law as it translates into wider
bandwidths and greater flexibility in
processing time-variable signals. It is
essential that Arecibo partake of these
global improvements in VLBI instrumentation.
Action Outcomes:
1.		 The meeting was a great forum
for professional outreach between different subdisciplines in astronomy and
space science, and invigorated attendees’ appreciation of the wide landscape
of Arecibo science.
2.		 The broad science case for Arecibo needs to be promoted to the entire
scientific community, funding agencies
and the general public. In particular,
documents need to be prepared for
discussions with government officials
and for presentation to the decadal
survey for astronomy and astrophysics.
The latter is best done by targeting our
scientific peers through talks and articles, along with an Arecibo Scientific
Roadmap.
3.		 Arecibo’s role in transformational science and education and public outreach needs to be presented to a
wide public forum.
4. Future Arecibo science requires
a robust, current program of research,
and development of hardware, software and data management systems.
These should include:
a. 1–2 GHz coherent dedispersion
backends for precision pulsar timing;
b. Wideband feed development
(1–10 GHz feed and 4–8 GHz
array capability) for pulsars, transients, Faraday rotation measurements and surveys for complex
molecules;
c. Three-horn feed cluster for 0.8 to
1.2 GHz for extragalactic HI, transient and pulsar surveys and also
for pulsar timing;
d. Phased-array feed antennas to
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provide multi-pixel coverage from
800–1200 MHz as a follow-on to
a cluster feed;
e. Phase-reference antenna and
10 GB plus fiber connectivity to
the US (for VLBI);
f. Arecibo needs to invest in resources and tool development
for archival and curation of data
produced in surveys and in survey follow-up. These data are
precious legacies with life cycles
that need careful planning.

Future Planetary Radar at Arecibo: The Case for NEOs
Mike Nolan (NAIC)

T

he Arecibo planetary radar system
was discussed at the Frontiers of
Astronomy meeting outlined above. In
addition, Arecibo was featured prominently at the hearing of the Space
and Aeronautics Subcommittee of the
House Committee on Science and Technology on November 8, entitled “NearEarth Objects (NEOs)—Status of the
Survey Program and Review of NASA’s
Report to Congress”, which had several
of the same speakers.
At the meeting, Don Campbell (Cornell)
gave a review of the status and needs
of the radar program:
1. A well-maintained astronomical observatory with good equipment
support.
2. Approximately $1 million per
year for staff, maintenance and consumables (primarily fuel) for the program itself.
3.		 Approximately $1.5 million over
the next few years for major equipment
maintenance (overhaul of the turbine
generator and new Klystrons). He
pointed out that these numbers represent only the incremental cost of the
planetary radar program given a robust
scientific and engineering program at
the observatory. He then gave a summary of the work that the program is
doing and will be doing over the coming decade:
a. Tracking and study of near-Earth
objects.
b. Using radar astrometry to study
solar gravitational physics and
general relativity by determining


orbital precession of the planets
and asteroids.
c. Study of the surface characteristics of the terrestrial planets.
d. Support to ongoing spacecraft
missions.
Bill Bottke (SwRI Boulder) presented a
lively demonstration of the importance
of small bodies in the Solar System,
and suggestions as to how the program would be vital now and in the
future. His presentations showed the
importance of interactions between
the major solar system bodies and the
asteroids, and how we learn about the
system as a whole. The radar studies of
NEAs at Arecibo in recent years have
revolutionized our ideas about what
controls the dynamics of these small
bodies, and is critical to determining
the evolution of any particular object.
Steve Ostro (JPL) gave a compelling
presentation of the excitement and
importance of radar imaging of asteroids, and the great strides that we are
making. He showed examples of the
breathtaking detail of the surfaces of
near-Earth asteroids revealed in highresolution radar images. The surface
and rotation characteristics and the discovery of a large fraction of binary objects also reveal the internal structures
of these objects. Some are monolithic
objects, while others are rubble piles.
Don Yeomans (JPL) addressed the
question of the possible hazards from
impacting NEOs, and how Solar System
dynamics are sufficiently complicated
that the radar program will be needed
to identify these hazards into the foreseeable future. Any mitigation strategy
will depend on knowing the internal
structure of a particular object, which
can only be addressed by radar imaging, or a (much more expensive) spacecraft mission.
Both Campbell and Yeomans also participated as witnesses at a congressional hearing before the Space and Aeronautics Subcommittee of the House
Committee on Science and Technology
entitled “Near-Earth Objects (NEOs)Status of the Survey Program and Review of NASA’s Report to Congress”.
The witness testimony by Campbell (as
a planetary radar expert) and Yeomans
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(as head of the NASA NEO program office at JPL) at the hearing November 8
was loosely based on their earlier presentations, though without most of the
dramatic graphics, and was somewhat
more general. The other witnesses
were Luis Fortuño, Puerto Rico’s nonvoting Congressional representative,
James Green, Director of the Planetary
Science Division at NASA, Scott Pace,
Associate Administrator for Program
Analysis and Evaluation at NASA, J.
Anthony Tyson, director of the Large
Synoptic Survey Telescope (LSST) project, and Russell “Rusty” Schweickart,
Chairman of the B612 Foundation, and
formerly an Apollo astronaut.
The written testimony and a webcast
of the actual hearing are available online at http://tinyurl.com/33zvgz. Each
witness read a 5-minute statement, excerpted from their written testimony,
and then answered questions posed by
several of the committee members.
In his opening statement, subcommittee chairman Mark Udall said, “First, I’d
like to hear from each of the witnesses
about the planetary radar capabilities
at Arecibo and Goldstone.” He also
opined that NASA had not fulfilled a
congressional mandate to “plan, develop, and implement” a NEO survey program for objects as small as 140 meters
in size in the NASA Authorization Act
of 2005.
Each of the witnesses was previously
given a specific set of questions to concentrate on in their testimony. About
half the discussion centered on “hazard mitigation” by deflecting a hazardous asteroid, which will not be further
discussed here. The NASA representatives (Green and Pace) showed current
progress in NEA searches, and suggested that the cost to meet the “implementation” portion of the mandate would
be impossible under NASA’s current
budget. Cooperation with other projects, such as Pan-STARRS and the Large
Synoptic Survey Telescope (LSST),
would meet these goals at much lower
cost, though at a slightly slower pace.
They concentrated on detection, and
did not emphasize the use of radar or
other ground-based techniques for
further study (“characterization” and
“tracking”). They did mention spaceDecember 2007, Number 42

craft characterization.
In the question session, when asked,
the witnesses agreed that Arecibo
was a necessary part of the NEO program for identifying hazardous objects
once they were discovered. Dr. Green
referred to an NRC report from 2001
suggesting that NSF should support its
facility infrastructure, including the Arecibo radar.
Dr. Tyson showed a plan to shorten
the survey time from 16 to 12 years,
by tripling the time spent on dedicated
NEO search from 5% to about 15%. As
a result, NASA’s financial contribution
to LSST would hopefully increase to
$10M per year. NASA is not currently
committed to provide any support for
operation of the LSST.
In their final statements to address the
priority of effort, all of the witnesses indicated that both detection and characterization are necessary. Dr. Pace
suggested that the characterization
program would fit into NASA’s science
program. Dr. Tyson claimed that LSST
would obtain good orbits and some
compositional information as part of its
survey. Ultimately, optical observations
over either multiple years of observations (typically three “apparitions”) or a
combination of optical and radar data
are required to determine whether an
object is hazardous. Obtaining compositional information from broadband
(VRI) colors requires that the bands be

observed nearly simultaneously, which
they will probably not be. Dr. Green’s
final statement reiterated NASA’s position that the NSF should support the
radar program at Arecibo.

The Many Streams of the Magellanic Stream
Snezana Stanimirovic, Samantha Hoffman (UW-Madison), Carl Heiles, Kevin
A. Douglas (UC-Berkeley), Mary Putman (Univ. of Michigan), Joshua E. G.
Peek (UC-Berkeley)

M

ore than 40 years since its discovery, the Magallenic Stream still
provides a lot of surprises. As a part of
the on-going GALFA survey we have
obtained an H I image of a region located at the tip of the Magellanic Stream.
Data from several GALFA projects, especially `Turn On Galfa Spectrometer’
(TOGS), were combined to produce an
image covering about 1000 square degrees on the sky. Figure 2 shows the
velocity field of the tip of the Stream.
While previous studies suggested
that the Stream is dying off around
Dec~0 deg, the new GALFA image
reveals four coherent large-scale filaments extending continuously up to
Dec~25 deg. These spectacular filaments are accompanied by many small
H I clumps. Comparison with numerical
simulations by Connors et al. (2006)
suggests that a 3-way splitting of the
main Stream filament may have taken

Fig. 2: First moment image
of the tip of the Magellanic
Stream obtained with ALFA.
Color represents the velocity centroids and brightness
represents integrated intensity. The image has been
smoothed slightly to emphasize weak features.” (Courtesy:
S. Stanimirovic)
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place due to gravitational interactions between the SMC, the LMC, and
the Galaxy. One of the newly discovered “streams” has significantly different morphology and could be much
younger than the other three. This
statement is in agreement with Connors et al. (2006) who suggest the existence of younger filaments running out
of the Magellanic Bridge.
The existence of numerous discrete H I
clumps in Figure 2 is striking. We have
made a catalog of H I clumps and found
that they have several important characteristics. The clumps seem to have
a characteristic angular size of about
10 arcmin, and their center velocities
suggest kinematic splitting into two
groups: the main one with velocity of
–350 km/s, and a smaller one with velocity of –405 km/s. Kinematic splitting
has also been postulated by the tidal
model of Connors et al. (2006). In addition, 20% of clumps show evidence
for a two-phase medium, a colder core
and a warmer envelope.
We have investigated several important mechanisms that could cause such
clumpy morphology and concluded
that thermal instability, operating over
a timescale of ~50 Myrs, must have
played a very important role in the evolution of warm gas originally drawn out
of the Magellanic Clouds. The characteristic size scale is something thermal
instability would naturally produce.
The condensed small clumps are longlived even though they are embedded
in the hot Halo gas or a diffuse ionized
medium surrounding the Stream, with
a typical lifetime of ~1 Gyr.
If the clumpy morphology is induced
by thermal instability, then the characteristic cooling length can be related to
the characteristic clump angular size to
provide an estimate of distance to the
Stream tip. Interestingly, this analysis favors a distance of 80 kpc, which agrees
with tidal models. This is significantly
smaller than the distance inferred by
Besla et al. (2007), who used the most
recent proper motion measurements
and suggested that, contrary to all previous assumptions, the Clouds are on
their first passage around the Galaxy.
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GALFACTS Team Ready to Go
Russ Taylor (U. Calgary) & Chris Salter
(NAIC)

O

ver the past year the GALFACTS
data facility has been put in place
and the code for the processing pipeline software written and exercised on
test observations taken in essentially full
GALFACTS mode. GALFACTS observed
commensally with the GALFA-HI observing program A2174. That project,
led by Lewis Knee and James Di Francesco of the Herzberg Institute of Astrophysics, was a 21-cm HI line observation using the, GALFA spectrometer

ing the GALFACTS processing pipeline, provides full-Stokes polarimetry
of the region offering the potential of
complementary information on the relationship between magnetic fields and
the molecular and atomic gas in this region.
For the A2174 continuum observations, the WAPP spectrometer was
used as backend, providing 100 MHz of
bandwidth in 256 channels. For actual
GALFACTS observations, we will use
the new FPGA spectrometer to cover a
300-MHz bandwidth.
A switched
(25 Hz) low-intensity noise-diode signal
was added to calibrate the electronic

Fig. 3: Observed and model beam shapes for ALFA Beam 5. The right hand panel shows the
observed image-plane beam shape of Beam 5 as an image of a calibration source. The left hand
side is an image of the model beam shape derived by iteratively fitting a linear combination of
Zernike polynomials to the wavefront error function. The lowest contours are 2%, 4%, 6% and
10% of peak intensity, thereafter increasing by 10% intervals. (Courtesy: R. Taylor & C. Salter)

to image an 18 × 12 degree region of gains of the fourteen channels (two pothe Perseus molecular cloud complex. larizations per beam). Our GALFA HI
Those observations supplement the partners graciously accepted the resultSpitzer “Cores to Disks” (C2D) legacy ing 0.5 K increase in their system temsurvey, and the related “Co-ordinated perature. The observations were taken
Molecular Probes Line Extinction and in fast meridian scanning mode as will
be done for GALFACTS. The commenThermal Emission”
(COMPLETE) survey of
this region. The
goal of A2174
was to address
the formation,
evolution and
destruction
of
molecular
clouds,
connecting
stars
to their atomic
gas
origins. Fig. 4: The aperture plane illumination function (left) and the aperture phase
distribution (right) for Beam 5 derived from the Zernike polynomial fits to the
The GALFACTS beam 5 response function. For the aperture illumination, dark regions have
commensal ob- higher weight. The lowest contour is 10% of maximum and the interval is
servations,
in 10%. For the phase distribution, green contours are negative angles. (Couraddition to test- tesy: R. Taylor & C. Salter)
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sal drive program for the observations
was specified by the GALFACTS team,
and implemented in short order by Mikael Lerner (NAIC).
Following arrival in Calgary, the data
are first run through an RFI detection
and excision routine. The complex
gains of the electronic signal chain are
then measured and corrected using
the switched noise diode signal. This
signal is also used to correct the band
shape based on measurements of the
frequency dependence of the noise
diode amplitude using continuum calibration sources. The data, now on a
Kelvin scale, are “basket-weaved” using
the sky-crossing points of the “UP” and
“DOWN” sets of meridian scans. This
process achieves an internally-consistent zero level for each beam data set
over all observing days, employing an
extension and refinement of traditional
single-pixel basket-weaving (Haslam,
Quigley & Salter, 1970, MNRAS, 147,
405).
One of the final stages in the data reduction is to apply a “Multi-beam CLEAN”
deconvolution algorithm to remove
the effects of the near-in side lobes of
the ALFA beams. This is particularly
critical for the large coma-lobes of the
six outer beams of the ALFA array. The
technique has been developed by S.
Guram and R. Taylor and is the subject
of Guram’s M.Sc. Thesis, recently com-

Fig. 5: Sample results of
Multi-beam Clean. The
top panel shows the initial
“dirty” image of a section
of the data. The middle
panel shows the effect
of Multi-beam Clean.
The near-in sidelobe responses around compact
sources are largely removed. The bottom panel shows the same region
from the NVSS. The faint
sources surrounding the
bright compact source at
the right were previously
masked by side-lobe structure but become visible
in the ‘Cleaned’ image.
(Courtesy: R. Taylor & C.
Salter)

pleted at the University of Calgary. Because the images are constructed from
scans made with all seven beams, the
point source response function is dependent upon its position in the map
– varying depending on which of the
seven ALFA beam tracks traverses the
vicinity of the source. Multi-beam Clean
is a variation on the Högbom Clean
algorithm, which was developed for
interferometers. In Multi-beam Clean

the deconvolution iterates between
the image and the time-domain data,
removing the sidelobes in the time-series data based on a knowledge of the
time-domain response function of each
beam in the scan data, and the location
of the sources (Clean components) in
the map.
Multi-beam Clean requires an accurate mathematical model for each of

Fig. 6: Top panels are
GALFACTS
images
from A2174. Left is
Stokes I and right is
Stokes U. These images are band-averaged
over the central 80
MHz. Bottom panels
are the same region
from the GB6 survey
(left: Gregory et al.
1996, ApJS, 103, 427)
and Hα from WHAM
and
VTSS
(right).
(Courtesy: R. Taylor &
C. Salter)
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emission as well as the IRAS 60 micron
emission from dust. The ISM is seen to
be complex and highly structured. The
study of the relationship of magnetic
fields to the gas and dust, and their role
in the evolution of ISM, are among the
key science goals of GALFACTS.

Update on the ALFA Surveys
Murray Lewis (NAIC)

T
Fig. 7: Composite image of the ISM in the Perseus molecular cloud region. The image shows radio
continuum (gray-blue) and atomic hydrogen (diffuse yellow-brown) gas from GALFACTS mode observations of A2174, as well as IRAS 60 micron emission from dust (orange). The HII region IC 348
is seen near the centre and the California nebulae at upper left. Complex regions of structure in gas
and dust surround both nebulae. (Courtesy: R. Taylor & C. Salter)

the ALFA beams. These beam models
must allow the response function in
the time domain to be derived along
a track that has arbitrary distance and
orientation relative to the beam center. We have derived mathematical
representations of the beams using an
iterative technique that fits the PSF of
each beam with linear combinations of
Zernike polynomials. These polynomials model the PSF using the amplitude
and phase wavefront error terms. Figure 3 shows the observed beam PSF of
Beam 5, from an image of a calibration
source, along with the model PSF from
the Zernike polynomial fits. Figure 4
shows the corresponding Beam 5 aperture illumination function and aperture phase distribution. An example of
Multi-beam Clean for Stokes-I is shown
in Figure 5. The algorithm removes the
complex near-in side-lobe structures surrounding strong compact sources and
accurately reproduces the sky structure
around the sources as can be seen by
comparison with the higher resolution
NVSS image. The Clean-component
model of the Stokes-I image derived via
Multi-beam clean will also be used for
removing the Stokes-I leakage response
patterns from the Stokes Q, U and V image cubes.
The preliminary continuum images of
the Perseus molecular cloud region for
Stokes I and U are shown in Figure 6,
along with images of the same area
December 2007, Number 42

at λ6cm from the GB6 survey and the
VTSS+WHAM Hα emission (Finkbeiner
2003, ApJS, 146, 407). The Stokes U
image shows features over a range of
spatial scales that are primarily Faraday
rotation structures caused by the magneto-ionic medium. Many of the features in U are reproduced in high-resolution (arcminute) VTSS Hα emission
maps. Combined analysis of Hα intensity (dependent on the ne and Te) and
of polarization position angle variations
(depending on B and ne) can be used
to derive the magnetic field strength in
the ISM.
The comparison between the GALFACTS and GB6 images demonstrates
the depth of the GALFACTS survey
compared to the similar resolution
Green Bank survey, even over the lower bandwidth (~80 MHz) of the WAPPs.
Also clear is the much better response
to low-spatial frequency structures (e.g.
the diffuse emission from the California
Nebula (upper left).
The basic scientific data products from
GALFACTS will be spectro-polarimetric
image cubes with Stokes I, Q, U and V
as a function of frequency. The observing band includes the atomic hydrogen line. Figure 7 shows a wide-area
view of the ISM in the Perseus molecular cloud region as a composite of the
GALFACTS radio continuum and HI


he ALFA Surveys will dominate the
use of the telescope for the next five
years. The Washington Meeting on
future radio astronomy with Arecibo
focused on the science anticipated in
the post-ALFA era, five to fifteen years
hence. A brief synopsis of the meeting
output is given above. We are using
the output from the meeting to outline the science case for Arecibo over
the coming 10–15 years, in generating a facility document for input to the
decadal survey, to NSF, and to other
funding sources. The materials from
the meeting will also be used to inform
specific science cases to the decadal
survey where Arecibo’s contribution is
crucial.
All of the ALFA surveys should be underway early in 2008 once the new
FPGA spectrometers are routinely operating, which will certainly present
the telescope scheduler with a challenging problem. The primary surveys,
which control telescope pointing, are
pALFA, the gALFA surveys (I-GALFA
& GALFACTS), and the three eALFA
surveys (ALFALFA, AGES, & AUDS).
Their various commensal partners
(TOGS, TOGS2, ZOA, RRL, & SETI)
should all be in operation too. We hope
to have the last piece of the Disk-Halo
proposal completed in the first quarter
of 2008. The home page for ALFA is
http://www.naic.edu/alfa/
GALFACTS, PALFA, ALFALFA, and
AGES were skeptically reviewed in
September, as these surveys had had
observing time in the calendar year
prior to August 1st. All are in a healthy
state. A few salient details follow:

GALFACTS: GALFACTS has used the
WAPPs for its precursor work, but has
really been waiting for the 300-MHz
NAIC/AO Newsletter

capability of the FPGA spectrometers.
The requisite software and procedures
are all in place, as the accompanying
article demonstrates. It also illustrates
the importance of removing the sidelobe responses from the data. The
300-MHz bandwidth poses a technical problem for the Observatory’s Electronics Department to solve. Saturation of the I.F. system of ALFA by the
1330/1350 MHz FAA radar on Pico
del Este is particularly harmful for
GALFACTS. Instead of making a very
quick recovery from saturation, some
component/s in the I.F. system give an
exponential decay of the radar spike
that can take up to tens of seconds to
die away. Thus, on occasion, the decay
of the effects of a radar pulse may not
have reached zero before the next large
pulse occurs 12 sec later! This is fatal
for continuum observations, which rely
on a clean signal representing the true
celestial radiation level. Data affected
by this broad-band effect must be discarded.
Starting in August 2007, the 26-m telescope at DRAO will begin a low-resolution, absolutely-calibrated survey of polarized emission. This is a joint project
between DRAO and the Max-PlanckInstitut für Radioastronomie. The project leaders at DRAO are Maik Wolleben
and Tom Landecker; the MPI interest is
led by Wolfgang Reich. The results of
this survey are to be integrated into the
GALFACTS images.
The polarization image cubes from
GALFACTS, and the catalogs of discrete sources, both galactic and extra-

Fig. 8: Two cone diagrams representing
two contiguous but
entirely independent
declination strips of
ALFALFA data: the
top one includes
2657 HI sources,
Dec 12 to 16; the
lower one includes
2550 sources, Dec 8
to 16. The two combined strips cover
about 1000 sq. deg
of sky, or 1/7 of the
projected coverage
of ALFALFA. In the
same region of the
sky HIPASS detected
178 HI sources, compared to ~5200 by
ALFALFA. (Courtesy:
R. Giovanelli)

galactic, will be a major legacy data set.
These products will be definitive and
will not be surpassed for the foreseeable future, irrespective of the advent
of the SKA, which will be an interferometric instrument. These “legacy compilations” help chart the way forward
for the international community to
gain an understanding of the magnetic
universe.
The project’s website is http://www.
ras.ucalgary.ca/GALFACTS. It links to
11 technical memos from the Consortium. There are presently 5 grad students, two of whom have completed
a GALFACTS inspired MSc; three are
undertaking a PhD. The GALFACTS images will be spectacular and well suited
for educational tools, textbooks, and
media for public consumption.

Fig. 9: The left panel shows the HI mass as a function of distance for the Dec 12 to 16 strip. Overplotted are the completeness and absolute detection limits of HIPASS. On the right, two small panels show velocity width vs S/N, indicating we don’t have a “width bias” in our detection algorithm,
and flux vs S/N, indicating our sensitivity limit is exactly proportional to √(width), as expected. (Courtesy: R. Giovanelli)
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PALFA: This survey will immediately
transition to the FPGA spectrometers,
to utilize their 300 MHz bandwidth.
PALFA has long operated a quicklook
facility for reviewing data, but has more
recently been conducting full resolution processing with two end-to-end
pipelines, and expects to process all
of their data with both. The “Cornell”
pipeline is faster because it does not
do an acceleration search, which the
“PRESTO” pipeline does. Currently it
takes about 3 hours to process all seven
beams of each 5-minute pointing compared to about 20 hours for the PRESTO
pipeline (if one CPU is used per beam).
The signal diversity – canonical pulsar
emission with relatively steady pulse
amplitudes as well as highly intermittent objects – warrants the use of two
processing algorithms, one that targets
periodic signals and one that is sensitive to single, dispersed pulses. Of the
known pulsars that have been blindly
detected, all are seen in the periodicity
search while 62% are also found in the
single pulse analysis.
PALFA has discovered pulsars in all of
the important subclasses that are the
targets of the survey: a millisecond pulsar, a relativistic binary pulsar, an object
with a likely high-energy counterpart,
and several intermittent objects found
with a single-pulse analysis. While
few single pulse objects have yet been
cataloged (~20), these objects may
double the number of neutron stars in
the Galaxy. PALFA has so far detected
NAIC/AO Newsletter

edu/~ages. Robbie Auld was granted the first AGES-based PhD in 2007
(Cardiff, UK). Newsletter No.41 (June
2007) showcases some of their results.

Fig. 10: This image shows the HI stream emerging from NGC 4254. The central part of the stream
was called a “dark galaxy” by Minchin et al. The Arecibo data of alfalfa undisputably show the dark
galaxy to be a section of a tidal stream drawn out of NGC 4254 by a high speed encounter in the
outer parts of the Virgo cluster. Panel on the left shows a moment map of the feature, panel on right
shows a position velocity map along the stream, including the emission from NGC 4254 at the bottom. (Courtesy: R. Giovanelli)

150 pulsars of which two-thirds were
previously known pulsars and 50 are
new objects. In addition, PALFA has
100 good periodic and single-pulse
candidates.
There are 8 refereed publications for
2006-7, of which 5 are in preparation
for 2007. The project supports 7 grad
students and 9 undergrads. In addition,
19 high school students are involved in
the project, through UT Brownsville.
The PALFA home page is at http://arecibo.tc.cornell.edu/PALFA/

ALFALFA: This survey uses the WAPP
spectrometers, and has been able to
operate at full capacity with the existing equipment for two years. It has
garnered ~2200 hours of telescope
time thus far. There were 9 refereed
papers as of August 1, which can
be accessed from their web site at
http://egg.astro.cornell.edu/alfalfa.
The first ALFALFA-based Ph.D. thesis
was defended in July 2007 by Amelie
Saintonge of Cornell University. There
are currently 7 grad student projects,
and 6 undergraduate senior projects.
Becky Koopmann (Union Coll.), Sarah
Higdon (Georgia Southern) and Tom
Balonek (Colgate U.) have received preliminary approval for a five-year grant
proposal to NSF-AST for formal support
of the Undergraduate ALFALFA team,
involving faculty and students from 14
colleges and universities throughout
the US (Colgate U., Cornell U., George
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Mason U., Georgia Southern U., Humboldt State U., Lafayette Coll., St. Lawrence U., Siena Coll., Skidmore Coll.,
Union Coll., U. Puerto Rico, U. Wisconsin-Stevens Point, Wesleyan U., West
Texas A&M). A major activity will be an
annual undergraduate ALFALFA workshop to be held at Arecibo during each
academic year. The first such event is
scheduled for January 2008.
Examples of ALFALFA’s current production are shown in Figures 8, 9 and 10.

AGES: This survey uses the WAPP spectrometers, and had garnered 215 hours
of telescope time thusfar (~10% of that
requested). They have two refereed
publications listed at http://www.naic.

The AGES Consortium has been actively developing its data reduction
pipeline, assessing data quality (Fig.
11), testing source detection methods,
and quantifying completeness and reliability. Its observing procedures are
now fully automated in software and
very easy to use (http://www.naic.edu/
~ages/a2048/AGES_guide.html). They
have adapted the HIPASS software
(LIVEDATA and GRIDZILLA) so that it
operates on the Arecibo CIMAFITS file
format. LIVEDATA performs bandpass
estimation (using various user specified algorithms), Doppler tracking and
calibrates and smooths (if required)
the residual spectrum. GRIDZILLA is a
gridding package that co-adds all the
spectra letting the user have full control over beam selection, polarization,
frequency range, and image and pixel
size. AGES is currently experimenting
with alternate ways of fitting the bandpass and combining scans to extract
more extended features.
One of the challenges facing the extragalactic HI surveys is developing a
method for detecting galaxies that is
both well-defined and complete. To
achieve this goal, AGES has been experimenting with different detection
methods. Currently they search each
data cube by eye (independently by
two people) and also use an automated finder (POLYFIND) developed

Fig. 11: Comparison (A1367 field) of the HI fluxes (left) and velocity widths (right) measured by
AGES, Lwide and past literature. Filled circles indicate the 22 sources confirmed during L-wide
follow-up observations, empty circles show the 18 galaxies already known from the literature .
The dotted lines indicate the one to one correlation. (Courtesy: Cortese et al. MNRAS accepted,
2007)
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At UMass, Steve Schneider and Mike
Stage are leading analyses of the completeness and noise statistics of the
AGES data cubes. Their work has two
goals: (1) to establish the completeness
level for sources in the AGES fields; and
(2) to estimate the mass function at
levels below direct detection. Both of
these projects are being carried out by
generating simulated sources and inFig.
12:
Reliability
selection
crite- serting them into the raw data. This inria
for
265
detections
from
the volves creating realistic galaxy profiles
NGC
1156,
Abell
1367
and of a wide range of velocity widths and
NGC 628 regions. Black represents detections
fluxes, and inserting them into the raw
that have either been followed up or strong signals confirmed by 3 independent methods. Red data stream according to the sensitivirepresents sources that were not confirmed by ties of each of the ALFA feeds as well
follow up observations. Stars represent sources as their (fictitious) distance from the
that were detected by all three methods, circles
beam centres. The data is then passed
by two methods and triangles by one method.
Marked on the plot are reliability contours em- through LIVEDATA and GRIDZILLA to
pirically derived from the data. (Courtesy: Cor- form a new data cube. This has now
tese et al.)
been performed with one of the data
by Davies and Minchin. They have also cubes, and AGES is fine tuning its proobtained follow-up observations of low cedures to avoid introducing subtle
signal to noise detections to check on biases that may affect the detectability
the reliability of their methods. Figure of faint but wide-profile sources. The
12 shows the peak signal-to-noise plot- resulting data cubes will be tested
ted against their W20 velocity width, blindly using the same search routines
which they find to be the best plane as used on the real AGES data.
for selection. The dashed line in Fig. 12
empirically gives 75% reliability. They
are also evaluating a new automated VLBI News
source detection method (DUCHAMP) Tapasi Ghosh (NAIC)
developed in Australia by Matthew
Whiting.
The completeness of a survey is a measure of its ability to detect all of the
sources that are present in the survey
fields above the detection threshold.

T

he 3rd US VLBI Technical Group
meeting took place at Arecibo
on 29–30 November, 2007. Participants attended from NRAO/VLBA,
MIT/Haystack Observatory, and NAIC/
Arecibo Observatory. They discussed

various aspects of on-going technical
developments of relevance to VLBI
observations. The goal of these meetings is to promote coordinated efforts
toward producing next-generation
VLBI data-acquisition systems, recorders and correlators to be used in both
astronomical and geodetic studies during the decade following 2010.
Prior to this meeting, on the 26th October, in the on-going effort toward
improving data connectivity to VLBI
correlators, a test run was successful in
sending VLBI formatted data from Arecibo to the JIVE correlator in the Netherlands at a sustained rate of 105 Mbps,
shown in Figure 13. This was achieved
over the existing 155-Mbps OC3 connection that is shared with three campuses of the University of Puerto Rico
(UPR). This success was made possible
by software developments undertaken
at JIVE by EVN scientists and engineers. Arecibo’s connection to the Internet2 backbone will be upgraded to
use gigabit ethernet. This will increase
the bandwidth for the steady connectivity to a rate of about 200 megabits/s,
and with rates of up to 512 megabits/s
on demand during the low traffic periods for special-purpose uses. A memorandum of understanding is due to be
signed with the UPR which will guarantee AO the use of this high-speed
link at its maximum data rates during
future eVLBI experiments.

Two Massive Neutron Stars
Paul Freire (NAIC)

T

he density of matter at the center of
neutron stars is one or two orders
of magnitude larger than the density of
atomic nuclei. The behavior of matter
at these densities is not known. Studies
of pulsars can constrain the bulk properties of matter (more particularly, the
relation between pressure and density,
or the equation of state, “EOS”) at these
high densities. Measuring the properties of matter at extreme densities and
temperatures is among the top priorities for research in astrophysics outlined
in the report of the National Academies
entitled “From Quarks to the Cosmos:
Eleven Science Questions for the New
Century” (Board on Physics and Astron-

Fig. 13: The
First 105 Mbps
sustained eVLBI
data transfer between Arecibo
and JIVE over
OC3 (155 Mbps
max)
connection and using
UDP protocol.
(Courtesy:
T.
Ghosh)
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omy, 2003, National Academies Press).
It has broad repercussions for nuclear
physics and cosmology.
One of the ways in which we can constrain the EOS is by measuring pulsar
masses. The “soft” EOS models predict
lower pressures for a given density.
More compressible matter translates
into smaller, compact stars with very
high gravitational fields, with upper
mass limits of about 1.6  M (above
that limit, the star implodes and forms
a black hole). Finding a more massive
star, we can exclude such “soft” EOS
models; this would tell us that matter at
the very high densities inside neutron
stars is highly incompressible.
All precise neutron star masses previously measured fell between 1.2 and
1.44 M. Most of these are located in
double neutron star (DNS) systems like
PSR B1913+16, the first binary pulsar.
These are “mildly” recycled pulsars.
They were formed in binary systems
with massive companions (more than
8 M). These evolve relatively fast,
therefore the accretion episode that
recycled the pulsar is thought to last a
few Myr. Because of the relatively short
duration of the accretion episode, their
spin periods do not go above tens of
Hz, and their masses are not expected to increase significantly relative to
newly born pulsars. Once their massive companions finish their evolution, they explode as supernovae. If
the binary system survives, we are left
with two neutron stars in an eccentric
orbit about each other. This allows us
to measure relativistic effects that give
us unambiguous determination of the
masses of the two components of the
system. Having more than two such
effects allows us to test the self-consistency of General Relativity.

larized right at the start, and remains so
through most of the accretion episode.
Eventually the companion star evolves
into a white dwarf star, and the fastspinning neutron star becomes a radio
millisecond pulsar (MSP). Since this is
a gradual evolution, the system preserves its circular orbit. With a single
exception, the Galactic MSPs in binary
systems have white dwarf companions
and orbits with very low eccentricities.
This circularity does not allow the detection of the two most easily measurable relativistic effects: the precession
of periastron and the Einstein delay.
Therefore, for most MSPs in binary
systems, a measurement of the pulsar
mass is impossible. In a few cases, a
combination of extraordinary timing
precision and a very high inclination
angle have allowed a precise determination of the mass of a MSP through the
Shapiro delay.
The best case is
PSR J1909-3744, a 2.9-ms pulsar with
a mass of 1.438 ± 0.024 M (Jacoby
et al. 2005, ApJ, 629, 113). This value
is similar to what was determined for
the members of double neutron stars,
and it suggests that at least some MSPs
might be spun up to spin frequencies
of hundreds of Hz with relatively small
amounts of matter.
Is that the case for all MSPs, or just for
some? Fortunately, over the last few
years, we have quadrupled the number
of known MSPs in globular clusters (see
updated list at http://www2.naic.edu/
~pfreire/GCpsr.html). This includes a
recent discovery of a dozen new MSPs
in globular clusters made with the

If a pulsar is formed in a binary system
with a star having a mass smaller than
8 M, then that star will evolve over
a larger period of time. As the companion evolves and fills its Roche lobe,
accretion of matter onto the pulsar
starts, but in this case it can last hundreds of Myr. This long accretion episode can spin the pulsar to rotational
frequencies of hundreds of Hz, and
could, theoretically, make it significantly
more massive. The orbit is tidally circuDecember 2007, Number 42
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Arecibo telescope (Hessels et al. 2007,
ApJ, 670, 363, see also previous item
in this newsletter). One of the properties of these objects is that, unlike in the
Galaxy, MSPs can have eccentric orbits.
This happens either because originally
circular orbits are perturbed by close
flybys of nearby stars (a likely thing to
happen in an environment of very high
stellar density like a globular cluster),
or because the MSP exchanged companions completely. As in the case of
the double neutron star systems, we
can use the eccentric orbits to measure
relativistic effects and determine the
pulsar masses.
Thus far, only the periastron advance
has been measured for the MSPs in
globular clusters. Assuming it is relativistic, this allows us to estimate the total
mass of the binary system. Knowing the
mass function of these binaries, we can
estimate for each system a maximum
pulsar mass and a minimum companion mass. We can also estimate, based
on probabilistic arguments, a distribution function for the mass of the pulsar
and of the companion.
Most of the objects discovered until 2004 show, indeed, masses of the
order of 1.4 M. Examples of this are
PSR  J0024-7204H, in the globular cluster 47 Tucanae (Freire et al.
2003, MNRAS, 340, 1359) and
PSR J0514-4002A, in NGC 1851 (Freire,
Gupta and Ransom 2007, ApJ, 662,
1177). In 2005, Ransom et al. (2005,
Science, 307, 892) discovered 21 new
MSPs in the globular cluster Terzan 5.

Fig. 14: Constraints on the masses of
PSR B1516+02B (M5 B) and its companion. The hatched region is excluded by
knowledge of the mass function and
by sin i =< 1. The diagonal dashed lines
correspond to a total system mass that
causes a general-relativistic periastron
advance equal or within 1-σ of the measured value. The six solid curves indicate
constant inclinations. We also display the
probability density function for the mass
of the pulsar (top) and the mass of the
companion (right), and mark the respective medians with vertical (horizontal)
lines. For comparison, the gray bars indicate the range of “normal” neutron star
masses, i.e., from 1.2 to 1.44 M. (Courtesy: P. Freire)
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Fig. 15: Constraints on the masses of PSR J17482021B. The regions of the plot are as described
in Figure14. (Courtesy: P. Freire)
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(as discussed in Paper I). Over the next
few years, we will be able to measure
more relativistic effects, determine the
masses of these objects more precisely,
derive better limits in the study of the
equation of state and evaluate the reality of the second peak in MSP mass.
A very exciting future lies ahead.

NGC 6440B

M5 B

This result has now been strengthened
by the results by 18 years of Arecibo
timing of PSR B1516+02B, located in
the globular cluster M5 (Fig. 14). This
7.95-ms pulsar was discovered by Alex
Wolszczan in 1989. It is in a binary
system with a ~0.17 M companion
and an orbital period of 6.85 days.
The eccentricity of the orbit (e = 0.14)
was the highest known at the time for
any MSP. In a paper recently submitted to the Astrophysical Journal (paper
I), Freire, Wolszczan, Hessels and van
den Berg use this “high” orbital eccentricity to measure the rate of advance
of periastron for this binary system,
deriving for it a total mass of
2.14 ± 0.16 M. Given the small apparent mass of the companion star (probably
a 0.17-M white dwarf star), this results
in a high expected mass for the pulsar:
1.94 ± 0.18 M. Again, for the pulsar
mass to be “normal”, this system would
also have to be detected at a low
inclination. Combining the probability
distribution function of M5B with those

of Terzan 5 I and J, we obtain a 99 and
95% probability that the mass of at least
one of these is larger than 1.72 and
1.79 M, respectively. This introduces
very significant constraints on the EOS.
A recent search for MSPs in globular clusters with the GBT has found 5
new MSPs in the globular cluster NGC
6440 and three new pulsars in the
globular cluster NGC 6441 (Freire
et al. 2007, ApJ, in press, see http://
arxiv.org/abs/0711.0925).
One of
the new pulsars, PSR J1748-2021B
(NGC 6440B), has a wide (orbital
period 20.5 days) and eccentric
(e = 0.57) orbit (Fig. 15). This allowed a measurement of its rate of
advance of periastron: 0.00391(18)
degrees per year. If due to the effects
of General Relativity, the total mass of
this binary system is 2.92 ± 0.20 M
(1 sigma), implying a median pulsar
mass of 2.74 ± 0.21 M. There is a
1% probability that the inclination is
low enough that pulsar mass is below
2 M, and 0.10% probability that it is
between 1.20 and 1.44 M. If confirmed, this anomalously large mass
would introduce, by far, the strongest
constraints ever on the equation of
state for dense matter, indicating that
super-dense matter is very highly incompressible.

Probability density

Based on measurement of the rate of advance of periastron of the binary systems
PSR J1748-2446I and PSR J1748-2446J,
they concluded that these systems are
likely to harbor massive pulsars: the medians of the probability mass functions
for the pulsars are 1.76 and 1.86 M.
It is possible that these systems are being seen at low inclination angles, but
that is unlikely for one system, let alone
two. We could derive for these two systems a probability of 99 and 95% that
at least one of these neutron stars is
more massive than 1.48 and 1.68 M,
respectively.
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Fig. 16: Probability distribution functions
(pdfs) for seven MSPs in globular clusters. The
mass pdfs of the MSPs in the least massive binaries (those lighter than 2 M) are represented by the dashed curves. (Courtesy: P. Freire)

Telescope Platform Painting
Project
Robert L. Brown (NAIC)

If this pulsar really has a mass of ~2.7
M, that would imply that the end
products of the coalescence of DNS
systems might themselves be stable
as super-massive neutron stars. Such
products might be observable after
coalescence, either through gravitational wave emission, cooling through
neutrino emission or even high-energy
blackbody emission.
In Figure 16 we plot the probability density functions for the masses of all MSPs in globular clusters
that have only a measurement of
the rate of advance of periastron.
Despite this limitation, they capture
well the peak in NS mass that is known
to occur at 1.2–1.4 M. This suggests that the second peak, at 1.8 to
2.0 M, might be a real feature as well.
NGC 6440B seems to be an extremely
massive outlier, we don’t know its relation to the systems in the 1.8–20 M
peak. The causes for the existence of
these two peaks are not entirely clear
13

T

he project to paint the structural
steel on the telescope platform was
brought to an orderly completion just
before Thanksgiving. The telescope
will be back in service for re-commissioning activities and limited science
observations beginning in December.
Visible corrosion on many key structural elements of the telescope platform
highlighted the need to clean and
paint the structural steel as a necessary
part of ensuring the continued safety of
the structure, and the safety of the personnel working on the platform. With
the aid of painting consultants, we determined that the primary cause of the
corrosion was mill scale. Mill scale is an
oxidized ‘crust’ that forms as a consequence of the pressure exerted in rolling hot, newly forged steel. Today, all
new steel is sand blasted as one of the
last steps in the fabrication process to
remove mill scale. Forty-five years ago
this was not done, and as a result the
NAIC/AO Newsletter

“old” steel on the Arecibo telescope,
and the steel on uncountable bridges
built at that time throughout the U.S.,
have mill scale corrosion problems. The
corrosion occurs as water gets under
the mill scale crust and oxidizes the underlying steel. The solution is to sand
blast the steel, removing the mill scale.
This is what was done on the Arecibo
telescope platform. All the old steel was
blast cleaned to bare metal, primed, and
painted. The task was complicated by
the fact that the primer used 45+ years
ago was lead-based. An important part
of the job was to capture the waste
abrasive and dispose of it properly so
that no lead escaped into the environment, neither into the air nor onto the
land. This meant that all the blasting
and painting had to be done in a fully
contained environment with the waste
material constantly being vacuumed up
and stored. This made the job complicated and the work went more slowly
than we had anticipated it would.
Nevertheless, the work is now complete with the exception of the center
two quadrants of the azimuth arm. We
elected to do the cleaning and painting
of these sections ourselves with Observatory staff on maintenance days over
the next several months. It was this decision that allowed us to get the telescope back on the air before the end
of calendar year 2007. Because these
two quadrants are composed mostly
of new steel, steel erected at the time
of the Gregorian upgrade, there is no
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mill scale, no serious corrosion, and no
need to blast clean the steel in these
two quadrants before painting it. This
makes the remaining work manageable.
The newly painted structural steel has a
20-year warrantee against further corrosion. We are very pleased to have
the confidence to inform our staff and
visitors that the telescope platform is
structurally safe now, and will be safe
for their work for many years to come.

The New HF Facility
Felipe Soberal and Mike Sulzer (NAIC)

T

he project to build the new HF facility is now underway! The NSF
proposal submitted by NAIC (Mike
Sulzer and Sixto González, principal investigators) was recently funded, complementing the two DURIP (Defense
University Research Instrumentation
Program) awards received earlier in
the year. The multiple funding sources
show the broad support for this project.
Professor James Breakall of The Pennsylvania State University
led the electrical design
study for the antenna.
Michael W. Jacobs (StarH) consulted on various
mechanical and electrical issues, and William J.
Glessner earned his Masters degree in EE at PSU
with a thesis topic based
on the antenna model14

ing. Felipe Soberal is managing the
project, a joint effort involving the PIs,
Joe Greene, and Lynn Baker from the
Ithaca group.
The purpose of the project is to restore
the capabilities of the Arecibo Observatory to conduct ionospheric modification studies in conjunction with the
430-MHz incoherent scatter radar system and other optical and radio diagnostics. The new system, together with
our 300-m dish, will provide HF functionality at two operating frequencies.
The facility will be composed of a transmitter building, six transmission lines,
three crossed dipole antennas, and a
mesh sub-reflector to be rigged about
half way between the primary reflector and the suspended feed platform.
Seven transmitter assemblies are going
to be installed inside of the transmitter
building; one will be used as a spare in
case of a failure. Six transmission lines,
two per crossed dipole antenna, will go
from the transmitter building to underneath the center of the dish in order to
feed the antennas protruding from the
primary reflector surface. The biggest
challenge in the project is to assemble
and rig the sub reflector, approximately 5,000 to 8,000 pounds total weight
covering an area larger than the platform structure, from the feed platform
corners and from the suspension towers. The details are still in the design
phase.
We chose the area where the Warehouse Paint Storage building is located
south of the Maintenance Complex for
the transmitter building. As seen in the
photo, a topographic survey was done
on the area to determine the ground
profile. We are determining the largest
building that would fit for our purpose
in the most cost effective way. This
project will broaden the frontiers of our
radio telescope.
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2007 REU Program
Paulo Freire (NAIC)

T

he Arecibo Observatory organized
its 2007 REU summer student program from the end of May to mid-September. This program exposes students to research activities, so that they
can make more informed decisions on
a possible research career after graduation. The selection process is highly
competitive, with 11 students getting
selected from different universities out
of more than 100 applicants. Ten students were supported by the NSF REU
grant and one recent graduate, Catherine Wu (New Mexico State U.), was
supported by NAIC. Most of the students attend US universities, but two
come from foreign universities: Megan
Ansdell attends college in Scotland
(Saint Andrews), Jamie Gardner attends college in Canada (McGill Univ.).
Several Observatory staff members
gave lectures to the students, introducing them to the fundamentals and applications of the various instruments
available on site. The talks included a
variety of topics covering areas related to astronomy, ionospheric science,
planetary radar, and electronics with
focus on the current research activities
using the facilities at the Observatory.
These talks were complemented by
Don Campbell’s talks on planetary radar and Titan. Towards the end of their
stay, they had the opportunity to visit
the 500-ft high platform that contains
several receivers. Unfortunately, more
extended technical visits were impossible because of the painting project.
This also made it impossible to have
hands-on observing projects this summer.

Some of the students have, or will present their work in meetings/conferences. One aeronomy student participated in the CEDAR (Coupling, Energetics
and Dynamics of Atmospheric Regions)
meeting in June 2007. Similarly, some
astronomy students will present posters at the meetings of the American Astronomical Society in January and June
2008.
To make sure that students got a
chance to experience life outside the
Observatory, a variety of activities were
arranged that gave them an opportunity to explore Puerto Rico and its culture. These included trips to San Juan,
Cabo Rojo, Guanica Dry Forest, Ponce,
Parguera, Aguadilla, Culebra island and
Vieques, including the latter’s world famous bioluminescent bay. There was a
trip to the El Yunque rain forest, where
they visited the Institute of Tropical
Ecosystem Studies. There they had a
chance to interact with the REU students working in that Institute, a program that is coordinated by Dr. Alonso
Ramirez. That visit was later reciprocated, a barbecue was organized to
welcome the El Yunque REU students
to the Arecibo Observatory.
On the whole, this summer was a very
pleasant and scientifically productive
experience. We (Paulo and Murray)
thank Gerry Giles, Lucy Lopez, Maria
Judith Rodriguez, Carmen Segarra,
and Carmen Torres for all their help. A
detailed description of each student’s
summer project can be found at:
http://www.naic.edu/~astro/REU

2007 Summer Students: back row,
from left to right:
Amanda Sheffield,
Catherine
Wu,
Rouwenna Lamm,
Camille
Smith,
Charles Cheung,
John Lee and John
Barrett. In the front
row, from left to
right, they are: Diana Husmann, Jamie Gardner and
Megan Ansdell.
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From the Director’s Office
Robert L. Brown (NAIC)

I

would like to take the opportunity to
use my column in this edition of the
Newsletter to express my sincere thanks
to those who have been working hard
to preserve and enhance the scientific
capabilities of the Arecibo Observatory
for future generations of students and
scholars.
First, I would like to thank the Arecibo
Observatory users who have taken the
time to write to their colleagues, NSF
officials and officials of other agencies
and government departments explaining in detail the exceptional research
capabilities at the Arecibo Observatory. Particularly important are the
many expressions of plans users have
for research programs at the Observatory that will continue for decades to
come. All of the government officials,
and our colleagues, are very busy people who welcome receiving the views
of the community as a way of educating themselves in the most efficient
manner possible. It is understandable
that they would not all read and absorb reports from NAIC. But by having
the essence of the reports condensed
into a personal letter from a student or
researcher, the importance cannot be
overlooked. Thank you.
Special thanks are owed to the U.S.
planetary community. Few of us, I suspect, were really aware of the exceptional role the Arecibo radar observations of Near-Earth Asteroids play in
helping discriminate Earth-threatening
objects from the background of cosmic Near-Earth Objects until the Planetary Division of the AAS, the Planetary
Society, the National Space Society, and
the B612 Foundation, among others,
highlighted this issue so eloquently for
us. It’s been a pleasure to learn. Thank
you.
Speaking of the capability to make
precise physical measurements of astrophysical phenomena, surely our increased understanding of the ‘routine’
precision that can be obtained from
timing observations of pulsars being
brought to our attention in the Arecibo
funding context by the pulsar commuNAIC/AO Newsletter

nity of researchers also deserves mention. The use of these “cosmic laboratory instruments” to probe the equation
of state of the most dense matter in the
universe, and to test critically the fundamental tenets of General Relativity, is
certainly a key advance in physics over
the past ten years or so. To this day,
and despite the allocation of extremely
large research resources elsewhere,
the only evidence for the existence of
gravitational waves comes from pulsar
timing. From the correspondence circulated by our pulsar colleagues, we
know that the faintest pulsars can only
be timed successfully at Arecibo, and
we now understand why this is crucial.
Thank you.
In astronomy, the twenty-first century
is starting as the century of the survey.
Plans for the next generation of survey
telescopes including Pan-STARRS and
LSST are well advanced at the same
time that the current generation of survey telescopes such as SDSS is pointing
us toward the handful of z > 6 quasars
that we’re using to rewrite cosmology.
The value of large-scale sky surveys for
identifying rare objects of special interest, and publicly accessible data sets
that enable everyone to be a survey
participant, is now widely understood.
It is in this context that expressions of
support for the Arecibo sky surveys are
so important, and so much appreciated. The innovative capability for commensal surveys at Arecibo, the conduct
of multiple surveys simultaneously,
doubles or triples the cost-effectiveness
of telescope time. We appreciate survey researchers, at all wavelengths, for
pointing this out to all of us. Thank
you.
I am particularly grateful to my colleagues at the Arecibo Observatory for
their professionalism, high spirits, and
dedication to the mission of the Observatory. The past year has been extremely challenging in many respects.
Thank you.
Finally, I would like to thank the Cornell University administration for their
unwavering support of NAIC. There
are many risks inherent in managing a
facility such as NAIC, risks that inevitably increase as funding for NAIC operations diminishes and the responsibilities
of the individual support staff members
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increases. Cornell’s willingness to accept these risks on behalf of a national
center, not a university facility, is essential to the success of NAIC. Thank you.
With our committed community of
supporters and friends, I am convinced
that we can look forward to 2008 with
optimism.

SALTO

legislation in the Congress urging action on the part of the NSF and NASA
to assure continued operation of the
Arecibo Observatory, in particular with
regards to studying the characteristics
of near-earth objects. H.R.3737 was referred to the House subcommittee on
Space and Aeronautics on October 15.
Coupled with this bill, a number of letters from House members have been
sent to Arden Bement, Director of the
NSF, in support of continued operations of Arecibo.

Jonathan Friedman (NAIC)

S

ALTO (Secure Arecibo’s Long-Term
Operations) has been operating
since January 2007 (see newsletter
issue 41, page 22) with the mission to
find new funding sources to make up
for the shortfall that came about from
the cuts from NSF astronomy. As it has
become clear to us that the NSF will
not support the Arecibo Observatory
at any higher level than has been suggested until now ($4M from AST and
$2.5M from ATM as of March 2010),
the mission of SALTO is more critical
than ever.
SALTO has been involved in a number
of initiatives, a few of which have come
to, or are coming to, fruition. Others
have found road blocks and dead ends,
while there are still more that are in
early stages. Efforts that are now active
include the following:
Following discussions this summer
between NAIC, Cornell administration, and the NSF, Cornell has agreed
to serve as the foundation for Arecibo
Observatory fundraising.
This will
allow
individuals to make monetary, tax-deductable contributions to
the Arecibo Observatory. There is a
website with information and methods
for making these contributions:
http://www.arecibo-observatory.org
Having established the fundraising
campaign, we have also received a
generous matching grant from the
O.P. and W.E. Edwards Foundation.
This challenge grant has the purpose
of jump-starting the fundraising campaign and will match all gifts between
November 2007 and June 30, 2008 up
to a total of $25,000.
Rep. Luis Fortuño (PR) has introduced
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On November 4, electrical power from
newly installed lines was activated for
the first time. This has been a critical
need, as the substation that serves
the Observatory has been unreliable
for some time, forcing frequent use of
emergency generators that are expensive to operate and provide insufficient
capacity to support active observing
programs (radar, lidar). Sixto González
and José Cordero worked diligently to
bring this project, which represents a
$0.5M investment from Puerto Rico, to
fruition.
There is enthusiastic interest from the
government of Puerto Rico in exploring other ways in which the island can
directly support the Observatory. At
this time, prospects look good for a
one-time injection of funds for site
infrastructure maintenance and improvement. There is also a strong possibility for support from the Puerto Rico
Department of Education that would
enhance the educational programs
carried out by the Visitor Center. The issue of operations support is frequently
discussed, but not yet resolved.
There are ongoing discussions with
the University of Puerto Rico on a
partnership that will provide science
and educational access to the Arecibo
Observatory. The government of Puerto Rico would fund a special program
to this end. Other local efforts involve
the Department of Education, Tourism, the Metropolitan University, and
the “Instituto Tecnologico del Norte”
(INTENOR).
Finally, in a series of meetings that
occurred in Puerto Rico on June
26–28, the NSF suggested the possibility of supporting a fundraising effort by
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Arecibo. A request for a supplement
to the cooperative agreement is in
preparation. These seed funds would
be used principally to create a development office that would take charge
of this effort. In preparation for these
meetings, a “Core Group” was formed.
Since that time, this group has taken
the role of negotiator, representing the
Observatory’s interests where needed.
The members of this group are MaríaJudith Rodríguez, José Alonso, Héctor
Camacho, and Bob Kerr.

2008 Gordon Lecture

W

e are happy to welcome Dr.
Lewis M. Duncan as the speaker
for The William E. and Elva F. Gordon
Distinguished Lectureship on January
8, 2008.

Lewis M. Duncan was
elected 14th president
of Rollins College in
March 2004 and began
his tenure on August 1
of the same year. He is
former dean and professor of the Thayer
School of Engineering at Dartmouth
College and was previously provost
and senior vice president for academic
affairs at the University of Tulsa.
President Duncan received his bachelor’s degree in physics and mathematics
and his master’s and doctorate in space
physics from Rice University in Houston.
As a National Science Foundation postdoctoral fellow, he conducted research
at the National Astronomy and Ionosphere Center in Puerto Rico. He subsequently joined the Los Alamos National
Laboratory as a research scientist, and

later became a section head in the Division of Earth and Space Sciences.
Following a year as a Carnegie Science
Fellow at Stanford University’s Center
for International Security and Arms
Control, he joined the faculty of Clemson University as associate dean of the
College of Sciences. He was founding
director of the South Carolina Space
Grant Consortium and remains a fellow of Clemson’s Thurmond Institute
of Government and Public Affairs. His
current research interests include experimental space plasma physics, radiophysics, and technology and public
policy.
We will be celebrating Bill Gordon’s 90th
birthday on January
8! Best wishes, Bill!

2008 Advisory
Committees:
NAIC Visiting Committee (VC)
• Next Meeting, March 4-6, 2008
		
Stefi Baum, RIT		
Gillian Knapp, Princeton
Bruce Campbell, Smithsonian
Richard Kron, U. Chicago
Phil Diamond, Jodrell Bank
James Moran, CfA
David Fritts, CORA/NWRA		
Robert Schunk, Utah State U.
Arecibo Users & Scientific
Advisory Committee (AUSAC)
• Next Meeting, March 17 & 18,
2008
Paul Bernhardt, NRL		
Farzad Kamalabadi, U. Illinois
Joel Bregman, U. Michigan		
Athol Kemball, U. Illinois
Jeremy Darling, U. Colorado Mary
Putman, U. Michigan
Shep Doeleman, Haystack Obs.
Scott Ransom, NRAO
Lyle Hoffman, Lafayette College
Liese van Zee, Indiana U.
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Notes to
Observers
1. We would like to remind
our readers that when you publish a paper using observations
made with the Arecibo Observatory, please provide us with a
reprint of your article. Reprints
should be sent to: Librarian,
Arecibo Observatory, HC3 Box
53995, Arecibo, PR 00612. Or, if
you do not order reprints, please
send publication information to
csegarra@naic.edu.
2. Additionally, any publication that makes use of Arecibo
data should include the following acknowledgement: “The
Arecibo Observatory is part of
the National Astronomy and
Ionosphere Center, which is
operated by Cornell University
under a cooperative agreement
with the National Science Foundation.”

Proposal Deadline
The next deadline for proposal submission will be 1 February 2008
(although proposals may be submitted at any time). Submission for a
given deadline implies that the observations are requested to be initially
scheduled during the four-month period which starts four months after
that deadline. Proposals have a validity of two four-month cycles. If a
proposal has not been scheduled after this second period, it will not be
considered further unless it is resubmitted. Large proposals submitted by
February 1 will be reviewed in August 2008 at the yearly skeptical review,
in addition to the regular scientific review.
A complete list of receivers available for this deadline can be seen at
http://www.naic.edu/~astro/RXstatus.
Use of the Arecibo Observatory is available on an equal competitive basis
to all scientists from throughout the world to pursue research in radio
astronomy, radar astronomy and atmospheric sciences. Observing time is
granted on the basis of the most promising research. Potential users of the
telescope should submit a proposal to the Observatory Director describing
their desired observations and the scientific justification for these. The
procedures for submitting proposals, the mechanics of evaluation and the
life-cycle of these proposals, are outlined at the website below.
Consortium members are reminded that follow-up time for objects discovered during surveys require a separate proposal. For full details and
policies regarding follow-up proposals, please refer to the website.
http://www.naic.edu/~astro/proposals.

COMINGS AND GOINGS
Dave Howe
Ellen Howell (NAIC)
In Fall 2007, Dave
Howe joined NAIC as
the Administrative Director. Dave has been
at Cornell University
for six years, and was
formerly the Director
of the CUFA Business
Service Center. This is
a finance and accounting group that
was started from scratch in Cornell’s
move to centralize services. It supported Cornell University Finance and
Administration, including Audit, Police,
Facilities Services, Business Services and
some other smaller organizations. His
immediate goals for NAIC include trying to “get up to speed and meet everybody”. He is also hoping to better understand the budget and help stabilize
the funding situation. Dave Howe had
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visited Arecibo when he took part in
the audit of NAIC in 2003. He has now
visited Puerto Rico several times and
says he loves it! He is looking forward
to spending more time on the island in
the future. He has appreciated all the
warm welcomes. Bienvenidos Dave!

Dave Kornreich
Robert Minchin (NAIC)
David Kornreich arrived in Arecibo in
September on a year’s sabbatical from
Humboldt State University in California,
where he is a tenured professor. A former Cornell graduate student, he
has kept up his connections and
will be making observations for ALFALFA while stationed at Arecibo.

ripped out by the intra-cluster medium
in a process known as ram-pressure
stripping. This work feeds back into
the E-ALFA surveys, which are finding
clouds of gas near the edge of clusters
(see Newsletters 38 and 41).
David is also working on simulations of
how the super-massive black holes in
the centers of galaxies move in systems
with asymmetric jets and what this
does to the kinematics and morphology of their host galaxies. He hopes
this will explain how asymmetries form
in galaxies that do not appear to be interacting with other galaxies.

However, David’s main work is theoretical. He is carrying out simulations of galaxies traveling through
clusters and how the gas in them is
18
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Nos vemos Emmanuel
Momjian
Chris Salter (NAIC)
Emmanuel Momjian
joined the Arecibo Radio Astronomy Department in October 2003
as a Postdoctoral Associate, coming straight
from obtaining his
Ph.D. at the University of Kentucky, with much of his doctoral research being performed while
a Pre-Doctoral Fellow with NRAO in
Socorro. From the day of his arrival,
Emmanuel made very significant contributions to radio astronomy operations
at the Observatory leading, two years
later, to his position being upgraded to
that of a full staff member.
Over his 4 years with us, Emmanuel
kept up a prodigious publication rate,
no easy matter when a majority of
one’s time is dedicated to Observatoryrelated duties. When he joined us in
2003, most of his observational experience was involved with radio interferometry. These skills have not been lost
while in Arecibo. Working together
with Tapasi Ghosh and myself, Emmanuel has been highly instrumental in
moving VLBI operations forward with
the 305-m telescope. He played a full
part in the eVLBI operations which in
Sept. 2004 brought both the first transatlantic eVLBI fringes and the then-longest eVLBI baseline (Arecibo-Torun).
He also was instrumental in the migration from tape-based to disc-based recording systems, and in making a great
success of Arecibo’s participation in the
HSA (High Sensitivity Array.) His skills
with web programming allowed him
to set up a system that prepared “check
sheets” for all recent VLBI runs, leading
to a very low level of problems in our
VLBI operations.
In addition to his interferometric abilities, Emmanuel quickly immersed himself in the “dark arts” of single-dish
astronomy. He is a member of all of
the subconsortia that make up the Extragalctic ALFA (E-ALFA) project, using
the 7-beam Arecibo L-band Feed Array
(ALFA) to search for galaxies through
detection of their HI emission. In fact,
one of his service roles at Arecibo has
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been as the E-ALFA representative and
contact person on our staff. In addition,
he is an active member of the Galactic
ALFA Continuum Transit Survey (GALFACTS) subconsortium, and a member
of their “technical team”. He has also
made a number of searches for HI and
molecular-line emission and absorption
from various samples of galaxies, and
even participated in determining the
distances of Galactic methanol masers.
As if this was not enough, he has kept
his hand in interferometrically via VLA
and VLBI imaging of very high-redshift
radio sources.
Among his many service roles at the
Observatory have been maintaining
most of astronomy related web pages
(i.e. “astronomy web master”), having
overhauled most of these following his
arrival in 2003/4. This was not just a
passive role, as those of us who have
received frequent reminders that the
web page for the receiver we “friend”
is in need of updating. (He was himself “friend of C-high receiver”, and I
am sure sent himself just such reminders when needed!) Not only did Emmanuel prepare and organize the web
pages for the many astronomical meetings and workshops held at, or related
to, Arecibo, but he served on the organizing committees of quite a number.
Also, many of us continue to be eternally grateful for his “Computing FAQ’s
web page”, which he began compiling
soon after his arrival.
Emmanuel and his wife, Maria, hail from
Syria, though they are both of Armenian origins. This has resulted in them
educating us in the delights of Middle
Eastern cuisine, and (in Emmanuel’s
case) the joys and social togetherness
of smoking an (apple-flavored) hookah. Our knowledge of Middle Eastern
history and culture has been greatly
enhanced over “tea time” discussions.
Maria’s delightful cooking will long be
missed in this corner of the Caribbean.
Now they are returning to their former
home of Socorro, New Mexico, where
Emmanuel takes up a staff position with
NRAO. We hope that the Spanish that
they have learned here will stand them
in good stead there, even if Puerto Rican and Mexican dialects differ quite
considerably! I now echo what I said
in this column when they arrived here
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four years ago, “Emmanuel and Maria,
all the best from us all for the future.”,
and add all our thanks for four wonderful years of friendship and brotherhood.

Amy Lovell
Ellen Howell (NAIC)
Amy Lovell, associate
professor at Agnes
Scott College in Decatur, Georgia, spent a
sabbatical year at Arecibo Observatory with
her family from July
2006–July 2007. Amy
and I have enjoyed a very fruitful collaboration for the last seven years making
spectroscopic OH observations of comets at 1667 MHz. In addition to working
on previous data and improving our
models, we also observed Comet SWAN
in October 2006, after an unexpected
brightening by 5 magnitudes. Having
spent a lot of time in Mexico, Amy and
family fit easily into the Puerto Rican
community and school system, having
more fluent Spanish than many of us
who have been here for a decade or
more. They introduced us to construction of gingerbread houses, kayaking
on the bioluminescent bay in Fajardo,
and much more. We introduced them
to Paso Fino horses, methods of coping
with insects, and determining when
your bananas should be harvested. David Smith, Amy’s husband, is a telescope
engineering consultant, and shared his
insights on the telescope structure on
several occasions. He also enlivened
our lunchtime conversations numerous
times with stories of his experiences in
Mexico and Central America. While in
Puerto Rico, they toured the nearby islands of St. John and Virgin Gorda, and
highly recommend going by seaplane.
Our families enjoyed many activites together and we sadly bid them farewell
in July 2007. However, we look forward
to seeing them again on future observing trips and perhaps pleasure trips as
well, back down on the island.

Julia Deneva
Ellen Howell (NAIC)
We welcome Julia Deneva, a pre-doctoral student who arrived at Arecibo
in November. Her first visit to AreciNAIC/AO Newsletter

bo was as a summer student in 2002,
when she worked with Paulo Freire on
developing software for determining
orbital parameters of binary pulsars.
She fell in love with the place, and that
led her to go to grad school at Cornell
and ultimately to apply for the pre-doctoral fellowship. She is working with
Jim Cordes on pulsar searching and has
been involved with the PALFA survey
since its start in 2004. While here she
will participate in the testing of the new
PALFA spectrometers and in recommissioning efforts. When the telescope is
ready for regular observing again, she
will be doing follow-up work on new
pulsars discovered by PALFA as well
as promising pulsar candidates. Apart
from that, she has also been using
the Green Bank Telescope to look for
pulsars near the Galactic Center since
2004, and working with Paulo Freire
on processing data from an Arecibo
327-MHz drift search for pulsars at high
galactic latitudes. She hopes to finish
her dissertation in 2009 and to return
to Arecibo as a postdoc. About life in
Puerto Rico, Julia says “nothing beats
going to the beach in winter.”

From the Editor’s Corner
Ellen Howell (NAIC)

This edition of the newsletter is the first in ten years that has not been
expertly edited by Jonathan Friedman. I have a high standard to live
up to, and a lot to learn.
Maybe it is time for some other changes as well, so I’m asking you, the
reader, to voice your opinions. When you pick up the newsletter do
you look for the latest science reports? For updates from the various
department heads of the latest research and instrumentation news?
Or do you turn directly to Comings and Goings to see who is where?
Now that publishers are turning more and more to directly posting
material on the web, perhaps we should consider that as well. However, I still appreciate the ease of reading a page held in my hands,
rather than from a computer screen.
Now more than ever, NAIC needs to improve communication with
the scientific community, general public, and policy makers. The newsletter is one means of doing that, and I’d like to make sure that we are
making the most of it.
Let me hear from you: ehowell@naic.edu

EMPLOYMENT OPPORTUNITIES
Research Associate/Senior Research Associate in Radio Astronomy
NAIC is seeking an exceptionally well-qualified applicant for a position as a Research Associate or Senior Research Associate
in radio astronomy at the Arecibo Observatory in Arecibo, Puerto Rico. The position requires an individual who is an experienced researcher in using HI observations to study the astrophysics of galaxies.

Postdoctoral Associate in Radio Astronomy
NAIC is seeking an exceptionally well-qualified applicant for a position as a Postdoctoral Associate in radio astronomy at
the Arecibo Observatory in Arecibo, Puerto Rico. Applicants whose research interests include any field of radio astronomy
that can be effectively pursued with the Arecibo telescope will be considered. We particularly encourage applications from
individuals with observational interests in the following research areas: pulsars, the interstellar medium as probed by HI, OH
and/or molecular lines in the Milky Way and other galaxies, properties of galaxies, cosmology, and high sensitivity VLBI.
The deadline for receipt of applications and all supporting materials for either position is February 26, 2008.
For further information and a full description of each position, see http://www.naic.edu/~astro.jobs

Happy New Year to All!
The NAIC/AO Newsletter is published two times a year by the NAIC. The NAIC is operated by Cornell University under a cooperative agreement with the
National Science Foundation. Ellen Howell (ehowell@naic.edu), Editor; Tony Acevedo, Graphics; Jill Tarbell (jtm14@cornell.edu), Layout and Distribution
Editor.
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