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NAIC Celebrates 40th Anniversary
hat we celebrate today is the
scale of achievements that are
possible when creative people, nurturing
institutions, governments and supportive
citizens work together in common purpose.” These words of the NAIC Director, Robert Brown captured the sentiment
of the 40th anniversary celebration of the
Arecibo Obsevatory.

“W

On Saturday, November 1, 2003 a 4day event kicked off with the attendance
of many people closely associated with
the founding, building, and shaping of
what is still the world’s largest and most
sensitive radio telescope. In addition,
invitees from local and state government
and from the Cornell Club of Puerto Rico
joined the observatory scientiﬁc staff for
the festivities. The visitors toured the
site, inspecting the edge of the dish

and witnessing a pulsar observation
in the control room, accompanied by
entertaining descriptions by their tour
guides. Following the tours, and during
a heavy rainstorm, the attendees gathered
in the Ángel Ramos Visitor Center for
the anniversary ceremony. Later, with
the telescope shrouded in mist, they
assembled on the viewing platform for
a cocktail party.
The culmination of the ceremony was
the keynote address by Arecibo Observatory founder Dr. William E. Gordon,
entitled “The Arecibo Story.”
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Bill Gordon and a host of friends and former and present Arecibo staff met at the observatory to celebrate the
40th anniversary of its inauguration. Gordon commented that the planned lifetime for the Arecibo Observatory
was only 10 years, and expressed his hope that it would continue for at least another forty.
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The observatory held a staff party
on Sunday, followed on Monday and
Tuesday by a workshop highlighting historical achievements of the observatory
and charting its future directions. The
workshop included the second annual
Gordon Lecture, given by Tor Hagfors,
entitled “Arecibo and the Spawning of
New Science and New Observatories.”
The summaries of the workshop presentations that follow form the major part of
this issue of the NAIC Newsletter.
The Arecibo Story – Bill Gordon
ordon’s imposing ﬁgure approached
the podium as the 135 invitees in the
audience expressed their appreciation. He
began by remarking, “I do not know how
we ever built it.” Indeed, forty years later
it still is an engineering marvel, recognized ofﬁcially as such by the American
Society of Mechanical Engineers and

G

the Institute for Electrical and Electronics Engineers.
Gordon showed photos from the time
of construction, which took an amazingly
short time from conception to inauguration. He mentioned that it had been Ward
Low at ARPA who thought that a parabolic design as initially suggested, was
a serious limitation, and who suggested
to Gordon that he should get in touch
with the Air Force Cambridge Research
Laboratory, where spherical reﬂectors
and line feeds were being designed.
The instrument was designed to
have a ten-year lifetime. Forty years
later Gordon expressed the thought that
Arecibo will be around for another forty
years. “One of the most exciting few
days of the construction was the lift of
the triangle” (a reminder to many of us of
the lifts of the Gregorian dome and, more

recently, ALFA). “A big cheer went up
when it was completed,” Gordon said.
Gordon admitted that at the dedication in November of 1963, with congressmen, generals and the governor of Puerto
Rico, the honorable Luis Muñoz Marín,
present, he had a person ready at the platform to manually activate the switches in
case the control room hardware failed.
Gordon did not need him.
Some Early Arecibo Discoveries and
Where They Stand Now – Herb Carlson (AFOSR)
erb Carlson discussed three major
ionospheric discoveries made at the
Arecibo Observatory, and for each spoke
of where they stand today.

H

The first example was from 1965
and involved the pre-dawn electron
temperature enhancement observed in the

Past and present NAIC and Observatory site directors line up for a snapshot. From left to right are: Bill Gordon, Don Campbell, Frank Drake, Paul Goldsmith, Mike
Davis, Daniel Altschuler, Riccardo Giovanelli, Bob Brown, Sixto González, Tor Hagfors, and Gordon Pettengill. Not pictured is Hal Craft. John Findlay passed away
in 1994.
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The 2003 Gordon Lecture — Tor Hagfors
Jon Hagen
The Gordon Lecture, “Arecibo and the Spawning of New
Science and New Observatories” was given by Tor Hagfors,
eminent radio scientist, ex-Arecibo Site Director, ex-NAIC
Director, and currently director of the Max Planck Institut für
Aeronomie. Tor recounted working ﬁrst for Oscar Buneman
at Stanford in 1959-60, developing the theoretical shape of
the received spectrum when a radio wave is incoherently scattered from a plasma, and how this theory was simultaneously
worked out by Jules Fejer and others. He returned to his native
Norway with ideas of building an incoherent scatter radar to
probe the ionosphere. The U.S. almost immediately built such
a facility, in Jicamarca, Peru, and Tor became its ﬁrst director.
Arecibo, an even more powerful instrument, was built almost
simultaneously by Cornell, and in 1972, Tor was invited by
Thomas Gold to become site director. He said “yes – but for
only two years”, awaiting the construction of the European
I.S. radar, EISCAT. Radio Astronomy was, from the start, an
important ‘by-product’ at Arecibo. Radar Astronomy emerged
as a new science, as did ‘ionospheric heating’ where a powerful shortwave beam produced plasma instabilities that could
be observed and analyzed by the incoherent scatter radar.
A similar heating facility was later built at EISCAT. Many
technical features of the Arecibo radar found their way into
the EISCAT design. Other powerful I.S. radars were built in
Kyoto, Kharkov, Irkutsk, and Svalbard. A next-generation
phased array I.S. radar, the AMISR, is in the developmental
stage.
F-region ionosphere. This temperature
enhancement is observed in the winter
hemisphere before the sun is actually
illuminating the region in question. The
solution to this problem involved electrons traveling up the earth’s magnetic
ﬁeld lines from the conjugate position
in the southern hemisphere. These
electrons are excited by the earlier sunrise in the summer hemisphere, which
heats the electrons. These hot electrons
arrive in the ionosphere over Arecibo
well before dawn and heat the electron
gas. An equivalent phenomenon is seen
post-sunset, as the ionosphere remains
hot after falling into the earth’s shadow,
as long as the conjugate position in the
south is sunlit.
This discovery led to the prediction,
soon conﬁrmed by observation, that the
hot electrons from the conjugate position should cause enhanced emission of
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the O(1D) airglow line at 6300 Å. Herb
showed a result from 1966 comparing
the 6300 and 5577 Å lines from oxygen
with emissions for Na at 5893 Å and N2
at 5300 Å. The other lines are all from
the lower thermosphere, where collisions prevent a similar phenomenon
from occurring, while the 6300 Å emission clearly demonstrates the expected
transience. As further conﬁrmation of
the theory, the seasonal behavior of the
F-region electron temperature and 6300
Å emission was that expected if caused
by conjugate electrons.
More recently, measurements by
Lancaster et al. (1996) of the oxygen
emission at 8446 Å were made. This
should be a more direct measurement of
oxygen abundances. Though the results
ﬁt closely to the theory at sunset, there
was a time difference at sunrise, where
the 8446 Å brightness led the expected

enhancement by several minutes. This
problem is yet unresolved. An additional unsolved problem is that of the
electron gas thermal balance, in which
the observed cooling rate is two times
slower than physical models predict.
Herb’s second example was the 1964
discovery that ion composition could be
determined from the Doppler broadening
of the ion line. One memorable point was
that “even in 1964 we knew there was
much more helium than predicted, a fact
only recently universally accepted.”
Now the Arecibo Observatory can
make precise tests of incoherent scatter
theory and show, for example, how THe
and TO are different. As for the He abundance, work at Arecibo has conﬁrmed
that the predictions of Sir James Jeans
were wrong, the reasons are understood,

global distribution of atomic oxygen in
the ionosphere.

which is obscured from optical view by
the cloud cover of this planet.

Early Arecibo Discoveries in Planetary Science – Gordon Pettengill
(MIT)
ordon Pettengill, who was site
director betweem 1968 and 1970,
talked about the early development of
the Observatory from a tobacco farm in
1960 to the discoveries in the late 1960s
in planetary radar. It was Gordon who
chose digital over analog equipment for
pointing the telescope, giving 1 arcmin
accuracy (now a few arcsecs).

From Danby to Arecibo – Marshall
Cohen (Cal Tech)
s we all know, it all began in 1963.
However, there is also the story of
the days before that. Of the days when
at Danby, near Ithaca, there was a radio
antenna and a laboratory. Much solar and
ionospheric research was being carried
out there, and also the building of receivers for Arecibo. Marshall Cohen (now
Professor Emeritus at Caltech) recounted
the story of how the early days of Radio
Astronomy at Arecibo began there. And
who better to tell the story than Marshall
who, while a Masters’ student of the Cornell Electrical Engineering Department,
did his thesis work at Danby.

G

The original HF antenna, ca. 1970.

and this knowledge can be applied to the
study of planetary atmospheres.
Herb’s last example was ionospheric
heating, which ﬁrst took place in 197071. The initial HF antenna was designed
and built by Merle LaLonde, and it hung
above the dish, much like the next generation design (see section below on
Sulzer/Breakall presentation). Initial
work included: the generation of an
artiﬁcial lens in the ionosphere, driving
plasma instability, and localized temperature enhancements of 1000s of K.

Arecibo improved the accuracy of the
Astronomical Unit from a few thousand
km to about 1 km, measured the rotation of Venus, discovered that the rotation and revolution of Mercury were not
synchronous, but that the rotation was
tidally locked in 3:2 ratio to the orbital
revolution. The telescope was also used
to measure the retardation of the radar
signal as it skimmed the sun on its way to
a planet beyond, thus providing an early
conﬁrmation of General Relativity.
Gordon told how one of the ﬁrst maps
of Venus was made by Don Campbell
using a second dish to get interferometric
fringes which resolved the north/south
ambiguity of the radar echoes. Radarbright features were seen on the surface,
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The ﬁrst Danby-built receiver to be
placed on the new Arecibo telescope used
the 318-MHz line feed, which remained
operational for three decades. For the
many of us who have often wondered
why the frequency of this system was
not set to the deuterium line at 327MHz, which also lies at the center of
a protected Radio Astronomy band,
Marshall now gave us the explanation.
Due to a miscalibration of the oscillator,
the receiver which was thought to be at
327-MHz turned out to be at 318-MHz
upon arrival at Arecibo!
The next, and more famous, line feed
was at 430-MHz and installed at Arecibo
in about 1966. (It featured on the cover
of Science in 1968.) However, this feed
proved to have a much lower gain than
had been expected. A detailed study by
Ron Bracewell showed that the feed did
not illuminate the dish properly. The slots
were too far from the feed axis, exciting
extra modes inside the square waveguide,
and losing a lot of energy within the feed
itself. This antenna was soon replaced by
the current 430-MHz line feed which, at
about 20 K/Jy, still possesses the highest
gain of any Arecibo feed. The original
430-MHz line feed is now on display in
front of the Learning Center.

Today, there is the question of what
“turns on” the nonlinear response to the
HF wave, a consuming question that
has seen over $100 million spent on its
study over 30 years. Another question
of modern interest is how the plasma
interacts with the AC electric ﬁeld. This
has important implications for nuclear
fusion, as in the fusion environment we
cannot study this interaction, but we can
in the ionosphere.
Finally, Herb discussed some of the
history that led the NSF to build and
support the chain of ionospheric radars,
in particular, the coupling of the high
to low latitude ionosphere via gravity
waves. In the future, Arecibo will make
important contributions to measuring the

A

The tobacco farm that became the Arecibo Observatory.
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very generous
comment was,
“Yes, it was lack
of imagination.”

The Danby lab.

In the original construction proposal
to ARPA, a list of possible experiments
was included. As Marshall observed,
“These make interesting reading now.
It contained no InterPlanetary Scintillation (IPS), and no Pulsars”!
Nevertheless, a lot of IPS work was
done at Arecibo in the early days as, for
many sources, the signal fluctuations
caused by the solar wind were easily
detected despite the lower gain of the
430-MHz feed. This work was then
extended to utilize the 3-frequency concentric feed at 195, 430 and 611 MHz.
Marshall then addressed another
question that many of us have often
wondered about, “Why did Arecibo not
discover the ﬁrst pulsar, despite being in
the IPS game”? Unlike Cambridge, the
observations here were targeted, and also
made with a much longer time constant.
Despite observing the source showing
IPS in the Crab Nebula, no (33 ms) periodicity was then detected. Marshall’s

In the mid1960s, Cyril
Hazard came to
Arecibo, bringing
lunar occultation observations
with him. Mukul
Kundu followed
and started a
lunar occultation
survey, predicting
the occultation events for weak radio
sources along the lunar trajectory across
the sky.
Justifying why a scientist’s valuable time should be spent on computer
programming, Marshall wrote in one
of the annual reports, “Predicting lunar
occultations of radio sources is a tedious
process; for this a computer program was
written.”
Lunar occultation observations
helped to determine the declinations of
compact sources accurately, facilitating
optical identiﬁcation and thereby redshift
determinations for them. Cosmology was
one of the major goals of such work even
in those early days. Later VLBI turned
out to be more productive and replaced
lunar occultation work at almost all
observatories.
Marshall ended his enchanting talk
with a slide show providing a remarkable
invocation of the 1960s at Arecibo.
Pulsar Achievements at AO
– Joanna Rankin (U. of
Vermont)
oanna Rankin reviewed
the “Pulsar Achievements
at AO.” She underlined the
major role pulsars have had
in AO science, as well as the
major role of the AO pulsar
work in pulsar research in
the world. All the individuals involved in this ﬁeld of

J

The original 318 MHz line feed.
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research from AO were acknowledged.
“The telescope’s high sensitivity allowed
the largest fraction of principle phenomena to be discovered from Arecibo,” she
pointed out while presenting a long
list of the discoveries, that included:
pulsar spin-down, drifting subpulse,
SNR connection, pulsar microstructure,
timing glitches, mode changing/nulling,
dispersion/RM changes in Crab, refractive scintillation, ﬁrst binary pulsar, beam
morphology, GR in binary pulsars, the
millisecond pulsar, interstellar interferometry, planets around pulsars, polarization modes and subbeam mapping.
On a personal note, Joanna recalled
that she ﬁrst heard about pulsars from
Frank Drake, and admitted that she got
addicted to these fascinating objects.
Referring to the plot of Earth’s Doppler
shift from the ﬁrst Nature paper reporting
AO pulsar observations, Joanna added
that Tommy Gold got the positions for
the Cambridge pulsar discoveries a little
before their Nature publication. The
discovery of the Crab pulsar, she felt,
put the Arecibo observatory well into
the pulsar game.
The several significant AO pulsar
landmarks that Joanna elaborated on
included, the early doctoral works
of Dave Richard, Hal Craft and Don
Backer in the areas of pulsar timing and
single-pulse studies; measurements of
the enhancements in scattering and dispersion effects during occultation of the
Crab pulsar by the Sun; microstructure
studies using coherent dedispersion;
pulsar polarimetry; discoveries of the
Hulse-Taylor binary pulsar, the first
millisecond pulsar, a binary millisecond
pulsar and planets around pulsars. She
summed up this impressive list by saying
that AO had since helped demonstrate the
signiﬁcance of this pulsar discovery.
She made a special mention of the
Hulse-Taylor binary pulsar discovery, the early indications of orbital
decay (reported by Taylor, Fowler and
McCulloch), the subsequent extensive
work by Taylor and Weisberg conﬁrming and accurately quantifying the GR
effect, and the Nobel Prize to Hulse and
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Ionospheric Techniques and Discoveries – Richard Behnke (NSF)
uring his talk at the 40th anniversary workshop, Richard Behnke
took us back to the 1970s and early
80s as he described the atmospheric
science achievements and discoveries
from those years. During that decade,
experimenters with new ideas took
advantage of the upgraded primary
surface and new line feed to produce
a new array of results in the lower
(D & E-region), middle (F region)
and topside of the ionosphere. One
of the most signiﬁcant experiments
developed at that time was the beamswinging technique to measure F
region 3 dimensional ion velocities
(thus taking advantage of the spherical dish and linefeed mentioned by
Gordon). With that technique, it
became possible to study electric
ﬁelds (from velocities perpendicuJoseph Taylor (Princeton) with the Nobel Prize. (photo
by Tony Acevedo)
lar to the local magnetic ﬁeld), the
inﬂuence of neutral winds (from the
Taylor for the discovery. Of the three
ion motion along the ﬁeld line) and the
Nobel prizes in astronomy by 1993, she
propagation of traveling ionospheric
said, two were for pulsars, one of these
disturbances.
coming explicitly from work carried out
at the Arecibo Observatory.
Great progress was also achieved
in the E-region with the introduction
of coded and multiple pulse schemes.
Coded pulses, like Barker codes, make
it possible to have good height resolution with good signal-to-noise, which is

D

crucial to study what goes on in the thin
sporadic E layers and descending layers.
The multiple pulse technique improved
greatly the correlation measurements in
the E-region, where the correlation times
are long and the scale heights are short,
so good height resolution is needed while
making an efﬁcient use of the transmitter power.
More breakthroughs in ionospheric
experiments took place with the use of
the special purpose correlator designed
by Jon Hagen. With this machine it was
possible to perform computations faster,
which in turn led to improvements in the
precision of the measurements. The use
of the correlator also made possible new
measurements, like the electron portion
of the incoherent scatter spectrum, the
so-called electron line, which in recent
times has become an interesting topic
of investigation, as the predictions of
the traditional incoherent scatter theory
do not match the Arecibo observations.
Other measurements that were performed
with the correlator included topside
measurements of light ions and counter
streaming ion velocities.
The 1970s also brought the ﬁrst heating facility to Arecibo. This is particularly interesting because the ﬁrst heating
facility used an arrangement of a log periodic antennae hanging at some distance
below the platform, a concept similar
to what has been proposed for the third
Arecibo HF facility, hopefully coming in
the near future. The heating experiments
in the 1970s looked at the thermal balance, the enhanced plasma lines and the
generation of plasma instabilities.
Using the words of Behnke, the 1970s
were “a time of unequalled progress at
the Arecibo Observatory.”
Progress in Planetary Radar at Arecibo – Don Campbell (Cornell)
on Campbell, a past site director,
continued where Gordon Pettengill
left off, by describing the 1973 upgrade,
which replaced the surface of the dish
and introduced the 2.4 GHz radar with
420 kW power for planetary work. The

D

The Hagen Correlator and a sample of ACF spectra,
ca. 1972.
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velocity (line width). In 1976, Tully and
Fisher showed that the inclination-corrected HI line width is closely correlated
with a galaxy’s luminosity, leading to zindependent distances.
Arecibo has proved to be a unique
redshift machine. In the 1980’s, HI spectra gave the most accurate estimates of
galaxy redshifts, an example being the
cataloging of ~11,000 z’s for galaxies in the Pisces-Perseus Supercluster
(PPS). These observations revealed
ﬁlamentary-like networks, as predicted
by recent cosmological simulations of
the gravitational growth of structure in
the Universe.

Venus at 2-km resolution, ca. 1988. The image is 5500 km in longitude by 3500 in latitude. The longitude is
an average as the image is in a mercator projection.

second upgrade, in the 90’s, doubled the
power and again improved the surface.
He showed a rising sensitivity over the
years of 32 dB, or about 1 dB/year. The
improvements came from the Love feed,
the upgrades and the recent surface
tune-up. Don gave credit for this to the
many scientists, students, engineers, and
Observatory employees who supported
this program.
The scientific achievments of this
period were, for Mars: warning the
Viking lander team of surface roughness; for Venus: mapping the surface
through the clouds before the Magellan spacecraft, with 10 times Arecibo’s
resolution, arrived, dating the surface by
crater counts, and investigating surface
polarization by receiving the echo at the
GBT; for the Galilean satellites of Jupiter: ﬁnding icy surfaces by the strange
polarization effects of the echoes; for
Mercury and the Moon: ﬁnding ice in
permanently shadowed craters on Mercury and not on the Moon.
Comets, asteroids, and the particles
of Saturn’s rings have been detected and
their sizes and dynamics illuminated.
Saturn’s Titan recently showed indications of surface lakes, and Saturn’s
Iapetus with its optically bright/dark
hemispheres showed uniform radar
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echoes, which imply that the optical
effect is a surface deposit and not structural.
Arecibo and Extragalactic HI
– Martha Haynes (Cornell)
artha began by presenting an “HI
time-line” from van der Hulst and
Oort’s ﬁrst prediction of the detectability
of the 21-cm line, through to the present-day usage of multi-feed systems to
make large scale surveys. She noted
that 21-cm HI line measurements of a
galaxy provide, a) redshift (z), b) HI mass
(integrated line ﬂux) and, c) rotational

M

Turning to evolution in clusters of
galaxies, Martha noted that these contain 100’s – 1000’s of galaxies per Mpc3,
plus hot (~108 K) gas. The ﬁrst Arecibo
observation of HI in Virgo Cluster galaxies was made by Salpeter & Krumm
in 1975. Such studies of cluster galaxies showed an HI deﬁciency for these
objects relative to similar galaxy types
in the general ﬁeld, plus an associated
truncation of the HI disk. These effects
are ascribed to ram-pressure stripping by
the hot intra-cluster medium and galaxy
collisions. Recently, for the ﬁrst time, a
comparison of HI and Hα data allowed
identification of galaxies falling into
clusters.
With respect to dark halos/dark galaxies, Martha noted that already in 1973,
Roberts and Rots had deduced from the

Today’s cosmological simulations predict the gravitational growth of structure in ﬁlamentary-like networks, as
evident in the maps of PPS made at Arecibo in the 1980’s…. when “ﬁlament” was not a popular word.
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shape of galaxy HI rotation curves that
signiﬁcant amounts of matter lay at large
radial distances in galaxies, and that HI
diameters are larger, often much larger,
than optical diameters. A wonderful
example of a galaxy in which the HI
is very much more extended than the
optical emission is given by the Arecibo
observations of DDO 154 by Hoffman
et al. (1993).
She returned to the Tully-Fisher
(TF) relation, and noted that one can
directly compare TF-derived z-independent distances with those predicted
from redshifts, obtaining “peculiar
velocities.” She demonstrated the high
quality of modern derivations of the Iband TF relation showing the work of
Giovanelli et al. (1997) for 782 galaxies
lying in 24 clusters. Using a TF relation
derived independently of the magnitude
of H0, (e.g. with distances calibrated via
Cepheid variables), Giovanelli et al.
(1997) obtained H0 = 69 ± 6 km s−1 averaged over a radius of cz = 9500 km s−1.
This is in ﬁne agreement with the values
of H0 obtained by the HST key-project
team, and via WMAP. From the work of
Haynes et al. (2000), Martha presented
the all-sky distribution of peculiar velocities in the CMB reference frame out to
6500 km s−1, from which she concluded
that light traces mass in the nearby Universe.
Regarding the evolution of mass-toluminosity ratio, if galaxies were brighter
in the past, then we should see an offset
between the TF relations for high and low
z. She noted that the Sloan Digital Sky

Arecibo Observatory astronomy staff, ca. 1980.
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Survey (SDSS) will provide line widths
for one million galaxies, with a median
redshift, z = 0.11. Of these, some 300,000
should be normal spirals.

3275

Rest Frequency (MHz)

3270

3265

3260

4

2

In short, Martha concluded that
cosmological studies with Arecibo have
taught us much about the evolution of
the Universe. Its observations continue
to press deeper, and the future holds great
promise.
Megamaser Research – Willem Baan
(ASTRON & Westerbork)
illem reviewed Megamaser
research from its beginnings to the
present day. There were a few H2O emission detections in galaxies in the 1970’s.
Arecibo searches for HI absorption lines
against galaxy radio emission, made at a
similar date, were followed up by Arecibo searches for OH counterparts in the
early 80’s. These resulted in the detection of the ﬁrst OH Megamaser (OHM),
discovered in the peculiar galaxy Arp 220
(IC 4553) in 1982 by Baan et al. Searches
for OHMs have since been pursued at a
number of observatories, and especially
at Arecibo. Subsequently, Baan et al.
made the ﬁrst detections of extragalactic
H2CO emission in 1986 and 1992, while
extragalactic CH emission was detected
by Whiteoak et al. (1980).

W

In Arp 220, the main-line OH emission was relatively much stronger than
expected in the 1667-MHz line, and
rather broad (FWHM ~ 100 km s −1 ).
This led to a search among other UltraLuminous Infra-Red Galaxies (ULIRGs),
with the associated detections being followed up
via high-resolution radio
and optical studies, as
well as through other OH
transitions and different
molecules. In particular,
these studies showed that
the masers are located in
the central regions of the
associated galaxies.
Two types of OHM
emission structure were
identiﬁed. Firstly, extended
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CH detection with the mini-Gregorian.

emission, resolved out at the highest resolutions, and explained by Baan (1979)
and Henkel & Wilson (1980) as due to
‘low-gain’ ampliﬁcation. This explanation also worked for H2O, CH, and H2CO
maser emission. Secondly, compact
components representing higher-gain
ampliﬁcation, and probably requiring
a different type of maser pumping. The
OHM luminosity was found to correlate
well with the FIR luminosity, with a quadratic relationship applying, but with a
paucity of weak emitters.
Evidence is found in sources such as
Mrk 273 for outﬂow in OHMs, with the
line wing in this source giving an outﬂow
velocity of ~660 km s−1. OHMs were soon
found with redshifts up to z ~ 0.265 (an
observing frequency ~1318 MHz). The
fraction of active sources increases with
L(FIR). It was also considered whether
the huge line widths are due to emission
from a rotating disk/torus, interactions
within the central region, or outﬂows?
However, it soon became clear that the
majority of ULIRGs/OHMs are starburst-dominated systems (rather than
AGN-dominated.)
The ~100-pc sized OHM emission
in Mrk 231 straddles the nuclear region
and has a moderate gain (2 – 10), while
a model consisting of a torus about a
black hole yields a mass for the latter
of 7.2 × 107 M§ in this galaxy. A similar
situation in Mrk 273 yields a black-hole
mass of 3.5 × 108 M§.
A number of possible pre-upgrade
H2CO absorption and maser emission
detections with the Arecibo mini-Gregorian have recently been confirmed
with the full Gregorian system. Such
emission is found in Arp 220 coinciding with the twin nuclei of that galaxy.
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Arecibo Research and Education – Michael C. Kelley
(Cornell)
ichael Kelly dedicated his
discussion to a description
of highlights of the successes at
the Observatory in research and
education. He touched on the
topics of:

dents, in particular of Hispanic origin,
including Arecibo Site Director Sixto
González and staff member Néstor
Aponte, as well as César LaHoz and
Francisco García.

M

•N e w
technologies
developed and applied at the
Observatory

Summer on the platform.

Recently, extragalactic CH emission has
been detected at Arecibo in an on-going
search, (Baan, Araya & Hofner 2004),
conﬁrming earlier detections with the
mini-Gregorian. The pumping situation
for this molecule is unclear.
In conclusion, Willem noted the
important role that Arecibo has played
in megamaser research. He noted the
importance of OH as a diagnostic of
the ULIRG population and of merging
galaxies. He also noted that OHMs can
be seen to high z’s. He emphasized the
importance of the on-going studies of
CH and H2CO emission from galaxies.
Finally, he noted that theoretical studies
are needed for jet interactions in galaxies
and for the pumping mechanisms for all
masing molecular species.
The Summer Experience – Carmen
Pantoja (UPR-Río Piedras)
armen Pantoja reviewed the
summer experience at Arecibo in a
lighthearted presentation that reminded
more than a few in the audience of experiences of their youth. A large number of
former Arecibo summer (REU and other)
students are now either staff or frequent
users of and visitors to Arecibo.

•

The Arecibo Observatory as a
National Center, hosting both US
and international scientists

•

Maintaining the Arecibo Observatory
as a CEDAR class 1 facility by the
routine addition of new instrumentation and development of new techniques

•

•

The contribution of the Arecibo
Observatory in its participation in the
development of new facilities such
as the AMISR (Advanced Modular
Incoherent Scatter Radar). He went
on to explain in detail the design and
purpose of AMISR.
The contribution of the Arecibo
Observatory (together with Jicamarca) in the education of Ph.D. stu-
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The participation of Arecibo in campaigns. In Coqui II, 3 NASA fellowships were granted to PR students.

•

The science issues he discussed
included a summary of gravity waves
showing how we can visualize their
structures using an all-sky camera to
image the airglow, and the observation of plumes shooting up as seen by
Arecibo and Jicamarca radars.

Nearly four decades of optical measurements at Arecibo – Craig A.
Tepley (NAIC)
raig Tepley gave the highlights of
optical developments at Arecibo
starting from 1963. He divided his talk
chronologically over the four decades
and discussed the important achievements during each period.

C

The ﬁrst decade (1963–1973) was the era
when photometry evolved. This happened
when Colin Hines forwarded a proposal
from Keith Cole to measure the effects of
conjugate electrons that cause enhancement of 6300 Å airglow emission in the

The NSF Incoherent Scatter Radar Chain
Millstone Hill (MH)

C

Carmen’s talk broadened from the
summer experience to include many of
the recreational activities the observatory
partakes in, including the annual Christmas Crazy Rally, Tanamá River hikes,
Tony’s Pizza (an REU tradition), Golf
(and a visit from Chi-Chí Rodríguez),
James (Pierce Brosnan) Bond, parrandas, AAS meetings, and parties.

•

Sondrestrom (SRF)

Alaska (AMISR)

AMISR
2004
SRF
1982
MH
1972

Arecibo (AO)

AO
1962
JRO
1963

Jicamarca (JRO)
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referred to as the ‘Meriwether Years.’ During this
period, measurements of
7320 Å twilight emissions
were made. Afterwards,
the mapping of meridional
intensity gradients (MIG’s)
by Herrero and Meriwether
were made in 1981, and
imagers were ﬁrst installed
by visitors at the observatory.
The photometer shack, ca. 1969.

early morning hours due to bombardment
of oxygen with photoelectrons. In July
1965, Bill Gordon gave permission to
Herb Carlson to purchase the required
instrumentation, and a photometer that
could measure airglow emissions at
6300, 5577, 5893, 5300 Å was acquired.
In 1968, Carlson reported observations
of the excited nitrogen emission at
3914 Å, which illustrated the inﬂuence
of high energy photoelectrons on the
local ionosphere. Later on, Nelson and
Cogger (1971) used the airglow line at
6300 Å to show the association between
its enhanced emission and the descent of
F-layer ionosphere, which is generally
referred to as the “post midnight descent”
of the F-layer. Cogger et al. (1970) measured linewidths of 6300 Å and inferred
airglow temperatures that were used to
validate satellite and incoherent scatter
radar temperatures.
The second decade (1973–1983) was
the period of spectroscopy that Craig
Arecibo Observatory - Long-Term Trends Observed in
the Thermospheric Neutral Wind Vector, 1980-2002
North

Wind Mag./Dir.
1980
1990
2002

West

East

0

South
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30

45

ca. 1990

ca. 1995

The third decade (1983–
1993) was marked with the
ca. 2000
development of interferometery. Roger Burnside used
interferometric methods
on the 6300 Å emission
to measure thermospheric
winds. A few examples
were shown illustrating
the coupling between ion
drifts and neutral winds.
Recently, 23 years of wind
Lidar evolution at Arecibo.
data from the observatory
In summary, Craig presented a rich
were analyzed by Robles
et al. (2002). They showed a gradual history of accomplishment in 40 years
eastward rotation of the wind vector. and how this will continue into the next
In 1986, Bob Kerr and his colleagues decades.
made observations of the Hα line that
originates from the geocorona. This work
was followed by Kerr and Tepley (1988) Exosphere/Plasmasphere Studies,
inferring hydrogen concentrations in the Long Term Trends – Bob Kerr (NSF)
ob Kerr began his presentation by
exosphere.
acknowledging the valuable conThe last decade (1993–2003) marks tributions of Raúl García, Craig Tepley
the era when lidar techniques ﬂourished and Roger Burnside over the years. He
at the observatory. The work started in then described how use of the “forbid1989 when the University of Illinois den” emission at 6300 Å has provided a
brought their laser to participate in the method for measuring F-region neutral
AIDA campaign. This was followed by winds for nearly 40 years.
the development of Doppler Rayleigh
He went on to show how Arecibo
lidar in 1990 at the observatory. In 1995,
an Alexandrite laser was purchased to explored the possibility of determining
enhance the lidar program. During the O concentration by explanation of the
Coquí II campaign in 1998, simultane- OI 8446 Å emission. There were two
ous measurements using Na lidar and candidates for excitation of O that proIncoherent Scatter Radar were made duces this emission. These are Bowen
for studying sudden Na layers and their Fluorescence and photoelectron impact.
coupling with sporadic E. Seasonal varia- Using the Arecibo Fabry Perot Intertions of K, Fe and mesospheric tempera- ferometer, the 8446 Å triplet members
tures have been studied using Arecibo’s were isolated from each other and from
bright OH contamination. As a result,
resonance lidars.
electron impact was conﬁrmed as dominant source of this emission. The excess

B
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Average Brightness (R)

grew due to gravitational instability and
progressively increasing the density contrast. Galaxies formed where the density
was higher than average, their baryonic
mass being at most 15% of the total.

10
8
6
4
2
0

1985

1990

1995

2000

Date
Brightness of the 6563 Å emission from hydrogen (Ha) from the exosphere over 20 yers of observation.

of 8446 Å emission at midnight and in
the morning sector relative to the GLOW
photoelectron model indicates possibly a
plasmaspheric source.
Kerr went on to look to the future of
airglow observations at Arecibo. With
John Noto (Scientiﬁc Solutions), Kerr
developed a photometer that was temporarily based at Arecibo and has since
been installed at Cerro Tololo in Chile. Its
purpose is to establish constraints for the
conjugate hemisphere photoelectron ﬂux
and to investigate the brightness excess
in the AM sector
The 8446 Å emission is easily calibrated using a laboratory source, which
makes it applicable to the measurement
of full wind vectors in the emission
region above the F2 peak.
Kerr discussed observations of the
metastable helium emission at 10830 Å
that is caused by electron impact. Arecibo
accomplished the ﬁrst measurements of
metastable helium in the mid-90s using
a Fabry-Perot interferometer and infrared
detector. The full potential of the 10830
Å wind and temperature diagnostic will
be realized by slightly higher spectral
resolution and with the use of IR array
detection.
Arecibo followed the work of John
Meriwether of 30 years ago, mentioned
above by Craig Tepley, by making
improved measurements using a narrowband interference ﬁlter coupled with a
Fabry-Perot interferometer to isolate
the 7320 Å oxygen line from nearby
OH emissions. Kerr showed some raw
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7320 Å emission proﬁles from May 2003,
which showed no broadening of the line
proﬁle that would suggest hot oxygen.
New instrumentation will be used later
this year to test these observations
Finally, Kerr discussed his twenty
years of work on hydrogen escape ﬂux,
which at mid-latitudes is preferentially
supplied during solar maximum at winter
solstice. The Hα 6563 Å emission is
observed for these studies. The 2+ solar
cycle trend shows some evidence of secular change, with increased H in the upper
thermosphere and exosphere, although
the results are as yet inconclusive.
Meteor Studies – John Mathews
(Penn State University)
ohn Mathews dedicated his time to
a discussion of the meteor observations that have been ongoing since 1994
at Arecibo. He gave an update of how the
Penn State group deals with the analysis
of data. He presented results of the present state of that analysis, showing altitude
and velocity distributions as well as some
orbital results of detected interplanetary
and interstellar dust.

J

Extragalactic HI with ALFA – Riccardo Giovanelli (Cornell)
iccardo Giovanelli began by noting
that after 3.5 × 105 hr (and counting), Arecibo Observatory looks both
strong and healthy! He then reviewed
the presence of large-scale structure in
the Universe which has evolved from
very small initial density ﬂuctuations that

R

12

Some galaxies result from multiple
(often major) mergers, giving randomly
oriented orbits to their stars. In these,
the kinetic energy of random motions
greatly exceeds that of ordered largescale rotational motions. Such objects
are the elliptical galaxies. Other galaxies form in less crowded regions, accrete
material at a slower rate, and are much
less affected by major mergers. Baryonic
matter collapses slowly and dissipatively
to a disc within the potential well of the
dark-matter, and large-scale rotation
dominates.
The Λ CDM hierarchical clustering
scenario is successful in describing many
of the large-scale properties of the Universe and individual galaxies, though it
does have problems such as predicting a
much larger space density of low-mass
galaxies than is seen. Possible solutions
(other than incorrectness of the theory)
are that low-mass dark-matter halos are
present, but have no baryonic matter, or
that they contain baryons that have never
made stars and which are either ionized
or too thin to be detectable at 21 cm.
However, maybe these halos are indeed
there, and their baryonic component is
detectable at 21 cm? Riccardo noted
that present studies of the local HI Mass
Function (HIMF) contain few objects
with MHI < 108 M§, and that such objects
are only detectable if very near, making
their distances and masses uncertain due
to the impact of their peculiar velocities.
Some are easily found due to both their
stars and HI emission. However, others
are more difﬁcult to reveal, while any
optical counterparts of others are (as yet)
invisible.
Riccardo and collaborators have
looked at simulations of several HI
survey approaches. The main scientiﬁc
goals are, a) to clarify the faint end of the
HIMF, b) to determine the local density
dependence of the HIMF, c) to map the
distribution of luminous and dark matter
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for z < 0.1, d) to determine the gas-rich
membership of nearby galaxy groups,
e) to determine the population of gasrich systems in the Local Group and the
periphery of our own Galaxy (HVCs),
f) to discover OH megamasers out to
z = 0.25, and g) TO BE SURPRISED!
Riccardo then reviewed a few scaling
laws, demonstrating that when making
an extragalactic HI survey, it is advantageous to maximize the solid angle covered, rather than to increase the survey
depth. He then showed the results of a
series of detailed simulations. He asked
where the low-mass HI systems are to
be found? The simulations demonstrated
that most of the mass in Universe lies in
regions of density substantially higher
than the average. However, he raised
a caveat by posing the question as to
whether low baryonic mass systems trace
the cosmic density distribution?
The simulations suggest the usefulness of three separate extragalactic HI
surveys with the new Arecibo L-band
Feed Array (ALFA). Firstly, a quick
ALFA survey (ALFALFA) acquiring data
for only 6 sec per Nyquist point, but covering the whole Arecibo sky. Secondly, a
Virgo Cluster survey with a dwell time of
60 sec per pointing, and ﬁnally a coverage of the Zone of Avoidance with 300
sec per pointing. The total observing
times required to complete each of these
surveys would be 1200, 800 and 10,000

hr respectively. Riccardo demonstrated
that even the shallow ALFALFA survey
would represent a signiﬁcant improvement over the Parkes HIPASS survey for
all HI masses.
Riccardo concluded by wishing “a
Happy Birthday from and for all those
who cared.”
The Fastest Pulsar – Don Backer
(Berkeley)
ne of the major contributions of
the Arecibo Observatory was the
discovery, in 1982, of PSR B1937+21,
the ﬁrst (and still, the fastest) known millisecond pulsar. In his talk, Don Backer
made a cronological enumeration of the
events that led to his team’s discovery of
PSR B1937+21 and listed some of the
many reasons for studying millisecond
pulsars.

O

In the early sixties, it was calculated
that neutron stars have characteristic
vibrational frequencies of about 1 kHz.
When the ﬁrst pulsars were discovered,
with repetition periods of the order of a
second, it was realized that the repetition
could not be due to neutron star vibration;
the repetition is too slow. Soon it was
found that pulsars spin down with time,
which cannot happen if the repetition is
due to vibration, because the vibration
frequency is a ﬁxed characteristic of the
vibrating object.

GB 140ft - Backer, Lommen et al.

PSR B1937+21

Arecibo – Kaspi et al.

Arecibo – Lommen et al.

373b 682m 043t 709; 1ms 557us 806ns 468ps 819fs 794as
Timing residuals for PSR B1937+21, the ﬁrst millisecond pulsar. Note the accuracy of the period measurement
(P = 1 ms 557µs 806 ns 468 ps 819 fs 794 as).
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The discovery in 1974 of
PSR B1913+16, a pulsar with very
large characteristic age and (at the time)
the second smallest spin period, hinted
at the phenomenon of late-age spin-up,
nowadays referred to as “recycling”.
Don had arrived in Arecibo in 1969.
One of the projects he worked on was
measuring the positions of radio sources
in the 4C catalogue. In 1978, he learned
from Duffet-Smith and Readhead (1976)
about a scintillating source in 4C21.53.
The scintillation, combined with the
steep spectrum of the source led to the
hypothesis that the source was a millisecond pulsar. This was conﬁrmed in preliminary observations made at Arecibo
by Shri Kulkarni and Mike Davis.
Later, Don Backer and Shri Kulkarni
teamed with Carl Heiles to measure the
periodicity of the pulsar. This turned out
to be absolutely extraordinary: 1.57 ms,
i.e., the star rotates 642 times a second,
similar to what could be expected from
neutron star vibration. Since then, more
than 100 other millisecond pulsars have
been found. These “recycled” pulsars
rotate with extraordinary stability. This
makes them the best celestial clocks.
Don highlighted some of their many
applications. Millisecond pulsar timing
has been used to search for gravitational
waves from massive black hole binaries
(upper limits for the strain 1-year waves
of 10−15 have been achieved, within a
factor of 5 from detection). Millisecond
pulsars are also very useful for probing
the equation of state of matter at extreme
densities, which is used to build neutron
star models.
Not only is their limiting rotational
period important for testing the validity
of these models, but measurements of
the mass of these objects can be used
for a comparison with the maximum
possible masses of neutron star models.
The measurement of the mass of the
neutron star is possible in a few cases
(most notably, PSR J1713+0747, but also
PSR B1855+09), because of an effect on
the timing known as the Shapiro delay,
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which yields not only the mass but also
the inclination of the system.
The Planets Pulsar – Alex Wolszczan
(Penn State)
ne of the great contributions of the
Arecibo Observatory to astronomy,
and to science in general, was the discovery, in 1992, of the ﬁrst extrasolar
planets, orbiting the millisecond pulsar
PSR B1257+12. Apart from demonstrating that other planetary systems exist in
the Universe, this discovery showed that
planets can form in environments far
more exotic than previously suspected.
In his talk, Alex Wolszczan reminisced
on his 20 years of work with the Arecibo
Observatory, including his discovery of
this very unusual planetary system. He
compared the pulsar search work to “a
drunk searching for keys at night, under
a street lamp.”

O

During one of these searches, in 1989,
the 6.21 ms pulsar, PSR B1257+12, was
found. In the first few months, Alex
tried, without success, to ﬁnd a model
capable of describing the rotation of an
isolated millisecond pulsar. Instead, the
departures of the arrival times from the
model prediction showed consistent,
cyclic trends, with periods of 25, 66
and 98 days. In the 1992 discovery
paper published by Wolszczan and Frail
in Nature, these were interpreted to be
caused by movement induced in the
pulsar by the gravity of unseen planets.
This interpretation has been conﬁrmed in
the 14 years of timing since the discovery
of the pulsar.
The outer planets (B and C), with
separations that scale with those of Venus
and Earth, are in a near 2:3 orbital resonance. This gives rise to signiﬁcant perturbations in their positions, which can
be detected in the motion of the pulsar
itself. The detection of this effect was
unequivocal proof that the periodicities
in the arrival times are indeed due to the
presence of planets. The mutual perturbations depend on the exact masses and
orbital inclinations of the planets.
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A modiﬁed version of TEMPO was
developed by Alex that allows one to
estimate the masses and inclinations of
the planets from the observed mutual perturbations. It is now known that the orbits
of both B and C are inclined by about 50
degrees, and each planet weights about
4 Earth masses.

smallest objects ever observed outside
the solar system. Details of this work
are in the Radio Astronomy Highlights
article in this Newsletter issue, and they
have been published in Nature (Hankins, Kern, Weatherall, and Eilek, 2003,
Nature, 422, 141).

Alex also described other effects
detected in this most intriguing system.
One of them is a DM variation with
a peak-to-peak amplitude of about
0.001 cm−3 pc, which recurs every 2600
days. If caused by an orbiting object, this
would lie at about 4 a.u. from the pulsar
and have a mass of about 1016 kg. Is this
the 4th known planet in the system?
Or should we say it is a fully ionized
asteroid? Undoubtedly, this system still
has many more secrets waiting to be
unlocked by the patient observer.

OH Megamaser Studies at Arecibo:
Current Studies and Future Directions – Jeremy Darling (Carnegie
Observatories)
eremy began by posing the question,
“What are OH Megamasers (OHMs)?”
It is found that luminous 18-cm OH
masers are produced in major galaxy
mergers in which they are associated with
starburst nuclei. Their OH luminosities
are 101 – 104 L§ (106 – 109 times “typical” OH masers in the Galaxy). Usually
the masing is in the 1667- and 1665-MHz
OH main lines (which have a line ratio
of 9:5 in LTE). OHMs are extremely
rare with only ~100 being known (50%
of which were discovered at z > 0.1 with
Arecibo). The angular sizes of the masers
are from arcsec down to submilliarcsec.

Nanosecond Radio Pulses from the
Crab Pulsar – Tim Hankins (New
Mexico Tech)
icrosctructure in radio pulses from
pulsars was discovered by Craft,
Comella, and Drake (1968). The emission at µs time resolution was found to be
strongly circularly polarized. The technique that allowed such high resolution
studies employs coherent dedispersion,
a technique developed by Ken Bowles
and applied ﬁrst by Hankins and Rickett
(1970). In the early 70s, the resolution
obtained was about 8µs. Since then, the
limiting resolution has been improved
by four orders of magnitude, and this
development has helped in studies of
giant pulses from the Crab pulsar that
reveal nanosecond structure.

M

A model developed by Jim Weatherall (New Mexico Tech) predicted such
ﬁne structure. This prompted the team
of Hankins, Jeff Kern, Jean Eilek, and
Weatherall to design a data acquisition
system capable of Nyquist sampling a 0.5
GHz bandwidth.
The plasma structures responsible
for these ultra-bright nanosecond width
emissions are believed to be smaller than
1 meter in size, making them by far the
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The first OHM was discovered in
Arp 220 at Arecibo by Baan, Wood &
Haschick in 1982. Its 1667/1665-MHz
line ratio was 4.2:1, clearly demonstrating that LTE did not apply. We now know
that Arp 220 is an advanced merger with
two masing starburst nuclei.
Recent work has shown LOH ~ LFIR1.2,
and that OHMs favor dusty environments. OHMs likely indicate massive
black holes, and seem to occur at a
particular stage of major mergers. Their
study can lead to obtaining the black-hole
binary formation rate. OHMs are seen as
Ultra Luminous IR Galaxies (ULIRGs),
and about 1 in 3 warm, IR-excess
ULIRGs contain an OHM. However, not
all OHMs seem to be associated with a
massive black hole. Presently unknown
is the lifetime of an OHM.
Jeremy continued by describing his
own work on the variability of OHMs,
a phenomenon that he discovered at
Arecibo. The first example, IRAS
21272+2514 (z=0.1508) varies by 10-
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Very Long Baseline Interferometry
(VLBI) – Emmanuel Momjian (NAIC)
ery Long Baseline Interferometry
(VLBI) is a division of radio interfermotery with no direct links among its
antennas that are separated by hundreds
to thousands of kilometers. Celestial
radio signals received at each station
are recorded on magnetic tapes or disks
and correlated at a later time in a central
facility. The angular resolution achieved
in VLBI observations is on the order of
milliarcseconds.

V

OH Masers “Martha” — IRAS 02524+2046 (z=0.182) — and “Riccardo” — IRAS 12032+1707 (z=0.217).

14% in < 39 days. Signiﬁcantly, 25–50%
of the masing is in compact (< 2 pc) components. The variability is believed to be
due to interstellar scintillations (ISS),
which form a crude “celestial interferometer”. This responds to high brightness
temperatures of > 1010 K, and depends on
submilliarcsec angular sizes.
Only 4 OHMs have been well studied
by VLBI. These OHMs have sizes up to
~200 pc, with CO and HI being more
extended, and mostly exterior to the OH.
Velocity gradients of 0.3-30 km s−1 pc−1
are found over 5–150 pc, showing that
enclosed masses of a few × 106 – 108 M§
are involved. Some OHMs show emission toroids, with line widths remaining
large even on the smallest scales, perhaps
due to turbulence. The exception is Arp
220, which contains radio supernova
remnants, odd velocity proﬁles, a complicated distribution of OH, broad OH lines
on small scales, and no hard evidence for
an AGN. Variability occurs for multiple
independent features in an OHM spectrum, each variable component having
a different time scale. This segregates
size scales, and perhaps positions, offering sub-milliarcsec resolution. In IRAS
02524+2046 (z=0.182), day-to-day (and
intraday) variations are seen in multiple
narrow components. Often (though not
always), the 1665-MHz line varies with
that at 1667 MHz. Variability often corresponds to peaks in the mean OHM
spectrum. “Flaring” events are found,
while many components shift by a few
km s−1 with time. The variable features
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are narrower than the average, while
over 30 components are needed to ﬁt
all measurement epochs. There is very
high matching between the 1665- and
1667-MHz lines in average and variability ﬁts, including ﬂaring lines. The
variation envelope gives a modulation of
~20%. Source size scales of < 1 pc (0.3
milliarcsec) are derived.
Summarizing variability, the average modulation is ~10%, varying on a
time scale of ~4.5 days. Assuming ISS
to explain the phenomenon, the variability features are < 1–2 pc in size,
with the quiescent features being > 4
pc. By-products of the variability work
have been, a) exceptional S/N average
spectra, b) deep searches for the 18-cm
satellite lines, c) deep searches for OH
isotopes, d) very low HI absorption, and
e) identiﬁcation/constraining of OH line
accelerations. Roughly 50% of luminous
OHMs at z>0.1 are variable/compact.
What does the future have in store for
OHM research? In terms of cosmology
and galaxy evolution, Jeremy pointed
out; a) high-z surveys, b) investigations
of ﬁne structure constant evolution using
just OH to constrain α(z), and c) possibly
the measurement of geometric distances
if the OH lies in a disk. In terms of
understanding OHMs, a) observations
of the 5- and 6-cm OH lines permitting
gas physics, b) VLBI studies (including
Arecibo), c) variability studies, and d)
studies of local starbursts.

15

Post upgrade, the Arecibo Radio
Telescope first participated in VLBI
observations in 1997 with an S2 recording system for the HALCA mission of
VSOP. In 2001, the Arecibo Observatory
was equipped with its VLBA4 data acquisition system and become an important
element in VLBI observations with the
Very Long Baseline Array (VLBA) of
NRAO and the European VLBI Network (EVN).
The geographical location and the
huge collecting area of the 305-m Arecibo Radio Telescope make it an invaluable addition to VLBI networks in the
northern hemisphere. It provides both
short and long very sensitive baselines,
and significantly enhances the image
sensitivity.
Various scientiﬁc observations have
been carried out with VLBI arrays that
included the 305-m Arecibo radio telescope. The ﬁrst scientiﬁc observations
with Arecibo and its VLBA4 recording
system were carried out in September
2001 to study the nuclear region of the
Luminous IR Galaxy NGC 7674 (Momjian et al., 2003). The results revealed
several new radio continuum structures
and provided a detailed picture of the
distribution of the neutral hydrogen gas
in the nuclear region of NGC 7674.
The Arecibo radio telescope also participated in a global VLBI run to image
the prototype Ultra Luminous IR Galaxy
Arp 220 at 1.6 GHz. The rms noise level
in the resulting continuum image was
only 8 µJy/beam, making it one of the
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most sensitive radio images (Lonsdale
et al., 2003).
Some of the other VLBI observations that Arecibo participated in were
pulsar astrometry (Chatterjee et al.,
2002), imaging of the gravitational lens
system 2016+112 (Porcas et al., 2002),
and imaging of the gamma ray burst GRB
030329 (Taylor et al., 2003). Details of
all these observations can be found in the
scientiﬁc highlights section of the VLBI
web page at the Arecibo Observatory
(http://www.naic.edu/~astro/aovlbi/
index.shtml).
Also, a complete list of all VLBI observations at Arecibo carried out since April
2001 is available at http://www.naic.edu/
~astro/aovlbi/v4obstat.shtml.
Magnetic Fields – Zeeman Effect
– Carl Heiles (Berkeley)
arl Heiles spoke about the experiment he and Tom Troland have been
performing using the Zeeman Effect to
directly measure the interstellar magnetic
ﬁeld in HI clouds seen as absorption features against extragalactic radio sources.
He noted that this has used some 800 hr
of telescope time. A typical strong detection would yield values for the magnetic
ﬁeld such as 5.6 ± 2.0 µG!!

C

Carl and Tom have also decomposed
each of their absorption spectra into a
number of Gaussian components, which
yield column density, spin temperature,
turbulence velocity, and magnetic ﬁeld.
It had previously been thought that to be
thermally stable, the spin temperature
of the gas should be near either 80 or
8000 K. However, they ﬁnd that much
of the gas lies at excluded values near
2000 K.
In the Cold Neutral Medium, the
turbulent velocities give a broad spread
of turbulent Mach numbers. The typical
value is 3, suggesting strong shocks
which would be dissipatory, and hence
short-lived. Thus, a source of energy
input is needed. Typical column densities are NH ~ 3×1019 cm−2. Much of this
phase seems to exist in very thin sheets
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having aspect ratios of ~200:1, and a
depth of about 0.1 pc along the line
of sight. This aspect ratio is about that
of a sheet of paper! If these sheets are
oriented randomly, there will be a large
number seen at low NH, and only a few
at high NH.
Magnetic ﬁelds have been detected in
20 sources, though there are more yielding upper limits. The distribution of
magnetic ﬁelds (including upper limits)
2
is consistent with Φ(B) = β2 e−β , where β
= B/2.2 µG. The width of this ﬁtted curve
is twice that which can be explained by
the uncertainties, implying a spread in
the distribution of ﬁelds. The median
ﬁeld is ~5.4 µG. They compute a ratio
of thermal to magnetic pressure of 0.3,
with the turbulent and magnetic energies
being roughly in equipartition.
Carl & Tom are currently performing a detailed statistical analysis of the
magnetic ﬁeld results to ﬁrm up these
statistical statements. These should be
regarded as preliminary and tentative at
the present time.
HI Self-Absorption: A Peculiar
Puzzle and Potential Probe Predating
the Arecibo Telescope – Paul F. Goldsmith (Cornell)
he 21cm line was discovered in emission from the interstellar medium
of our galaxy by H. Ewen (last year’s
Gordon Lecturer) and E. Purcell in 1951.
But only 4 years later, D. Heeschen published HI spectra with “dips”, and it was
already suspected that they might be due
to cold HI. 1960 saw the ﬁrst appearance
of the term “Self-Absorption”, but the
location of the material responsible was
unclear. In 1969, C. Heiles, surveying
dark clouds (visual extinction greater
than a few mag.), found in very few a
self-absorption signature that agreed in
velocity with that of the OH emission.
This, and an extensive comparison of
H2CO and OH with HI absorption in
Taurus (Heiles & Gordon 1975), conﬁrmed that the narrow HI self-absorption
is associated with molecular emission.

T
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Paul Goldsmith and Di Li (then a
graduate student at Cornell, now at CFA)
have been pursuing this topic. The Arecibo Gregorian allows observing HI and
OH simultaneously, with better sensitivity and angular resolution than previously
available. In a paper published in 2003
(ApJ 585, 823) Goldsmith and Li found
that about 80% of clouds in Taurus that
they surveyed showed HI narrow self
absorption, for which they gave the
acronym “HINSA”. They found that
the emission has non-thermal line width
similar to that of 13CO, and that the HI is
very cold, as low as ~ 10 K, as would be
expected if it were from the cold central
portions of dark clouds.
Continuing this work, they have
mapped HI, OH, 13 CO and C 18 O in
four clouds and found that the HINSA
is centrally concentrated, and that its
distribution agrees with that of the
molecular emission. What is the origin
of this atomic gas in what are asserted
to be molecular regions? They ﬁnd that
the volume density is generally larger
than that expected from steady state
production by cosmic ray destruction
of H2 molecules. The best explanation
is that most of the cold HI is actually
residual gas from the period when the
cloud was largely atomic. The time scale
for conversion of HI to H2 is on the order
of 1 million years, and thus this HI is a
chronometer for the evolutionary history
of the gas in terms of possible shocks
and compression, which increased the
visual extinction and initiated the HI to
H2 transition.
To exploit this further, they are
proposing a survey of the entire Taurus
region using the ALFA focal plane array.
This project, called “ALFA-TAU” will
give new insight into the evolution of a
molecular cloud complex, and will trace
the early stages of the process which ultimately produces new solar-type stars.
Mercury, Mars, and Comets – John
Harmon (NAIC)
ohn Harmon, who until recently served
as Assistant Site Director, showed the
spectacular radar maps of Mercury that
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ALFA was lifted into the Gregorian
Dome on April 21, 2004 and will be
available for science projects by the end
of the year. Pictures from the ALFA lift
and ﬁrst light are shown later in this
newsletter.
HF Facility Upgrade/New HF Feed
for Arecibo Observatory – Mike Sulzer
(NAIC) and Jim Breakall (Penn State)
he description of the proposed plans
for the new ionospheric modiﬁcation
HF (High Frequency) facility was given
in a joint effort between Mike Sulzer and
Jim Breakall. During the ﬁrst part, Mike
stated the reasons for bringing back the
Arecibo HF facility and the main scientiﬁc goals for the new instrument. It is
important to note that even though there
are other HF facilities in operation, none
of them can provide the combination of a
relatively quiet ionospheric background
with the world’s most sensitive diagnostic tool to probe ionospheric plasma.
Furthermore, the Arecibo Observatory
now has greater capabilities to make
measurements of the neutral atmosphere
with its optical instruments.

T
The North Pole of Mercury, before the Gregorian and transmitter upgrade (left) at 15 km resolution, and after
the upgrade (right) at 1.5 km resolution.

extend our knowledge of the surface
beyond the images taken by the only
Mercury mission, Mariner 10 in 1975.
The polar ice patches are probably water
ice and have helped in reﬁning the pole
position.
Mars has not been in the Arecibo sky
since the upgrade (it will be in 2005),
but in the past we learned a great deal
about the surface using the non-repeating long code technique to overcome the
frequency folding due to Mars’s rapid
rotation. Small-scale roughness is seen,
as are lava ﬂows.
Since Comet Encke in 1980, nine
comets have been detected, some with
both nucleus and coma (cm-sized grains).
Density and mass loss are the goals, but
comets are not often close enough to
be radar targets because of radar’s 4thpower dependence on distance.
Asteroids – Steve Ostro (JPL)
teve Ostro, who was at Arecibo as a
graduate student in the 1970s, completed the planetary astronomy story by
summing up the asteroid work, now the
most frequent use of the radar. This work
has focused primarily on Near Earth
Asteroids, but some Main Belt Asteroids
have been observed as well. Many give
strong enough echoes to be imaged in
delay-Doppler and to give a good polarization ratio. Bulk density, proportion of
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rock/regolith on the surface, shape, spin
state, average slopes, and metallic/rocky
composition can be determined for some
objects. The radar detection improves
our knowledge of the orbit, which we
need for dynamical models and for
impact prediction. Recently, the longterm effect of radiation on a rotating body
(the Yarkovsky effect) was measured for
the ﬁrst time at Arecibo.
ALFA – Steve Torchinsky (NAIC)
he Arecibo L-Band Feed Array is
a seven pixel spectroscopic radio
camera covering the neutral hydrogen
waveband (L-band). The progress on
ALFA development was presented by
Steve Torchinsky who recently joined
Arecibo as the Project Manager for
ALFA. ALFA will be a dual linear
polarization receiver with several backends for data processing. All fourteen
signals from ALFA will be distributed to
backends dedicated to the different science projects. Each main science area is
organized by a consortium that is open to
all astronomers.

T

The ALFA frontend is built by the
receiver group at the Australia Telescope
National Facility. This is the same team
that built the Parkes multibeam system.
Steve showed pictures of the ALFA frontend which was nearly complete at the
time of the Workshop.

17

The new HF facility is a very important project for Arecibo. With this new
facility, it is expected to bring a broader
user base, with interests beyond traditional aeronomy. After Hurricane
Georges destroyed the Islote HF facility
in 1998, Arecibo lost the capability to
perform experiments to study the interactions between powerful HF waves
and the ionospheric plasma. This type
of experiment turns the ionosphere over
Arecibo into a natural plasma physics

The new HF feed as it will appear over the dish.
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laboratory, and already the scientific
community has identiﬁed several speciﬁc problems that the new HF facility
can address uniquely.
The proposed new HF facility will
be a much improved version from previous Arecibo HF systems. First of all,
the transmitter will be a 500 kHz AM
transmitter capable of putting out about
620 KW average power and up to 2 MW
of peak power. Since this new transmitter can be modulated, it is also possible
to use this system as an HF radar itself.
This feature will no doubt make possible
other applications for the system. In its
initial stage, the HF system will operate
at frequencies of 5 and 8.175 MHz, with
plans to add a lower frequency of 3 MHz
at a later date.
Jim Breakall then took his turn to
describe the details about the new HF
feed. He started by putting things into
perspective, as he showed viewgraphs
from the original onsite HF facility back
in the 70s, and then the second generation located at Islote. He then went on to
describe the new cross dipole feeds and
the supporting mechanism, which consist
of cables supported by the towers, not the
platform, so it won’t add any weight to
the already loaded platform.
From this point on, Jim concentrated
on the results of very accurate computer
simulations to determine the performance
of the new feeds when they are embedded in a realistic background comprised
of the main reﬂector and the platform,
including the suspended line feed along
with the Gregorian dome. The presentation of the expected performance and
general description of the system, generated a lively discussion at the end of the
talk regarding parameters, possible uses
of the system, and concerns on the impact
of the HF feed for radio astronomy measurements.
The Sun-Earth Connection – Tim
Bastian (NRAO)
im Bastian described the proposed
Frequency-Agile Solar Radiotelescope (FASR) project. He noted that

T
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this was relevant
to the interests of
all three scientific
specialities at Arecibo — solar system
studies, space and
atmospheric physics,
and passive radio
astronomy. FASR
will give access to an
astrophysical environment where we
can study:
•

Freq Range Antenna Ele- Freq ResoluΔτ (msec)
(GHz)
ments
tion

0.1–3.0

log-period1%
ics

100

3.0–18.0

6-m dishes

0.1%

10

18.0–30.0

2-m dishes

1%

100

M a g n e t i c
dynamo

•

Magnetic energy release

•

The physics of partially and fully
ionized media

•

Particle acceleration and transport

•

Shocks

The Sun’s output stirs up the interplanetary medium (IPM) and impacts
the near-earth environment. The details
are encapsulated by the catch-all term
— Space Weather.
The past 15 years have seen a growth
of space-based solar physics investigations (e.g. SMM, CGRO, Yokoh,
WIND, Ulysses, SOHO, ACE, TRACE,
RHESSI). Within the next 24 months,
Solar B and STEREO will follow.
The Decadal Review of the NRC
Astronomy and Astrophysics Survey
Committee recommended the construction of three very complimentary
instruments, 2 ground-based and 1
space-based. These were;

•

At > $400M, The Solar Probe

•

At $250M – 400M, The Magnetospheric Multiscale Mission (MMS)

•

At < $250M, FASR

FASR would employ an interferometric approach. In practice, the Sun
varies so rapidly that normal Earth-rotation synthesis is not possible, and many
dishes are required to give good instantaneous spatial-frequency coverage. This
is especially needed as the Sun is both
large and complex! FASR proposes using
3 different arrays to cover the complete
radio frequency range of 0.1 – 30 GHz,
as shown in the table above.
Some 100 antenna elements (about
5,000 baselines) would record data, and
provide an angular resolution of ~20/
ν(GHz) arcsec over a ﬁeld of view of
~0.5 deg or larger, i.e. sufﬁcient for fulldisk imaging over most of the proposed
frequency range. The array conﬁguration will likely be “self-similar”; e.g., a
logarithmic spiral, this having excellent
imaging properties, even at the “dirty
map” stage.

•

The Advanced Technology Solar
Telescope (ATST – Optical/IR)

The key science that FASR would
address includes;

•

The Solar Dynamics Observatory
(SDO – Optical/UV/EUV)

•

•

FASR (Radio)

The nature and evolution of coronal
magnetic ﬁelds, such as measurement
of these magnetic ﬁelds, the temporal
and spatial evolution of the ﬁelds, the
role of electric currents in the corona,
and coronal seismology.

•

The study of solar ﬂares, including
energy release, plasma heating, and
electron acceleration and transport,

Since that time, the NRC Solar &
Space Physics Review (SSPS Survey
Committee), and the Space Studies
Board have recommended the following proposals as their priorities;
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•

•

•

•

and the origin of solar energetic particles (SEPs).

that the SKA would reveal an order of
magnitude more such discoveries!

•

The drivers of space weather, such as
the birth and acceleration of CMEs,
prominence eruptions, again the
origin of SEPs, and the fast solar
wind.

Despite some plateaus, the cumulative collecting areas of optical and IR
telescopes have risen steadily over the
years. For radio telescopes, there was a
big step forward in collecting area available during the 1970’s. However, since
then the only new telescope of large area
has been the GMRT. Instead, much work
has gone into algorithm development to
get the very best out of what exists.

The “baseline” SKA design goals can
be found at http://www.skatelescope.org.
The timeline for the SKA is presently;

The development history of the SKA
concept began in the early 1990s with the
idea of a collecting area of 1 km2, working at frequencies suitable for HI studies.
In the late 1990s, as the USA prepared for
its “millennium” decadal survey, ideas
became more ambitious, and in 1999 the
United States Square Kilometer Array
Consortium (US SKA) was constituted.
This currently consists of representatives
from 12 different institutions.

2007 Design concept selection

The thermal solar atmosphere, e.g.
coronal heating and nanoﬂares, thermodynamic structure and dynamics,
and the formation and structure of
ﬁlaments.
The solar wind, as exempliﬁed by
its birth in networks, coronal holes,
fast/slow streams, and turbulence and
waves.
Synoptic studies, including radiative
inputs to the upper atmosphere, the
global magnetic ﬁeld/dynamo, and
ﬂare statistics.

BREAKOUT SESSIONS

Internationally, 7 design proposals
exist for the SKA:

SKA: The Technical Development
Project – Jim Cordes (Cornell)
im Cordes talked about the Square
Kilometer Array (SKA), which is
planned to be the paramount international
radio telescope facility for the next generation of astronomers.

•

“Large-N, Small-D” (LNSD), the US
concept.

•

The Canadian “Aerostat” dish.

•

The Chinese “KARST” concept.

•

The Australian array of “Molonglo
cylinders”.

•

The Australian array of Luneberg
lenses.

•

The Dutch “Aperture Array”.

•

And the Indian array of Preloaded
Parabolic Dishes.

J

Why is the SKA needed when individual instruments can already provide
milliarcsecond angular resolution,
immense bandwidths, ﬁne spectral resolution, and nanosecond time resolution?
The answer is that one would like to have
all of these, coupled with a huge sensitivity improvement over existing instruments, and preferably with a wide-ﬁeld
survey capability.
The Arecibo telescope is currently
the most sensitive single telescope in
the World, and is expected to continue
to be so until the SKA enters service.
To give an example of the expectations
for the SKA, the Arecibo ALFA surveys
planned for the coming years expect to
discover some 1,000 new pulsars. With
similar integration times, it is expected

April 2004, Number 37

Scientifically, the chosen design
would be expected to provide breakthrough studies from our Solar System
to the early Universe. The key-science
goals include;
•

The cosmological evolution of HI:
Probing dark energy.

•

The origin of cosmic magnetic
ﬁelds.

•

Imaging the “cradles of life”:
(proto)planetary disks.
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Gravity and Pulsars: Did Einstein
have the last word?

2002.5 The concept white papers
2003.5 Site Proposals
2004.5 Updated concept and site white
papers
2006 Site selection

2009 Preparations for construction
proposals
The US LNSD concept would use a
large number (N) of small diameter (D)
parabolic dishes. Large-N is chosen to
give large collecting area, high dynamic
range, good “dirty image” characteristics
in “snapshot mode”, self-calibration considerations, and fault tolerance. Small-D
is chosen to give a wide ﬁeld of view of
~1 deg at L-band, and to minimize costs.
4400 × 12-m paraboloids are currently
projected, with feeds covering 0.15 to
at least 23 GHz. This design will meet
the Science Compliance Matrix issued
by the International Science Advisory
Committee (ISAC) in Sept. 2003.
Funding has been made available to
the US SKA Consortium by the NSF to
explore technical elements of LNSD.
There is a lot to do in terms of reducing costs to a minimum. The method for
transporting signals from the antennas to
the control center is being investigated, as
are RFI mitigation, post-processing, and
operations and maintenance.
The SKA Technical Development
Project (TDP) will have 7 main work
areas. For this, the Allen Telescope
Array (ATA) will serve as a test-bed for
a number of the aspects to be studied.
There is also an extensive outreach element being undertaken.
The TDP will include the participation of all US SKA Consortium members,
but is to be managed by NAIC. A project
ofﬁce for this is being set up in Ithaca,
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and the Project Director is Jim Cordes.
The implications for NAIC and the
Arecibo Observatory are that they will
contribute to the management of the US
project, participate in the design and
optimization of the antenna optics, have
access to broadband low-noise ampliﬁers, work on RFI mitigation, develop
science goals, make pilot observations
to gain experience (see the EoR Catwalk
experiment summary below), and indulge
in outreach work.

by the telescope’s primary surface. The
pointing declination of such a set up is
close to that of the Orion Nebula. An
earlier attempt at detecting HI emission
near 240 MHz from the Arecibo catwalk
was undertaken in the 1990s by Bernie
Burke, Jonathan Weintroub and Ian
(Max) Avruch, who were interested in
detecting massive proto-cluster clouds
at z ~ 5. They illuminated a 150-m diameter area of the primary surface using a
point (helical) feed mounted below the
catwalk.

The Catwalk EoR Experiment – John
Dickey (U. Minnesota)
ohn Dickey addressed the Symposium concerning the possibility
of detecting HI emission from before
the “Era of Reionization” (EoR). This
planned Arecibo “catwalk” experiment
will serve both as a pilot project for the
Square Kilometer Array (SKA), and as
an exciting scientiﬁc investigation of
cosmology and fundamental physics in
its own right.

In practice, it is possible to “multibeam” from the catwalk, and a 4-feed
system is now being proposed for the
new EoR HI experiment. To be successful with observations at such low
frequencies, it has also to be possible
to efﬁciently excise radio frequency
interference (RFI). Frank Briggs has
shown that using an independent reference signal and closure relations it should
be possible to get at least 25 dB of RFI
rejection.

Reionization of the intergalactic HI
is thought to have happened shortly after
the ﬁrst galaxies formed. Its epoch of
occurrence is believed to have been at
a redshift within the range, 6.5 < z < 25,
corresponding to HI emission being
observed between about 200 and 50
MHz respectively. There is indeed some
evidence for increased opacity of the
intergalactic medium at redshifts near
the lower end of the range given above.
However, results from the polarimeter
aboard WMAP suggest that reionization
occurred at 11 < z < 30, which would
imply reaching very low frequencies to
detect the signature of the EoR. It has
even been suggested that there were two
EoR’s, ﬁrstly at z ~ 15, and again at z ~ 6.
The HI spin temperature prior to reionization would have been equal to that
of the Cosmic Microwave Background
(CMB) at that epoch.

If Arecibo can indeed defeat the
problem of RFI, this essentially dedicated commensal project could obtain
an integration time on the 305-m dish
of (say) a year or so over the next three
years. It would then have a fair chance
of detecting the spectral-line signature
of the EoR. This would be the critical
ﬁrst step toward using this method to do
cosmic tomography (i.e. three dimensional mapping of the pre-ionization
medium).

J

The Arecibo telescope catwalk runs
from the ground to the platform, to which
it provides access. At one point near its
top, it passes through the paraxial surface
of the telescope and a feed placed here
can receive “focused” radiation collected
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VLBI with Arecibo – Jim Ulvestad
(NRAO)
eviewing the major milestones
of VLBI technique and research
over the years, Jim Ulvestad (Director,
VLA/VLBA) recounted that the basic
techniques were developed and streamlined between 1960s and 70s. Apparent
superluminal motions in radio jets discovered in early 80s spurred the quest for
even higher resolution, leading to space
VLBI in late 90s. At present, routine
use of the VLBA continues with studies
of megamasers, disks & jets in AGNs,
pulsar proper motions, etc. The quest for

R
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even higher resolution will require even
longer baselines and/or higher observing frequencies. VLBI techniques are
already being applied at 86 GHz, but it
is difﬁcult to go any higher at present.
The new frontier seems to be sensitivity
which makes Arecibo with its large collecting area very attractive to be included
in a VLBI observations. Elaborating further on what Arecibo’s contribution to
VLBI observations might be, Jim stated
that the System Equivalent Flux Density
(SEFD) of the VLBA at 5 GHz is 312 Jy,
while that for Arecibo is just 4 Jy, thus
lowering the fringe detection threshold
by about a factor of 5. This would allow
astronomers to address questions such as
how stars and supermassive black holes
form. It would facilitate observations
of faint gamma ray burst sources, measurements of weak millisecond pulsars’
proper motions, detection of very young
supernovae and supernova remnants in
external galaxies.
Editors’ Note:
In recent years, Arecibo has been regularly participating in VSOP, EVN and
Global VLBI. Nevertheless, discussions
such as above during this workshop contributed signiﬁcantly towards formalizing
the High Sensitivity Array (HSA), which
is announced on page 40.
Arecibo and the EVN – Willem Baan
(ASTRON & Westerbork)
illem Baan, Chairman of the European VLBI Network (EVN) Consortium Board of Directors (CBD), spoke
about Arecibo and the EVN. Formed in
1980, EVN now boasts 17 participating
telescopes around the globe, with Arecibo being an associate member situated
in the western Atlantic.

W

The general policies of EVN are set
by the CBD. Observing proposals are
reviewed and rated by a Programme
Committee, and the Technical Operations Group is responsible for engineering issues. EVN operates 3 to 4 times
per year in campaign mode. In listing the
capabilities of the EVN, Baan pointed
out that its unique features are its coverage of the UHF and the 6-GHz bands,
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facilitating VLBI observations of highly
red-shifted HI, and methanol maser lines.
He also noted that at 512 Mbps recording
rate, EVN is 10 times more sensitive than
VLBA. At 6 cm wavelength, a typical
sensitivity for the full EVN is ~20 µJy/
beam in ~10 hours.
The addition of MERLIN (UK),
Arecibo, and Chinese and South African
antennas now provides the EVN with a
good baseline coverage from 50–9000
km. At the heart of its present operations lies the Joint Institute for VLBI in
Europe (JIVE), which operates a MkIV/V
correlator and provides central support
for EVN users. EVN is continually
upgrading its capabilities as many of the
older European telescopes such as Lovell
and Noto are being re-surfaced, with new
telescopes coming on-line at Yebes and
in Sardinia.
Willem then listed the options that
would increase the sensitivity of radio
interferometers, and charted a pathway
for EVN towards achieving that.
He showed a number of EVN science
highlights. These included the AGN
B2 1144+35, an HI-absorption proﬁle
towards 1964+708, methanol masers,
and a beautiful image of SS433. Willem
concluded his talk with hearty “Happy
Birthday” wishes to Arecibo from its
sister observatories around the world.
The Arecibo Astrometric/Timing Array
– Robert Brown (NAIC)
ob Brown described the projected
Arecibo Astrometric/Timing Array.
Presently, this is conceived as an L-band
system.

B

With the 305-m telescope alone, an
rms noise in 1 sec of about 0.13 mJy/
beam is expected with the present receivers. However, the L-band confusion limit
lies much higher at a few mJy/beam. A
solution to this impasse would be an
interferometer array, thereby increasing
the angular resolution, and hence lowering the confusion level, while having the
305-m dish as an array element would
still yield high sensitivity performance.
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An out-station antenna of some 30-m
diameter would result in an rms noise of
~0.57 mJy/beam/baseline with the 305-m
telescope. Bearing the confusion limit in
mind, this is already better than would be
achieved with the single-dish by itself
If 4 out-station antennas could be
provided, considering only baselines to
the 305-m telescope, an rms continuum
noise of ~0.3 mJy/beam/sec should
result, or ~5 µJy/beam in an hour. If the
dishes were spread over the island of
Puerto Rico, then the resulting resolution would be about 0.5"×1.0". It would
be possible to connect the out-stations to
Arecibo using optical-ﬁber links. The Lband front ends would have bandwidths
of 300 MHz, and the beam pattern of
a 30-m antenna would encompass all
7 beams of the ALFA front-end on the
305-m telescope. With a 300-MHz
bandwidth, bandwidth synthesis could
be used to enhance the spatial-frequency
coverage.
In respect of the science that could be
achieved with the array;
•

A deep continuum survey could be
undertaken.

•

HI emission/absorption studies could
be undertaken for 0 < z ≤ 0.14, with a
detection level of τ(HI) < 0.1 for HI
absorption against continuum sources
of ~2 mJy for integration times of less
than 1 hr.

•

Studies of the transient sky. The
challenge would be to distinguish
transient emission from radio frequency interference (RFI). The
7 × 2 channels of data acquired via
the ALFA front-end, each correlated
with signals from the 4 out-stations,
would produce 4 × 7 × 2 data streams
for Stokes I data. RFI should not correlate between the 305-m telescope
and the out-stations. Further, a real
signal would only appear in one set
(4 × 2) of the correlations between the
305-m and the out-stations, i.e. those
involving data from a single ALFA
beam.

This project has great relevance to
partnership with the University of Puerto
Rico “recintos” at Arecibo, Humacao,
Mayagüez, Ponce and Río Piedras. Outstation dishes could be used as teaching
instruments when not involved in array
activities.
Increased Sensitivity for Planetary
Radar – Don Campbell (Cornell)
n the part of the Workshop dealing
with Future Instrumentation, Don
Campbell posed the question: “Where is
the next increase in sensitivity to come
from”? He discussed using the SKA for
planetary radar; adding a transmitter station could give a factor of 20 in sensitivity but would cost about $100 million
to build. Other ways are to change the
Arecibo transmitter from S-band to Xband frequency, for $4 million, giving a
factor of 2 or 3, or to use the Canadian
LAR telescope, or transmit with Arecibo
and receive with the VLA or VLBA. The
science drivers are solar system dynamics, small bodies, location of water, and
solar system formation.

I

Spectrometers for SETI – Dan
Werthimer (University of California,
Berkeley)
an Werthimer summarized the
world’s major radio SETI programs
and discussed their observing strategies
and instrumentation. SETI spectrometer
capability has been doubling every year
for the last 25 years. If this trend continues, SETI spectrometers will be able to
analyze a 4 THz bandwidth by 2015 (400
beams of 10 GHz bandwidth each), and
a million beams of 10 GHz bandwidth
by 2030.

D

Werthimer described the low cost
FPGA based SERENDIP V spectrometer
board for applications in SETI, FX correlators, and in pulsar and general radio
astronomy. Each of the new spectrometer
boards processes two polarizations, each
polarization with up to 128 MHz bandwidth and 64 million channels.
SERENDIP V spectrometers are
under constuction for use at Arecibo
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(for GALFA and a multibeam SETI
sky survey), NRAO and Nançay (pulsar
searching and timing), the Allen Telescope Array (FX correlator), and JPL (20
billion channel, 20 GHz SETI survey).
Faraday Tomography – A. Deshpande
(NAIC)
vinash Deshpande (NAIC)
addressed the symposium on the
topic of “Faraday Tomography”. He
pointed out that measurements of Faraday Rotation (FR) against galactic and
extragalactic radio sources can yield
a determination of the magnetoionic
properties of the intervening medium.
However, the background sources against
which FR can be studied are not limited
to discrete objects, but also include the
extended synchrotron emission from the
entire Galaxy.

A

Several extensive surveys have
mapped the band-averaged polarized
intensity from the “galactic background”
at various frequencies using both single
dishes and synthesis imaging. Images
of the net polarization, position angles
and the “apparent” Rotation Measures
(RMs) reveal rich structure over the
whole range of angular scales studied.
FR-induced structures are seen at both
high and low radio frequencies at different galactic latitudes.
As expected, the net background
polarization percentage decreases with
frequency, while the apparent RMs are
rather small compared with those against
compact sources. However, to date, such
studies have derived just a single RM
value per image pixel, this corresponding closely to the RM of the foreground,
which is the dominant contributor to the
polarized emission recorded. Nevertheless, we expect the extended polarized
emission to be well spread in depth along
a given line of sight. Thus, for each image
pixel, different regions (or slabs) of polarized emission at different depths contribute with their respective foreground FR
signatures. What is this signature? It is
contained in the spectral modulation of
the Stokes Q & U signals.
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Desh argued that with an appropriate combination of observing frequency,
bandwidth and spectral resolution
(unavailable from existing surveys), it
should be possible to perform “Faraday
Tomography” for each pixel by transforming the spectral modulations to a set
of linearly polarized (complex) intensities as a function of Faraday Depth (i.e.
RM). In this way, polarized intensity data
cubes (analogous to spectral-line cubes)
could be formed with the axes (l, b, RM).
The RM axis here is closely related to
the “delay” or lag axis in the context
of (say) cross-correlation between
orthogonal circularly polarized signals.
The usual Fourier inverse relationships
apply between, a) the spectral resolution
and the (unaliased) RM range, and b) the
full spectral bandwidth and the resolution
in RM. Both of these properties share a
common, rather steep (∝ f 3) dependence
on the center frequency, f. The angular
beam size and the RM resolution deﬁne
the volume over which depolarization is
unavoidable.
Arecibo offers attractive possibilities
for such studies. At 327 MHz, with 25MHz bandwidth and 1024 spectral channels, one would get an RM resolution of
∆RM ≈ 15 rad m−2, and an (unaliased)
RM range of ≈ 104 rad m−2. If L-band
data, with a 400-MHz bandwidth and 128
spectral channels, can be used in combination with 327-MHz data, ∆RM ≈ 5
rad m−2. (Of course, the raw beam sizes
for the two bands differ, and the higher
frequency data would need to be mapped
and angularly smoothed before combination.) Together, the 7× ALFA beams
would speed up and match the coverage.
Naturally, “beam depolarization” could
be large following the smoothing. However, a recent spatial spectral analysis by
Tucci et al. (2002, ApJ, 579, 607) of the
continuum polarized emission shows an
increase in Stokes Q & U intensity variations with increasing spatial scale size.
Hence, we expect to see a substantial
fraction of the polarization structure in
the extended component, and missing
details at arcminute resolutions may not
hurt so much. Further, Arecibo is a single
dish and samples the crucial low spatial

22

frequencies that are missed in existing
synthesis surveys.
The Editors thank the NAIC staff members who contributed to this article. They
are: Daniel Altschuler, Néstor Aponte,
Avinash Deshpande, Paulo Freire, Jon
Hagen, Alice Hine, Diego Janches,
Mayra Lebrón, Emmanuel Momjian,
Erik Muller, Carmen Pantoja, Shikha
Raizada, Chris Salter, Steve Torchinsky,
and Chris Wilford. A special Thank You!
goes to Chris Salter for his contributions,
careful reading, and revisions. Photos
are by Steve Torchinsky, Jon Hagen, Tony
Acevedo, and Jonathan Friedman.

State of the Observatory
Robert L. Brown

T

he last year has been a time of
change at the Observatory and, with
that change, expectation. Changes have
occurred in all three of the NSF’s intellectual pillars for its facilities: People,
Tools and Ideas. We have seen the formation of a new ofﬁce to promote Observatory education and outreach initiatives,
a new Observatory director, and a new
Observatory management structure. Two
new receiver systems have been made
available to users, one of which is the
revolutionary ALFA multibeam receiver.
And as ALFA consortium members
know, we’ve even been introduced to a
new word, commensal, that describes a
wholesale change in the way in which
radio astronomy survey observations
will be done in the future at Arecibo
(see below).
Let’s start with People. After twelve
years as Observatory director, Daniel
Altschuler has taken on a new responsibility as the founding director of the
Observatory Ofﬁce for the Public Understanding of Science (OPUS). Daniel is
very well known to all Arecibo users as
a person who welcomes challenge and is
prepared, literally, to move the ﬁrst shovelful of dirt to begin a new and ambitious
project. OPUS is just such a project.
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Daniel Altschuler (photo by Tony Acevedo)

During his tenure as Observatory
director, Daniel understood early the
need to communicate the purpose and
excitement of the Observatory research
program to the citizens of Puerto Rico
and to those visiting the site. To answer
this need he sketched the initial architectural concept for a visitor center and he
secured funding for its detailed design
and construction by means of a generous
gift from the Ángel Ramos Foundation.
The Visitor Center was built prior to the
recognition by NSF and other US funding
agencies of the desirability for education
and public outreach programs being an
integral part of the programmatic mission of all research facilities. Daniel’s
vision, and the initiative that followed
from that vision, was well ahead of its
time. Construction of the Visitor Center
was followed by design and construction of the Learning Center, also built
with support from the Ángel Ramos
Foundation. Today, the Visitor Center
and the Learning Center are a source of
pride for all of us at the Observatory and
a focus for the many scientiﬁc meetings
held on site.
Daniel provided the inspiration also
for the north VSQ building, twelve
rooms for visiting scientists and others;
he designed and had built the outdoor
eating area adjacent to the cafeteria; he
designed the Arecibo Observatory logo;
and, to highlight the architectural beauty
of the Visitor Center, he engaged in what
must be the world’s ﬁrst example of line
feed art. Somehow through it all he also
found time to write a popular introduction to astronomy called Children of
the Stars: Our Origin, Evolution and
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Destiny (Cambridge University Press, 2002) and its
Spanish language companion
volume Hijos de las Estrellas. As director of OPUS
Daniel will use all these
skills, scientiﬁc, artistic and
literary, for the beneﬁt of the
Observatory and as an aid in
the outreach objectives of
Observatory users.

the Observatory electronics, computing
and telescope operations departments.
In this capacity, Jon is responsible for
all technical development at the Observatory. He will work with the science
departments to translate their needs into
speciﬁc technical development projects
and to implement those projects through
a prioritization of resources and effort
among the Observatory technical departments.

The new Observatory
director is Sixto González.
Sixto is also a familiar
face at the Observatory having served
as assistant director for the Space and
Atmospheric Sciences program. A native
of Puerto Rico, Sixto attended MIT and
the University of Puerto Rico-Humacao
earning his B.Sc. from the latter prior to
going on to a Ph.D. at Utah State University. He is a NAIC senior research
associate. González is currently serving
a two-year term as chairman of the NSF’s
Coupling, Energetics and Dynamics of
Atmospheric Regions (CEDAR) steering
committee. CEDAR is a NSF program
that seeks to explain how energy is transferred between atmospheric regions by
combining a comprehensive observational program with theoretical and
empirical modeling efforts. He is also
vice chairman of Scientiﬁc Commission
C of the Committee on Space Research.

In addition to these organizational
changes, there have also been several
noteworthy personnel changes. Steve
Torchinsky is the new Head of Astronomy at the Observatory. He will continue
to serve as Project Manager of the ALFA
Project. As ALFA moves into full science
operation a broadening of Steve’s role
as head of astronomy will help to enable
its rapid utilization. Mike Nolan is the
Head of the Planetary Radar program.
With ﬁnancial support of the Observatory S-Band planetary radar facility being
transferred wholly from NASA to NSF
astronomy, so too will the program here
be subsumed in the astronomy department. Mike will provide the leadership
necessary to develop further our planetary radar capabilities.

Sixto is assisted by three individuals
who are responsible for the key service
areas of the Observatory, namely, site
facilities, business services, and technical services. José Maldonado, an
accomplished professional engineer, is
the Assistant Director for facilities with
a record of achievement in this role since
1979. The Observatory business, purchasing and human resources activities
have been combined into a single ofﬁce
to make for increased efficiency and
consistent oversight of all the Observatory business practices. A competitive
recruitment will lead to the appointment
of a business manager to lead this group.
Jon Hagen is the Assistant Director for
Technical Services. This is a new position that provides overall coordination for
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I would like to acknowledge with
special thanks the many years of devotion and dedicated efforts in positions of
leadership made by John Harmon, Chris
Salter and Don Campbell to the success
of the Observatory. John Harmon’s
steady counsel and wisdom as Assistant
Director helped to keep the Observatory
on a steady course throughout many
years of change and expansion. As all
those who propose to use the telescope
know, John also serves as the principal
Observatory contact for the proposal process; he will maintain his responsibility
for this important function. I would also
like to express my sincere appreciation
to Chris Salter for his conscientious and
creative leadership of the Astronomy
Department throughout the post-upgrade
period until the present day in which the
scientiﬁc capabilities of the Observatory
in astronomy grew so rapidly. Much of
the impressive astronomical research
being done at Arecibo now has its roots
NAIC/AO Newsletter

in ideas developed by Chris; his record
of achievement as head of astronomy is
truly outstanding. Chris will now be able
to focus more on his research activities,
and I look forward to working with him
on projects related to the future development of the NAIC.
Finally, on behalf of the entire staff
of the NAIC and its users I would like
to express my gratitude to Don Campbell for his many years of service to the
Observatory, not only as Head of the
Planetary Radar department, but also
as Observatory director, interim NAIC
director and, most importantly of all, Scientist. Don is one of the most widely recognized planetary scientists in the world
whose primary research achievements
come from his unselﬁsh development
of the planetary radar system at Arecibo
that has enabled so much noteworthy science to be done by so many. I am sure
that Don will continue his involvement
as one of the most active NAIC users of
all and we look forward to his continuing
contributions to the Observatory.
Turning to Tools. One of the main
goals of the Gregorian upgrade project
was to enable continuous frequency
coverage at Arecibo up to 10 GHz. Previously, frequencies up to 6 GHz were
covered by a suite of receivers, and frequencies from 8 to 10 GHz were covered
by an X-band receiver constructed as part
of the Gregorian upgrade project. But
there remained a gap in the very important 6-8 GHz range. That gap has now
been ﬁlled by a new dual-beam receiver
designed by Jagadheep Pandian, a graduate student in astronomy at Cornell
University. Indium phosphate MMIC
ampliﬁers for the receiver were provided
courtesy of Dr. S. Weinreb and N. Wadefalk. These units have excellent input
match over the full frequency range, are
exceptionally stable, and have a noise
temperature close to 3 K at a physical
temperature of 15 K. The overall project
was supervised by Paul Goldsmith.
The 6–8 GHz frequency range
includes important spectral lines, notably the 51 – 60 A+ transition of methanol
(CH3OH). In addition, source confusion
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at these frequencies is less than typical
atmospheric fluctuations; this means
that for radiometer-noise limited observations some sort of switching system
is required. To this end, the 6–8 GHz
receiver was designed as a dual-beam
system, with two independent beams
separated by 7 beam widths. Presently
the receiver has only one channel; when
the second channel is completed it will
become a very powerful receiver for
continuum radio astronomy. Proposals
are being accepted now for observations
with the 6-8 GHz receiver.
The Arecibo L-band Feed Array
(ALFA) is a seven feed, 14 channel,
system that will facilitate large-scale
surveys of the sky to be conducted with
unprecedented sensitivity and speed.
The frontend of the receiver system
was built under contract to the Australia Telescope National Facility, a group
experienced with a similar system on the
Parkes telescope. The NAIC participated
actively in the design of the frontend. It
was installed on the telescope in April
and is now well into the commissioning
process.
And now, Ideas. The ALFA survey
science project has been organized into
three main themes, each having a community of scientists. The three topics
are Pulsars, Extragalactic studies, and
Galactic studies. The communities are
organized as science consortia in these
respective areas. Since ALFA is a wide
format radio camera, it will be used to
make extensive maps, or surveys, of
the sky. There are many parameters
to choose for a survey including bandwidth to be sampled, spectral resolution, desired dynamic range, and speed
at which data should be taken. The
desired capabilities for each consortium
science subtopic have been established
and were used to deﬁne the speciﬁcations for the backend spectrometers.
The ALFA backend spectrometers, one
tailored to the needs of each branch of
science, are being designed and built as
a collaboration between the NAIC and
the ALFA science consortia members.
Ultimately, the goal is to schedule the
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telescope such that two or more surveys
can be conducted at the same time. This
commensal* observing, in principal, multiplies the telescope time used for science
by a factor of two or more.
Software development for the consortium ALFA surveys also will be done
as a shared task between NAIC in-house
efforts and consortium efforts done by
individuals at their home institutions.
Survey program scheduling, data taking
and data validation are responsibilities
of the consortia. Such a shared effort
between NAIC and its community of
users on extremely large survey projects
is a model new to radio astronomy in
the U.S., and as such, development of
the details of that model are discussed,
reﬁned and agreed in a common forum
involving participants from each of the
consortia and from the NAIC. The forum
for these discussions is called the ALFA
System Advisory and Planning committee (ASAP) that meets monthly by
teleconference and serves an executive
function for the ALFA survey projects.
As a large collaborative project
between NAIC and the community
consortia, ALFA is not a project done
for the community by NAIC but rather
it is a project done with the community.
Because many of the ALFA surveys will
take many years to complete, it is important now to spend the time necessary to
develop confidence that the survey
observations will be successful and lead
to a legacy database that will be useful to
researchers for many years to come. The
ASAP committee is the tool used to provide that assurance. Discussions over the
next few months will deﬁne the pathway
to the future for the ALFA survey projects
and perhaps also for a new relationship
between the national astronomy center
and its community of users.

*[Commensal: (Biology) A relationship in which two
or more organisms live in close attachment or partnership and in which one may derive some beneﬁt but
neither harms nor is parasitic on the other. (source:
Webster’s II New College Dictionary, 1995)]
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REU Summer 2003
Carmen Pantoja

E

ight students were selected for the
2003 REU Summer Student program
at Arecibo Observatory from a pool of
130 applicants. The 2003 students were
from different universities in the U. S.
and British Columbia. In addition, NAIC
supported two students (an undergraduate, Nerlyn Echevarría and a graduate,
Romina Nikoukar), and we had 2 visiting
graduate students (Mike Nicolls, Cornell
University, and Michael Jouteux, École
Normale Supérieure of Lyon, France)
who came with other funding. We also
had a middle school science teacher
working at the Visitor Center and in
the teacher-training workshop with José
Alonso.
This summer was saddened and
deeply affected by a tragic fatal accident
to two young students, one of whom was
an REU student. The program had to be
rearranged due to these events, which
occurred at the very beginning of the
summer, and it was only possible to
complete the student program thanks to
the collaboration and dedication of the
whole staff at the Observatory.
All of the students were able to
acquire experience with observations,
either as part of their individual research
projects or during the hands-on project
of their choice. The amount of telescope
time scheduled for particular research
projects varied. The hands-on projects
meant that all the students worked
through the process of preparing for
observations, data taking, data reduction
and interpretation. Each hands-on project
was scheduled 2hr of telescope time and
the students prepared short presentations
of the results at the end of the summer.
The astronomy students presented the
results of their summer research at the
203rd Meeting of the American Astronomical Society in Atlanta, Georgia, in
January 2004.
The staff prepared a series of lectures,
which gave the students an introduction
to radio astronomy and atmospheric sci-
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ences. The lectures were complemented
by guided tours of the observatory facilities that gave them a unique opportunity
to see the applications and instrumentation referred to in the lectures. Each student was presented with two textbooks:
“An Introduction to Radio Astronomy”
by Burke and Graham-Smith and “The
Solar-Terrestrial Environment: An
Introduction to Geospace the Science
of the Terrestrial Upper Atmosphere,
Ionosphere and Magnetosphere” by
Hargreaves. During this summer, Joe
Taylor and Joel Weisberg were scheduled
telescope time for a project and visited
the Observatory. The students were
delighted to be able to learn about their
project and talk with them personally
during the nights when they were observing. Another visitor was a former NAIC
summer student (1974), Randy Kimble,
currently at NASA/Goddard Space Flight
Center. Randy gave the students a talk on
his work at NASA, which also included
some memories of the time when he was
a summer student.
All members of the observatory staff
were helpful with the extra program for
the students, in particular Mayra Lebrón,
Diego Janches, Paulo Freire and Luis
Murray. One of the new opportunities
for entertainment this summer was a

weekly ﬁlm as part of the “Noche de
Película” series. Each Thursday evening
an international ﬁlm is presented at the
Visitor Center auditorium at the Observatory. Another extracurricular activity was
scuba diving. All the summer students
took scuba diving lessons and became
certified. Diego Janches organized a
weekend trip to the island of Mona,
which the students enjoyed very much.
Some of the students already knew Spanish and were able to practice their spoken
skills with staff and employees. Others
took salsa lessons, which they put to
practice at the Patron Saint Festival of
Hatillo, to the rhythms of one of Puerto
Rico’s best salsa groups. We had a tour
of Old San Juan in which the visit to the
“El Morro” fortress was a favorite. The
students joined observatory employees
and their families on a day excursion to
La Parguera in Lajas organized by the
A.O. Kayakers Club. We also had the
visit of the former REU director at Arecibo, Jo Ann Eder, and during the time
she was at the Observatory she helped
organize a hike to the “El Yunque” rain
forest and a trip to the beach at Arecibo
for the 4th of July.

Participants in the Arecibo summer program (REU and other). From left to right (top): Adam Mott, Matt Phillips, Michael Jouteux, Graham Alvey, JoAnn Eder, Elizabeth Schmidt, Akshaya Deshpande, (bottom): Mike
Nicolls, Jackie Hodge, Catherine Neish, Coral Wheeler, Romina Nikoukar, Nerlyn Echevarría.
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2003 SUMMER STUDENT PROJECTS
Supported by NSF REU Funds:
Graham Alvey (University of Illinois,
Urbana-Champaign) worked with Sixto
González on a project using the Arecibo
Observatory incoherent scatter radar
capabilities to probe the ionosphere.
Graham studied how to determine the
velocities of O+ and H+ plasmas when
the respective ion is the majority species
and also how to assign the error bars for
the measurements and calculations. His
project involved programming with
ASP and MATLAB. Graham attended
the CEDAR workshop in Longmont,
CO, in which he had the opportunity to
get a broad introduction to the ﬁeld of
atmospheric sciences.
Jaqueline Hodge (California Polytechnic State University), together with her
advisor Avinash Deshpande, worked on
a project that consisted of Monte-Carlo
simulations to examine the statistical
description of the HI density distribution
in the interstellar medium were it to be
driven entirely by supernova explosions.
Two different approaches with many
simplifying assumptions were explored,
including one in which a detailed evolution was followed. Possible sensitivity
of the results to certain assumptions was
assessed. The power-spectral description of the simulated 3-d distributions
revealed a red power-law nature in almost
all the cases, with power-law slopes in the
range −4 to −2.5. Jaqueline developed the
necessary simulation software as part of
her project.
Adam Mott (Arizona State University)
searched for new pulsars within several
data sets from observations of globular
clusters at 327 MHz with his advisor
Paulo Freire. Adam worked with three
data sets: observations of M13 and M5
from May 13, and an observation of M5
from May 30, 2003. These searches
were conducted by varying two parameters: the dispersion measure and lineof-sight acceleration. To visualize the
search results in both parameters, Adam
wrote a Java program that creates gray-
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scale plots of signal-to-noise ratio as a
function of both dispersion measure and
acceleration for each suspect periodicity.
These searches resulted in several asyet unconﬁrmed new pulsar candidates
in M5, including a 2.141-ms candidate
at a DM of 29.12 cm-3 pc, a 2.144-ms
candidate at a DM of 29.64 cm-3 pc, a
10.352-ms candidate at a DM of 29.68
cm-3 pc, and a 1.343-ms candidate at a
DM of 29.12 cm-3 pc. Each of these candidates appeared in one observation for
some nonzero line-of-sight acceleration
and for a range of dispersion measures.
Work continues to try and conﬁrm these
candidates by detecting them in more
than a single observation
Catherine Neish (University of British
Columbia) worked on several aspects of
analyzing radar astronomy observations
of asteroids under the joint supervision
of Ellen Howell and Mike Nolan. She
investigated ﬁtting techniques to use the
ephemeris information after the observations to correct for image drift from frame
to frame. She also compared the results of
different calibration methods. Catherine
also analyzed radar images of the asteroid 5381 Sekhmet, observed at Arecibo
Observatory during its close approach to
Earth in May 2003. These images show
the presence of a previously unknown
asteroidal satellite. This is the seventh
binary system detected by radar within
the near-Earth asteroid population. Based
on range extents at 45-m resolution, she
ﬁnds the average diameters of the two
asteroids to be 1000 m and 300 m, with
rotation periods of 2.7 ± 0.4 h and 10 ± 2
h, respectively. She estimates the orbital
period of the binary to be 12.5 ± 0.3 h,
with an orbital radius of 1.54 ± 0.12 km.
The orbital velocity of the secondary was
measured to be 0.215 ± 0.012 m/s. The
rapid rotation rate of the primary indicates that the viewing geometry must be
nearly equatorial. These measurements
imply a density of 1.98 ± 0.65 g/cm3 for
the asteroids, assuming a circular orbit,
and the same composition for both primary and satellite.
Matthew Phillips (University of Colorado) studied the Seasonal Variations of
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atmospheric gravity waves through the
use of the resonance lidar facilities and
data. Matthew wrote and modiﬁed IDL
programs to read, process and analyze
Na and K lidar data. The data were used
to investigate seasonal variations at Arecibo over the past 3 years. He had the
opportunity to work at the lidar lab and
participate in Na and K resonance lidar
measurements with his advisor Shikha
Raizada. Matthew also attended the 2003
CEDAR conference.
Kristopher Reilly (New College of
Florida) was jointly supervised by
Tapasi Ghosh and Chris Salter. His
research was to focus on the 430-MHz
continuum mapping of a region within
Loop I (the North Polar Spur), where a
semi-circular emission arc is superposed
upon the larger feature, showing apparent
interaction. This arc is likely to represent the remnant of a second-generation
supernova resulting from star formation
within the compressed cool shell of the
Loop I supernova remnant. As such, the
object is a promising candidate for the
“reheating event,” which has often been
invoked to explain the X-ray emission of
Loop I. The map has a ten-fold smaller
beam area then any previous survey of
the interaction region, and should aid
understanding of the nature of the arc,
and its relation to Loop I.
Elizabeth Schmidt (Carthage College)
used the Arecibo Standard Point Source
Catalog and the Atlas of Galactic Neutral Hydrogen by Hartmann and Burton
(1997), to find high velocity clouds
(HVC’s) and intermediate velocity
clouds (IVC’s) that were located within
± 1° of strong continuum sources. Elizabeth was supervised by Mayra Lebrón
and Carmen Pantoja. Once Elizabeth had
located the clouds, she found the peak
emission along with their approximate
sizes, and central velocities. All information on each cloud was then recorded in
a table according to the ﬂux density of
the adjacent continuum source. This list
will be used for a search of molecular
emission from HVC’s. The second part
of Elizabeth’s project this summer was
to reduce the HI data for observations
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she made of HVC W57. The data were
reduced using IDL and aogridzilla, and
a map of the HVC was made.
Coral Wheeler (University of Akron) was
supervised by Avinash Deshpande. Her
project consisted of a review of the coherent dedispersion procedure and the key
approximations made in the applications
to the high radio-frequency observations
of pulsars. Analytical expressions were
rederived, now to include also the next
order terms that were ignored earlier,
with a view to reﬁning to procedures to
open the possibility of high time resolution studies of pulsars at decameter wavelengths. It was seen that the extra terms
do reduce the residual dispersion smearing considerably, and would allow even
micro-structure studies for a few nearby
pulsars. Suitable FFT-based software was
developed/conﬁgured for application to
some pulsar data from direct sampling
systems at AO and elsewhere.
Supported by Other Funds:
Nerlyn Echevarría (University of
Puerto Rico-Mayagüez) worked in the
development of software to improve the
automation of the data-taking process of
the existing clock comparison system for
the atomic clocks and timing devices of

the Arecibo Observatory. Nerlyn was
supervised by Calixto Rodríguez. Her
application was based/written in C language and Microsoft Basic running under
a Windows environment. In this set-up a
PC is connected to a Universal Counter
(HP) using a GPIB interface cable. The
Universal Counter is connected to the
timing distribution device (multiplexer)
that takes the timing signals from a plurality of clocks. The information is used
to determine the operational stability of
the timing/frequency standards (timing
devices) of the Arecibo Observatory on
a daily basis.
Carlos Trinidad, is a physics teacher
from the Daskalos private middle
school in San Juan and was selected as
the 2003 teacher in residence and worked
with José Alonso. He spent eight weeks
at the Observatory developing a handbook of 30 hands-on activities using the
TI-83 graphing calculator for physicalscience teachers. These activities were
implemented during the two-week Ángel
Ramos Foundation teacher workshop at
our Learning Center. As part of the
workshop, Carlos coordinated two ﬁeld
trips to the Caño Tiburones wetland.
Participating teachers used the graphing calculator and the CBL interface
to measure physical parameters such as

temperature, salinity, water ﬂow, pH, and
oxygen content of the ecosystem. At the
end of the workshop, each teacher gave
a presentation regarding the results of
his/her investigation.
Romina Nikoukar (University of Illinois,
Urbana-Champaign), was involved in a
project simulating the next Arecibo
World Day experiment. Her supervisor was Mike Sulzer and their goal is to
develop a technique that will allow the
very accurate computation of parameters
such as temperature and composition;
that is, they want the results to have very
low bias, but do not want to sacriﬁce the
speed of the measurements any more
than absolutely necessary. The project
used linear regularization to invert the
“measured” lag profiles, yielding the
underlying process, the lag proﬁle that
would be measured if it were possible to
use a very short radar pulse. It was necessary to develop modulating waveforms
for the radar that would give “measured”
lag proﬁles that can be inverted without
a large increase in noise. The simulation
used amplitude-modulated sequences for
this purpose, although phase modulation
could probably be used as well. Romina’s
project will continue as graduate work at
the University of Illinois.
Michael Jouteux (École Normale
Supérieure, Lyon, France) worked on
a project with Avinash Despande that
investigated a long ignored technique of
possible direct deconvolution to resolve
complex one-dimensional proﬁles (e.g.
pulse and spectral-line proﬁles). Apart
from removing instrumental- and propagation-related smoothing, the possibility of partial direct deconvolution of the
proﬁle was considered to resolve proﬁles
beyond the intrinsic width of the components. Michael determined suitable
criteria to guide the iterative procedure
developed for this purpose. A wide variety of complex proﬁles were simulated
and subjected to this procedure, to assess
its the strengths and limitations. As part
of his project Michael developed the
necessary software tools.

The 2003 students went to Mona for a scuba diving trip, ably guided by Diego Janches.
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Tanamá River Tragedy:
n June 21st 2003, a fatal accident
occurred when two undergraduate students lost their lives: Kristopher
(“Kit”) Reilly an REU student from
New College, Florida, and Mike Ewers,
a student from Carleton College visiting
with Joel Weisberg to help with pulsar
observations.

O

On that tragic afternoon, around
3:00 p.m., Kit, Mike and another REU
student decided to take a hike to the
Tanamá River that runs behind the Arecibo Observatory facility. Before they
started, the students informed the observatory guards they were going there (as
they had been instructed to do). Around 5:
00 p.m., one of the students came back to
the guardhouse to inform the guards that
the other two were missing. The guards
called 911, and the search for them was
initiated that evening and continued
throughout the night by the state Emergency Management Agency and Search
and Rescue team. Bodies of Kit and Mike
were discoved trapped inside underwater
caves on 22nd and 23rd June.
The parents of the missing students
were contacted on June 22. On that day,
the other 7 REU students met with 2
social workers and 2 psychologists from
Blue Cross PR. On June 22 the parents
of Kristopher Reilly arrived at the Observatory. On June 23, two psychologists
specializing in crisis counseling arrived
from Cornell University and met with
the students and the parents over several
days. The parents of Michael Ewers
arrived on June 24.
Following the recommendations of
the psychologists, the Observatory took
several steps to help the students and the
entire observatory “family” to deal with
this tragedy.
We had a memorial service at the Visitor Center with the Ewers family present
on June 26. NAIC and its staff paid for 4
students to attend the memorial service
in Florida for Kristopher Reilly, June 28.
Another memorial service for Kit was
held on July 1st at the Visitor Center,
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which the students helped organize and
which all the staff were able to attend.
Kit was a remarkable person who became
close to many people at the Observatory
during his short time there.
The students were offered the opportunity to extend their stay at the Observatory in order to complete their projects.
The psychologists from Cornell were
on call. We contacted the home departments of all the students so that when
they started their classes their professors
knew what had happened and also so the
students could meet with a counselor
upon arrival, if necessary.

Selected Radio Astronomy Highlights
Compiled by Chris Salter

this would be a most welcome increase
in the statistics of double neutron star
binaries, prime targets for gravitational
wave detectors such as LIGO. Assuming two 1.3 M§ objects, they calculate
a coalescence time due to gravitational
radiation of 50 Gyr.
The observations taken so far show
that the source scintillates strongly, as
expected given the low DM and location in the Gould belt (a dense region
of atomic and molecular gas containing
young stars). They expect variation in
the scintillation timescale due to orbital
motion, as the mean speed of the pulsar
in its orbit is 134 km s−1. Timing observations will determine the astrometric, spin
and orbital parameters of the system to
high precision and are expected to be able
to measure the relativistic advance of
periastron (expected value 0.3 deg yr−1)
as well as other post-Keplerian parameters in the near future.

Discovery of a New Double Neutron
Star System
avid Champi on, Dunc Lorimer &
327-MHz Observations of Globular
Maura McLaughlin (Jodrell Bank)
Clusters
have found a new binary pulsar in a Gregorian dome drift-scan search for pulsars, As part of the summer project of Arizonaundertaken with Jim Cordes (Cornell) & State REU student Adam Mott, 3 globuZaven Arzoumanian (Goddard) in 1998. lar clusters (M3, M5 & M13) have been
The new pulsar, J1829+24, has a period observed at 327 MHz, with the aim of
of 41 ms and a dispersion measure of studying the emission of their known pul14 cm−3 pc. It was conﬁrmed on June 3, sars at this frequency and possibly ﬁnding
2003. This observation showed that the new objects. These objects lie far from
barycentric period had changed signiﬁ- the disk of the Galaxy, and are thus ideal
cantly since the discovery observation, targets for low frequency surveys; the sky
a likely indication that J1829+24 is a temperatures are much lower than near
the Galactic disk and the pulsar DMs are
member of a binary system.
Using small slots of time
generously donated by Joe
Taylor & Joel Weisberg
during their observations
later in the summer, the orbital
parameters of J1829+24 were
determined. The ﬁtted orbit
(Fig. 1) is mildly eccentric
(e = 0.14) with a projected
semi-major axis of 7.23 light
sec and orbital period of 1.17
days. These parameters imply
a minimum companion mass
of 1.3 M§, implying that this
Figure 1: Barycentric periods of J1829+24 folded at the binary period.
is most likely a double neu- The line shows the best ﬁtting orbital solution to the data (see text).
tron star system. If conﬁrmed, (Courtesy: Dunc Lorimer)
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also quite low, minimizing the dispersive
smearing per channel. All of the clusters
targeted had previously known pulsars,
further simplifying searching for new
pulsars, as the objects in each cluster have
very similar DMs. If such conditions are
fulﬁlled, then one can take full advantage
of a 327-MHz survey; this stems from the
large bandwidth now being used at this
frequency and the spectral index of the
pulsars themselves. These surveys are
complementary to earlier ones at 1400
MHz, as they probe different pulsar populations. A survey at 327-MHz is more
sensitive for pulsars with spectral indices,
α < −1.8, while that at 1400-MHz is more
suited to pulsars with α > −1.4.
The data were analyzed using two
different pulsar search packages. Paulo
Freire (NAIC) & Mott used SIGPROC,
developed at Arecibo by Lorimer, with
new routines written by Mott. Ransom &
Hessels (McGill) used PRESTO, developed at MIT and McGill by Ransom. Part
of the aim is to compare the performance
of these two packages, which can both
carry out acceleration searches. If a
pulsar is a member of a binary system,
then its frequency can vary considerably
during the long integrations (typically of
the order of one hour) needed to detect
very faint pulsars in clusters. Therefore,
the technique normally used to ﬁnd pulsars in a dedispersed time series (Fourier
transform + harmonic folding) is unlikely
to detect binary systems in long integrations, as the power from the pulsar is
spread over many spectral bins.
For M3, while none of the 4 known
pulsars discovered at L-band were
detected, PRESTO and SIGPROC came
up with distinct sets of candidates. These
still require conﬁrmation, as only one
327-MHz observation of M3 has been
made to date. One of the candidates
detected by PRESTO, with a repetition
period of 4.83 ms, is almost certainly a
real pulsar.
For M5, both PRESTO and SIGPROC detected the known pulsars, A
& C. SIGPROC produced a different
set of candidates for each observation, and thus did not conﬁrm any new
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pulsar. PRESTO did ﬁnd a new 2.988-ms
pulsar in the data (PSR J1518+0204D),
which was observed in both of the M5
observations. This was also detected by
SIGPROC, although it lies below the
nominal signal-to-noise ratio threshold
of 9. On both detections, the candidate
showed a reasonably narrow pulse,
persistent broadband emission, with a
dispersion measure very similar to that
of the cluster, and signiﬁcant acceleration as observed from the solar system
barycenter. It is safe to conclude that it
is a member of a binary system, and with
only a few more observations it should
be possible to determine an accurate orbit
for the system, using the technique developed by Freire, Kramer & Lyne (2001,
MNRAS, 322, 885).
For M13, both SIGPROC and
PRESTO detected the known pulsars A
& B with high signal-to-noise ratio, but
no new pulsars or candidates. Pulsars
C & D of this cluster were recently discovered at L band and were not detected
at 327 MHz, indicating that their spectra
are probably ﬂatter than those of most
pulsars.
It is now planned to determine the
orbit of the new pulsar in M5 at 327MHz and to obtain a timing solution.
Reobservation of M3 is also planned, to
try and conﬁrm the 4.83-ms candidate.
This survey will soon be extended to M53
and M15, and possibly other clusters in
the Arecibo sky within which no pulsars
are known. The new observations will
be longer and will use baseband recording, allowing complete elimination of
the effects of dispersive smearing. This
will render the survey sensitive to submillisecond pulsars, or pulsars with very
narrow pulse proﬁles.
Update on the Timing of PSR
2016+1947
PSR J2016+1947 was discovered in the
Arecibo 430-MHz Intermediate Galactic
Latitude Survey (Navarro, Anderson &
Freire, 2003, ApJ, 594, 943). This 65-ms
pulsar is part of a binary system with a
0.3-M§ white-dwarf companion and a
635-day orbital period. Previous timing
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measurements from the end of 1997 to
the end of 1999 gave incomplete orbital
phase coverage. New timing measurements by Paulo Freire (NAIC) made
since Jun 2002 have already covered
a signiﬁcant portion of one orbit with
rotational phase connection. This has,
in turn, allowed an unambiguous count
of the pulsar rotations between 1999 and
2002, and it can be conﬁdently stated that
a global phase-connected timing solution
has been ﬁnally obtained.
The period derivative is
4.057(2) × 10−19, indicating a characteristic age of 2.5 Gyr, i.e., the binary is quite
old and has already orbited the Galaxy a
few times. The timing solution has also
enabled conﬁrmation of the orbital eccentricity, e = 0.00148057(8).
Wide binaries containing a recycled
pulsar and with low orbital eccentricities
have been used to set severe constraints on
any violation of the Strong Equivalence
Principle (SEP, see Wex, 1997, A&A 317
976 for an up-to-date discussion), which
are stricter than can be derived from fast
double neutron star systems like PSR
B1913+16. SEP is a fundamental prediction of general relativity, and states
that the fundamental identity of inertial
and gravitational masses (mi and mg)
applies to objects with signiﬁcant selfgravitational energies.
The best pulsar-white dwarf binary
systems to look for the deviations from
SEP predicted by alternative theories
of gravitation are those that maximize
Pb2/e, where Pb is the binary period. This
ﬁgure-of-merit is 4 times better for PSR
J2016+1947 than for any binary system
with published parameters in the literature.
An even better system for this purpose
is PSR J0407+1607. Recently, Lorimer
(Jodrell) has obtained a coherent timing
solution for this system, showing it to be
recycled. This system is 7 times better
than any previously published binary
system for testing SEP violation. Conservative calculations by Lorimer can
reproduce the results in Wex (1997), and
indicate that taking these two new bina-

NAIC/AO Newsletter

we detect”? This project has
involved both theoretical
8×10
and observational work to
determine which of several
6×10
proposed radio emission
processes is correct. Jim
4×10
Weatherall (NMT) has
developed a detailed model
2×10
for the conversion of the
energy of relativistic particle
0
beams emerging from the
0
2
4
6
magnetic polar cap region
Time (µs)
of a pulsar to radio radiaFigure 2: A single giant pulse detected at 4990 MHz, whose maximum
5
amplitude reached 10 Jy. The pulses that are particularly powerful tion. In his model, emission
tend to be shorter than the typical giant pulse. At the half-power point in strong plasma turbulence
this pulse is only a few tens of nanoseconds wide. (Courtesy: Tim is associated with the nonHankins)
linear localization of electrostatic wave energy in the
ries into account diminishes the upper
plasma
source
region, and the subsequent
limit of Δ ≡ 1 − mg/mi from the previous
explosive
collapse
of wave packets that
limit of 0.004 (Wex, 1997) to 0.001. This
takes
place
over
several
wave oscillation
diminishes the allowed theory space for
periods
(Weatherall,
1998,
ApJ 506, 341).
tensor bi-scalar theories by a similar
factor, and strengthens general relativ- His numerical modeling of the process
ity as the only theory that can correctly predicts nanosecond radio bursts and
describe the observed motions of all quasi-periodic structure due to resonant
coupling between the plasma and radiaknown binary pulsars.
tive modes on the time scale of 1–3 ns.
4

Power (Jy)

4

4

4

Nanosecond Pulses Detected from the
Crab Giant Pulses
For several years the pulsar group at New
Mexico Tech has been working on the
question, “How is the rotational energy of
a pulsar converted to the radio signatures

To test this hypothesis, Tim Hankins,
Jeff Kern, Jean Eilek & Jim Weatherall
(NMT) designed
a data acquisition system
capable of

Figure 3: The total intensity for a sequence of giant pulses is shown, plotted
with a time resolution of 0.25 µs. These pulses were recorded over an interval
of about 15 minutes at 5500 MHz with a 500-MHz bandwidth. The left edge of
the time axis for each pulse is synchronized exactly with the pulsar’s predicted
rotational period; the jitter in pulse rotational phase or the time of arrival from
one pulse to another is several hundred µsec. All of the pulses are normalized
to the same plotted height. Many different pulse shapes are seen, with some
components being unresolved, even when plotted with no smoothing. (Courtesy:
Tim Hankins)
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Nyquist sampling a 0.5-GHz bandwidth.
They chose to observe the occasional
“giant pulses” from the Crab Nebula
pulsar, as these are the brightest pulsar
signals at frequencies high enough to
avoid the temporal smearing caused by
multipath propagation through the turbulent interstellar medium (ISM). After
extensive testing at the VLA and GBT,
they moved the system to Arecibo to take
advantage of the wideband receivers and
feeds afforded by the Gregorian optics.
There are several parts to the system.
First, the detected signal from the pulsar
is averaged to determine the pulse phase.
Then a logic “window” is set, which is
synchronous with the pulse and centered
on the main pulse or interpulse. When the
detected signal exceeds a preset threshold
(indicating the presence of a giant pulse)
a high-speed digital oscilloscope is triggered at the end of the window. Since the
oscilloscope is sampling continuously,
the trigger is used to command the stop
time for the sampling. The data are then
passed to a general purpose computer
for archiving. The time smearing effects
of dispersion are removed by software
coherent dedispersion.

Figure 4: The intensity, polarization and time structure of nanopulses. The upper
panel shows details of pulse 3 of Fig. 3, plotted here with 2-ns resolution. Sections
of 100-ns duration showing the polarized ﬂux from six of the nanopulses, labeled a.
through f., are plotted below with left circular polarization upward and right circular
polarization downward, also with 2-ns resolution. The rms noise level is 18 Jy. At this
frequency the temporal smearing due to multipath propagation through the turbulent
Crab nebula and interstellar medium is negligible. (Courtesy: Tim Hankins)
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This team have observed the Crab
“giant pulses” at 3.5, 5.5 and 8.5 GHz
(Hankins, Kern, Weatherall & Eilek,
2003, Nature, 422, 141). At the upper
two frequencies, the ISM scatter broadening (which scales approximately as
ν−4) is less than their 2-ns resolution.
Depending upon the state of refractive scintillation, in a typical session
from zero to several dozen pulses are
recorded. The “giant pulse” durations
are usually less than 1 µs, and their
arrival times jitter over several hundred
µs around the peak of the average pulse.
They have seen pulses as strong as 105 Jy
(Fig. 2), and some pulses show isolated,
circularly polarized nanostructure which
is thus far unresolved (Figs. 3 & 4). The
apparent brightness temperature exceeds
1038 K, which, of course, substantiates
the coherent nature of their origin. The
plasma structures responsible for these
emissions must be smaller than 1 meter
in size, making them by far the smallest
objects ever detected and resolved outside of the Solar System, and the brightest
transient radio sources in the sky.

result of Pop-III stars at redshifts 20–30,
and these would provide the necessary
ingredients for CO molecules at z ~ 10.
The recent astrophysical literature is
bursting with theories and speculations
about the timing and effects of the ﬁrst
stars on the ionization state and metal
enrichment of the intergalactic medium,
along with the calculation of the coalescence of the ﬁrst dark matter halos of
sufﬁcient mass to host genuine protogalactic star bursts, whose collective ionizing ﬂux is adequate to fully reionize the
IGM. The ﬁnding of a signiﬁcant GunnPeterson trough at z ~ 6 (Penterici et al.,
2002, AJ, 123, 2151), combined with
WMAP detection of substantial ionized
IGM at redshift z = 17 ± 4 (Spergel et
al., astro-ph/0302209), necessitates that
reionization be a complex process, either
prolonged or occurring in two episodes
(e.g., Cen, astro-ph/020473/0303236,
Hui & Haimon, astro-ph/0302439).
A summary of the time sequence goes
as follows:

Weatherall has predicted distinct
shapes for the nanopulses. To test his
model further, this team are planning
higher time resolution measurements
to take advantage of the full 2-GHz
bandwidth of the C- and X-band feeds,
and in 2004 they hope to reach 0.5-ns
resolution.

1. After Recombination, the baryons cool adiabatically as the Universe
expands, bringing the kinetic temperature of the IGM below that of the CMB
temperature. The dark matter gradually
grows structure through gravitational
ampliﬁcation of the faint density ﬂuctuations imprinted upon it prior to
Recombination.

A Mini-Survey for CO Emission at
Redshifts > 10
Frank Briggs (ANU, Australia), Phil
Perillat & Chris Salter (NAIC) have conducted an exploratory program to place
limits on faint spectral signals from the
radio sky at λ3-cm, a wavelength band
corresponding to the CO (1–0) transition
at redshift, z ~ 12. The signal could result
from, (1) the spatial correlation of the ﬁrst
collapsing mini-halos on size scales that
eventually become large scale structure
at z = 0, or (2) groupings of collapsed
structures in the non-linear regime, as
protogalaxies ﬁrst ignite. Some popular
scenarios have a widespread base-level
of metal enrichment already in place as a

2. Some argue that supermassive PopIII stars form at redshifts 20-30, yielding a widespread base-level of metals of
around 10−3 solar to the IGM by redshift
10 (Gnedin et al., astro-ph/0106110).
These metals are observed in the ionized Ly-α forest at z ~ 3 (Rauch et al.,
1997, ApJ, 481, 601), but the ﬂux of ionizing photons from the Pop-III stars must
compete with the recombination rate of
the still dense IGM at z > 20, which can
recombine if the Pop-III population is
short lived. If a substantial fraction of
the IGM is neutral, photons capable
of dissociating CO molecules do not
propagate, and any CO that might form is
shielded and long lived. (Others ﬁnd that
the earliest onset of metal enrichment can

April 2004, Number 37

32

begin at z = 14, but it is probably heaviest
from z = 12 to 5, see Scannapieco et al.,
astro-ph/0201463, which is the period
when vigorous starbursts form in genuine protogalaxies.)
3. During the linear regime of gravitational collapse, after Pop-III but prior
to star formation that occurs in protogalaxies, the growing `sub-’ or `mini-halos’
trap and compress baryons to begin the
process of reheating. At the same time,
the sub-halos begin to group together to
form the ﬁrst hints of the structure that
will grow into large scale structure by
z = 0.
This period receives special attention
by radio astronomers since modeling of
the radiative transfer in the λ21-cm line
indicates that brightness fluctuations
should appear in the radio sky around
140 MHz, amounting to some tens of
mK on angular scales of an arcmin and
frequency resolution of a MHz (Tozzi et
al., 2000, ApJ, 28, 597; Iliev et al., 2002,
priv.comm/preprint). Detection of signals
at this level is exceedingly difﬁcult due to
the brightness of the low frequency radio
sky, the presence of a variety of confusing foregrounds, the likelihood of severe
RFI, and the astrophysical complexity of
decoupling the HI spin temperature from
the CMB radiation ﬁeld, so that there is
brightness contrast between high redshift
IGM clouds and the CMB. There is, of
course, considerable incentive to try, due
to the primordial and ubiquitous nature
of hydrogen, but no telescope yet exists
with appropriate sensitivity.
On the other hand, sensitivities to
brightness temperatures of a few mK on
sub-arcmin scales are easily within reach
of existing single-dishes operating at cm
wavelengths. This provides the incentive
for exploratory observations.
4. Considerable attention has been
given to detection of CO molecules
from the bright star-forming regions in
protogalaxies that would result from
non-linear gravitational collapse that
follows (Silk & Spaans, 1997, ApJ, 488,
L79; Gnedin et al., astro-ph/0106110).
These studies emphasize the emission in
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the high order CO transitions at levels
as high as 10 mJy, which will allow
ALMA to image primordial galaxies
to z = 10 and beyond “provided they in
fact are present” (Silk & Spaans, 1997).
However, the projected completion date
of ALMA is ~2010.
The present observations used a
‘Park-n-Drift’ (PnD) technique, in which
a limited 10-min RA strip was scanned
repeatedly at constant dec. Each ‘PnD’
cycle began by parking the telescope
just to the west of a speciﬁc, moderately
bright continuum source. Then the
telescope was allowed to drift for 10
min, with spectra dumped every quarter
beamwidth (every 0.5 s), ﬁrst crossing
the continuum source to verify pointing
and system stability from day to day.
The X-band receiver covered the
band 8.725–8.925 GHz with 4 × 50-MHz
spectrometer bands in both polarizations.
This corresponds to CO(1–0) at z = 12.2
to 11.9. The sensitivity of the observations is 15 mK in one sec for 10-MHz
resolution (300 km s−1), reaching a noise
level of about 2 mK per half-beam along
the strip after 7 days of observations.
Each 10-min drift scan extended approx
2.5 degrees = 300 beamwidths, which is
of order 100 comoving Mpc at z = 12.
This is long enough to be certain that
the strip probes a representative volume
and includes the precursors of presentday Large Scale Structure.

The repeated drift-scanning technique
was developed by Sorar, Briggs & Zwaan
for sensitive extragalactic surveys in
the λ21-cm line and has proven to be
highly reliable method (Zwaan, Briggs,
Sprayberry & Sorar 1997, ApJ, 490,
173), continuing to converge to thermal
noise levels after more than 25 repeats.
The method is an excellent diagnostic
tool for studying instrumental stability
and systematic errors, such as standing waves and RFI. Applying it to the
X-band observations showed that the
system was reliable and stable throughout
the session, performing to speciﬁcations.
Alas, no detection of CO at z ~ 12 was
apparent in the data (see Fig 5).
Imaging the Radio Afterglow from
GRB 030329
On March 29, 2003, an exceptionally
bright Gamma-Ray Burst (GRB) was
discovered by the HETE-2 satellite
(Vanderspek et al. 2003, GCN, 1997, 1).
A bright (mag = 12m) optical afterglow
was found by Peterson & Price (2003,
GCN, 1985, 1), and studied by a host
of optical telescopes around the world.
With a redshift of z = 0.1685 (Greiner et
al. 2003, GCN, 2020, 1), GRB 030329 is
the nearest cosmological burst detected
to date, and its extreme brightness
can be attributed to its proximity. The
afterglow is equally impressive at radio
wavelengths, reaching a peak ﬂux density
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Figure 5: The complete summed X-band data for the 50-MHz frequency ranges centered on 8.75 and 8.80GHz. The 8.80-GHz image was affected by interference which drifted in frequency with time for part of two
of the observing days.
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of 55 mJy at 43 GHz one week after the
burst, more than 50 times brighter than
any previously studied event (Berger et
al. 2003, Nature, in press).
A VLBI campaign by Greg Taylor et
al. began two days after the burst, with
VLBA observations at 5 and 8 GHz,
designed primarily to look at the scintillation. After 4 days, the standard ﬁreball
models predict a size for the afterglow of
just 1017 cm or 0.01 mas, but still large
enough to begin quenching the scintillation as conﬁrmed in the second VLBI
epoch 7 days after the burst. A third
VLBI epoch including Effelsberg and
going to 22 GHz to maximize resolution
measured the size of the afterglow to be
0.08 mas 24 days after the burst. In the
fourth epoch, 51 days after the burst,
GRB 030329 appeared resolved at 15
GHz with a component appearing to the
north east at 0.28 ± 0.05 mas from the
main component — see Fig.6(a). This
component was tentatively identiﬁed as
a fast jet component. To reach its position
starting from the initial outburst would
require an average velocity of 19c. Such
a jet component is somewhat surprising
since it is not predicted from the standard
models.
The fifth VLBI epoch took place
on June 19, 83 days after the burst. To
cope with the fading of the afterglow,
the observing frequency was reduced to
8.4 GHz and time was requested from a
large array of telescopes. Fortunately,
GRB 030329 can be seen by Arecibo for
nearly 2 hr, and just as it transits there is
good mutual visibility between the U.S.
and Europe, so that the maximum resolution can be achieved. It was hoped that
this epoch would conﬁrm the existence of
a jet component to the north east. However, as shown in Fig. 6(b), there is only
a slight indication of extended emission
to the north east.
Although GRB 030329 has faded
considerably, it is still detectable with
VLBI techniques. The next epoch,
with an even more impressive array
consisting of the VLBA, phased-VLA,
GBT, Effelsberg, phased-WSRT, Noto,
Medecina, and Arecibo took place on
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Figure 6: (a) The afterglow from GRB 030329 at 15 GHz taken with the VLBA, GBT, and Effelsberg
telescopes 51 days after the burst. Contours are drawn starting at 0.5 mJy/beam and increase by factors
of 2: (b) GRB 030329 at 8.4 GHz made with the VLBA, Effelsberg, Arecibo, phased-VLA, and phasedWSRT telescopes taken 83 days after the burst. Contours are drawn starting at 0.4 mJy/beam and increase
by factors of 2. (Courtesy: Greg Taylor)

November 1st, 216 days after the burst.
The observing frequency was again
8.4 GHz, and the size predicted by the
standard fireball model was 0.2 mas.
However, the peak ﬂux density was predicted to be only 0.5 mJy. Measuring the
size of the afterglow places independent
constraints on the energetics and environment of GRB 030329. Upper limits
on the proper motion can also constrain
theoretical models.
VLBI Continuum & HI Absorption
Observations of NGC 7674; First
Scientiﬁc Observations with the Combined VLBA, VLA & Arecibo Array
The Type-2 Seyfert galaxy, NGC 7674
(Mrk533), is a nearby Luminous IR
Galaxy (LIRG) with an infrared luminosity of LIR = 3.1 × 1011 L§ (González
Delgado, Heckman, & Leitherer, 2001,
ApJ, 546, 865). This galaxy was observed
by Emmanuel Momjian (NAIC), Jon
Romney, Chris Carilli (NRAO) & Tom
Troland (Kentucky) at 1380 MHz using
NAIC’s 305-m Arecibo radio telescope
in a VLBI array that included NRAO’s
VLBA and the phased-VLA. These
observations constituted the ﬁrst scientiﬁc use of the Arecibo radio telescope
with the VLBA after the installation and
successful testing of the VLBA4 recording system. The total observing time was
12 hr, with the 305-m Arecibo radio telescope participating for 140 min.
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The inclusion of both Arecibo and the
phased-VLA were essential to the observations in two respects. One is the overall
image sensitivity (the rms thermal noise
level), and the other is the short to moderate-length sensitive baselines necessary

to image large scale structures. While
including the phased-VLA in the VLBA
improves the image sensitivity by a factor
of ~2.4, the sensitivity improves by a
factor of ~7.1 when both this and Arecibo are added to the VLBA. This latter
sensitivity improvement is achieved only
during the time when Arecibo is observing. In these observations, where Arecibo
participated for about 20% of the total
observing time, the image sensitivity
was ~4.2 times better than the VLBA
alone for the whole observing time.
Also, Arecibo provided a third sensitive
short baseline, Arecibo-Saint Croix with
238 km length. The other two sensitive
short baselines are Y27-Pie Town (52
km) and Y27-Los Alamos (226 km).
Short sensitive baselines are critical for
imaging extended continuum structures,
as well as the HI absorption toward these
structures.
The top-left corner of Fig. 7 shows
an optical HST image of NGC 7674

Figure 7: (Top left corner): An optical image of NGC 7674 with the HST (Malkan et al. 1998). (Center left):
The 1380-MHz VLBI continuum image of the galaxy nucleus at a resolution of 20 mas (10.6 pc). Six structures
are marked in this image, namely the western (W), the central (C), the eastern (E), the jet (J) connecting the
C and W components, and the diffuse north-eastern (NE), and south-western (SW) components. The contour
levels are at −5, 5, 10, 20, 40 … 640× the rms noise level of 34 µJy/beam. (Center right and Bottom center):
Full-resolution continuum images of the C and W components respectively. The restoring beam size is 11 × 5
mas in position angle 3°. The rms noise in both images is 67 µJy/beam. (Bottom left & right): HI absorption
spectra obtained against the eastern and western peaks of the central (C) component. The effective velocity
resolution of the HI spectra is 14 km s−1. (Courtesy: Emmanuel Momjian)
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No HI absorption was detected toward
the W component.
Fig. 8 shows a low-resolution continuum image of the nuclear region in
NGC 7674 at 1380 MHz. The resolution is 129 × 108 mas (68.4 × 57.2 pc).
Averaged HI absorption spectra are also
shown against some of the continuum
components. At this resolution, no
absorption was detected towards the J,
W, or SW components.

Figure 8: HI absorption spectra averaged against the continuum components of NGC 7674 as seen at
low spatial resolution at 1380 MHz. The effective velocity resolution of the HI spectra is 14 km s−1. The
restoring beam size of both the continuum and the HI is 129 × 108 mas in position angle −13°. The
contour levels of the continuum image are at −1.5, 1.5, 3, 6 ... 48 mJy/beam. The rms noise level of the
continuum and the HI data are 85 and 570 µJy/beam respectively. A two-dimensional Gaussian taper
falling to 30% at 1.4 Mλ was applied to obtain these images. (Courtesy: Emmanuel Momjian)

(Malkan et al. 1998, ApJS, 117, 25). With
this VLBI array, the nuclear region of
NGC 7674 was imaged at various angular resolutions. The ﬁrst radio image in
Fig. 7 is at 20 mas (10.6 pc) resolution.
Six structures are distinguished in this
image, only three of them previously
known, namely the western (W), the central (C) and the eastern (E) components
(Unger et al., 1988, MNRAS, 234, 754).
Additional to these components, a clear
collimated jet structure (J) connecting the
C and W components is detected, plus
two diffuse emission regions; one located

to the north-east of E is designated the
northeastern component (NE), and the
other to the south-west of W, the southwestern component (SW). The projected
linear extent of the whole nuclear region
is ~1.4 arcsec (742 pc), and the total ﬂux
is ~138 mJy.
Fig. 7 also shows the C and W
components at the full resolution of the
VLBI array, 11 × 5 mas (5.8 × 2.7 pc).
The two spectra are the HI λ21-cm lines
seen in absorption towards the eastern
and western peaks in the C component.

Most characteristics of the continuum
structures in NGC 7674, both at large
and small scales, seem to be related to
AGN activity and not to a nuclear or
circumnuclear startburst. Moreover, the
HI absorption results suggest that the
detected absorption lines are associated
with an inclined HI disk or torus feeding
a central AGN, as shown in the model of
Fig. 9. While the widest HI feature seem
to represent the rotating HI torus itself,
the narrower features arise from dense
HI clumps in the circumnuclear torus
associated with a central AGN. The
continuum image shown in the HI torus
model (Fig. 9) has a resolution of 92 × 76
mas (48.8 × 40.3 pc). A fuller description
of this work can be found in Momjian et
al. (2003, ApJ, 597, 809).

Comings and Goings
The Falcon retires
Murray Lewis
r. Reinaldo Vélez came to the
Observatory in 1974, just after
our first upgrade, bringing with him
an exceptional talent for the telescope
operations. In 1989 he became the
youngest person to head the department
and continued to train others to follow in
his footsteps.

M

Figure 9: A model of an inclined HI disk or torus feeding a central AGN, as suggested by the HI absorption
distribution for NGC 7674. (Courtesy: Emmanuel Momjian)
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During his many years here a lot of
changes have occurred. The merging of
the computer and telescope operators
into one department ballooned the staff
to eleven. In 1993, during the second
upgrade (groundscreen, Gregorian
antenna, tiedown installment, etc.), he
continuously shufﬂed his operators to
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different departments where they might
become familiar with the new equipment.
When the Higuillares and HF facility,
also operated by the department, outlived
their usefulness and became part of the
observatory’s history, his trusty group
shrunk somewhat. He ran the department until 2001 when it was requested
he take charge of the RFI ofﬁce, since he
was the only person familiar with it. His
knowledge of electronics also permitted
him to serve as tour guide for visiting
scientists and the advanced electronic
minded visitors.
In March 2004 our observatory suffered a great loss when he initiated his
retirement. It is not easy to replace a
person of his talents willing to work such
long hours. Mr. Reinaldo Vélez, we will
miss you greatly.
Adios Edith
Daniel Altschuler
In May of this year Edith Álvarez, who
for over a decade worked as executive
secretary in the ofﬁce of the director,
left for a new job and a new life. If you
have visited the Observatory it is almost
certain that she will have arranged for
your airport transportation, your room,
ofﬁce space, and any other need you
might have had. She was an invaluable
member of the Observatory’s administrative staff. Edith did often go that “extra
mile” taking care of the many “difﬁcult”
cases with good humor. She was a friend
of many, and will be missed.
Welcome Steve and Valerie Torchinsky
Chris Salter
Steve Torchinsky joined us last Summer
from the Canadian Space Agency as
project manager for the ALFA L-band
feed array. Recently his responsibilities
grew when he became Head of the Radio
Astronomy Department, following Chris
Salter.
Steve did his Ph.D. at the Royal
Observatory in Edinburgh working on
gravitational lensing by clusters of galaxies, plus the SCUBA bolometer array for
the JCMT. He later spent time at the the
Herzberg Institute, Chalmers University,
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Sweden, where he worked on the Odin
Satellite mission, and the University of
Calgary before moving to the Canadian
Space Agency. At the Canadian Space
Agency, he was Program Scientist for
Space Astronomy.

munication, conducting respiratory ﬁtness testing, and working closely with
the local Environmental Quality Board
to strengthen our relationship with the
community in the area of environmental
compliance. Welcome, Wilson!

Steve, his wife Valerie, and their dog,
Patsy, have taken up residence very close
to the observatory in the village of San
Rafael. We wish Steve and Valerie a
long, successful, and happy stay at the
observatory.

Hola Erik Muller
Chris Salter
Preceding the arrival of another Antipodean import, ALFA, by many months,
Erik Muller joined the Arecibo radio
astronomy team as a post-doctoral
research associate in late July 2003.
Born, bred and educated in Australia,
Erik recently completed writing his Ph.D.
thesis on “High-Resolution Studies of the
HI in the Western Magellanic Bridge”
at the University of Wollongong. The
research for his thesis was made jointly
at the University of Wollongong and the
Australia Telescope National Facility
(ATNF).

Welcome Mikael Lerner
Steve Torchinsky
We’re very happy to welcome Mikael
Lerner to Arecibo and to the ALFA project team. Mikael comes to us from the
Swedish-ESO Submillimetre Telescope
(SEST). He was a staff Astronomer/
Programmer there for over four years,
right up to the decommissioning of the
telescope last summer. Mikael did his
Ph.D. in Astronomy at the Onsala Space
Observatory, which is part of Chalmers
University in Sweden. He worked on
high-frequency VLBI, and was the Friend
of VLBI at Onsala. Mikael also worked
on numerical simulations of the evolution of barred spiral galaxies. Mikael
joined us in March 2004 as the ALFA
Programmer/Analyst and will be working
on the ALFA Quick-Look and Monitoring facility, as well as on his own research
in Astronomy. Welcome Mikael!
Bienvenido Wilson Arias
Dianna Marsh
Wilson Arias, Environmental Health &
Safety Specialist, joined our staff in February. This is a new position, combining
the duties of several of our staff into a
more comprehensive effort to improve
staff training, compliance, and emergency preparedness. Wilson has over
15 years of experience in Puerto Rico
in the ﬁeld of environmental health and
safety and has already made a noticeable
contribution to Observatory’s management team.
He has been busy conducting a thorough
site review, organizing Red Cross ﬁrst
aid training, improving hazard com-
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Since coming to Arecibo, Erik has
conducted research in the ﬁelds of High
Velocity Cloud studies, and investigation of the HI content of galaxy groups.
He has also been active in bringing the
WAPP correlator on line as a spectralline backend, including writing the
documentation for use of this device in
conjunction with the observatory user
interface, contributing to the design of
data formats, and providing software for
initial data reduction. He has also been
organizing departmental colloquia.
In addition, Erik has taken our
observatory social life in hand. Among
other things, he has been helping with
the organization of the observatory ﬁlm
club, been a frequent provider of morning
“astro coffee”, and introduced us to the
delights of “International Pirate Day”.
Recently, he (with Paulo Freire) set a
new mark for the record books by renting and occupying 3 separate apartments
within the span of 7 days!
We welcome Erik to our ranks,
pausing only to add, “Avast there, Me
Hearty”!
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Bienvenido a Emmanuel Momjian
Chris Salter
Emmanuel Momjian joined the Radio
Astronomy team at Arecibo in October
2003 as a Postdoctoral Research Associate. Hailing from Aleppo, Syria, and of
Armenian ancestry, Emmanuel recently
obtained his Ph.D. from the University of
Kentucky. His thesis was entitled, “Sensitive Very Long Baseline Interferometry
Studies of Interacting/Merging Galaxies.” The research for this was done
as a Pre-Doctoral Fellow with NRAO
in Socorro.
Part of Emmanuel’s thesis observations were the ﬁrst user data acquired
with the Arecibo VLBA4 recorder in
Sept 2001. These observations produced
a spectacular study of the nucleus of the
Luminous IR Galaxy, NGC 7674. In Feb
2003, Emmanuel himself participated in
recording one of his own VLBI runs at
Arecibo. Due to an unforeseen problem,
control of the telescope had to be taken
over manually. Worryingly, this was a
phase-referenced experiment requiring
a telescope movement every couple of
minutes! After over 3 hours of manually
entering these position commands, the
tapes rewound on a run that produced
excellent fringes. Emmanuel turned
to the other two of us present, and said,
“That was fun!” Just the sort of astronomer we need at Arecibo!
Emmanuel has already been active
here with Arecibo single-dish observations looking for HI absorption from the
host galaxy of a gamma-ray burster. (We
were very relieved that morning when
he arrived safe and sound in the control
room following an “off-road experience”
on the slippery surface of the damp route
leading to the Observatory.) He (with Erik
Muller) has also taken our web pages in
hand, and has joined Tapasi Ghosh in
being involved with VLBI operations
here. His future research at Arecibo will
doubtless involve both single-dish and
VLBI studies of starbust galaxies and
AGNs.

them here, and wish them all the best for
the future.
Buena Suerte, Carlos Vargas
Sixto González
Carlos Vargas spent more than a year
working on SAS data analysis. He left
us in the Fall of 2003 to pursue graduate
studies in astronomy at UCSD, we look
forward to Carlos returning as a user.
Nos Vemos, Chris Wilford
Sixto González
Chris Wilford joined the SAS team as a
post-doc in September 2003. Originally
he had intended to stay for a period of
2 years but had to cut his stay short to
attend some personnal issues. He is currently in Germany, best of luck to Chris,
we’re all sorry to see him go.
Good Luck Lara!
Sixto Gonzalez
Lara Waldrop was a visiting scientist
from Sept. 2003 when she obtained
her Ph.D. at BU until Dec. 31. Beginning in January she has been supported
by a CEDAR post doc working with
Erhan Kudeki at Illinois, although she
is still afﬁliated with our group. Now
she spends most of her time at her new
home institution (UIll-Urbana).
Good Luck, Ken Woodcock
Shikha Raizada
Kenneth Woodcock visited the observatory from February 9 – April 8, 2004.
He is a graduate student of Prof. J.M.C.
Plane at the University of East Anglia,
U.K. During his stay, he worked on the
modeling of the mesospheric neutral
iron layer to understand the role of Fe
ions in the formation of sporadic layers.
This requires the simultaneous lidar and
incoherent scatter radar data that display
sudden enhancements in the densities. He
participated in the real time observations
of the Fe layer using one of the resonance
lidars at the observatory with Shikha
Raizada and Craig Tepley. The modeling
work is currently under progress.

Emmanuel and his wife, Maria, are
now settled into an apartment in the
Puerto Rican foothills, and we welcome
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William Genter
Eddie Castro
Bill Genter started working with NAIC
at the Danby Lab in Ithaca, NY on September 10, 1973 as Research Specialist.
In 1974 the Lab relocated to Brown Road
(Airport) and merged with the Feed group
headed by Merle LaLonde. All of the 430
MHz cooled receivers and cooled L-Band
and S-Band MASER receivers for use
with the line feeds were developed at
the Brown Road Lab. In addition to the
receivers, Brown Road developed the
Data Link used for the AO interferometer and both the 30MHz and 260 MHz
Baseband ﬁlter banks.
While he was at the Brown Road
Lab, Bill also worked as the employee
representative on the Human Resources
committee, which developed the Policy
Manual. When non-exempt employees
were eligible, the advisory group selected
the options for the several retirement
plans in addition to TIAA/CREF.
March 1, 1996, he transferred to the
Arecibo Observatory Electronics Department to work with the receiver group
and RFI mitigation. He retired from
the Arecibo Observatory on December
15, 2002 and relocated to Fort Myers,
Florida where his wife works with Medical Anesthesia and Pain Management
Consultants as a Certiﬁed Registered
Nurse Anesthetist.
Our best to Bill and family!!
Bienvenido Joe Greene
Eddie Castro
Joe Greene came to Puerto Rico over 20
years ago to work on the US Navy communications contract on the island. He
began his career working on Aguada’s
VLF 250KW Continental tube transmitter and later as the site supervisor.
After 13 years at Aguada, he moved to
become the head of quality control over
the contract. Joe graduated from the Interamerican University in 1999 and was
awarded a summer research scholarship
at NASA’s Langley Research center
working in their High Intensity Radiated Fields Laboratory. He completed his
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MBA in technology in 2002 and began
working at the Observatory in September 2003 in the Electronics Department’s
transmitter section.
Felicidades Héctor Monroig
Eddie Castro
Héctor Monroig joined the transmitter
group at AO on Oct. 30 1972. He was
assigned to the HF facility in Islote,
where he was responsible for the operation and maintenance of the four transmitters. The operation of the facility was
a success, thanks to Héctor’s dedication.
After 25 years at the facility, damage
caused by Hurricane Georges forced us
to shut down the facility. Héctor returned
to the Observatory, and he worked with
the 430 MHz transmitter.
On August 1 2003, he decided to
retire and spend more time with his
family and travel the world, something
he enjoys very much.
Bienvenido de nuevo, Iván Cordero
Eddie Castro
Iván Cordero was a member of the AO
receiver group from Nov. 11, 2001 to
Nov 11, 2003 . He resigned his position
as an Electronics Technician to join the
Air Force.
Iván worked on several projects, and
he always had very good ideas. We want
to wish him the best and hope he can
come back to Arecibo and work for our
department again.
Welcome William Iguina
Eddie Castro
William Iguina joined the AO staff in
December 19, 2003 as Electronics Technician in the support group He is part of
the Communication group.

Workshops
Communicating Astronomy in Hispanic America
Daniel R. Altschuler and José L.
Alonso

A

bout forty participants from Spain,
Hispanic America, and Hispanics
working in the US in the ﬁeld of Education and Public Outreach, attended this
three-day international meeting held at
the end of September 2003. Nine countries were represented.
At this meeting we searched for,
reviewed, and presented new strategies
for astronomy and science popularization. In particular, the meeting served
to exchange experiences in the area of
science outreach and establish collaborations between participants. New initiatives in science education and outreach
in the Hispanic world were presented,
and problems and possible solutions on
the road to effective outreach programs
were discussed.

Editors Note
he editors want to thank Daniel
Altschuler for his leadership in
making this newsletter what it is today.
Among the many achievements of his
twelve years as site director was in
improving communication from the
observatory to its users, the broader
scientiﬁc community, and to the public.
Prior to his being site director, the newsletter was an occasional publication.
Now it is regularly published and highly
informative. The many editors during the
past dozen years have beneﬁtted greatly
from Daniel’s support.

T

We wish Daniel great success in
his new endeavor, OPUS, and hope his
involvement with the newsletter will
continue.

One goal was to pave the way for a
philosophy and methodology that would
improve science knowledge among the
Hispanic population.
Presentations ranged from “Popularization of cognitive science as a response
to pseudoscience” through “Inreach
is also necessary” to “Mars in science
ﬁction movies”. Proceedings in Spanish
will be published in 2004.
The meeting was co-sponsored by the
NAIC, the PRSGC (Puerto Rico Space
Grant Consortium), and the O.P. and.
W.E. Edwards Foundation.

We wish Willie a long stay at the
Observatory.
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Don Campbell steps down
Mike Nolan and Ellen Howell

A

fter over 30 years of service to NAIC and the Arecibo
Observatory, Donald Bruce Campbell is stepping
down as associate director of NAIC.
Don came to the observatory as a graduate student in
1965. He generated the ﬁrst geologically interesting
radar images of Venus using the 430 MHz P-Band radar
system, which required building an interferometer using
staff member Sam Harris’s amateur radio station as the
second receiving station. When he identiﬁed craters in the
images, geologists began to take an interest in the radar
data and in the surface of Venus. He later upgraded the
interferometer with a 30-meter receiving station 10 km
from the main dish for a mere $300,000, which was remarkable feat, even then. His interest in Venus radar mapping continued with a deep involvement with the Magellan mission. Together with his student, Lynn Carter, he is still pioneering radar
imaging of Venus to study topography and polarization properties of the surface, which Magellan could not do.
Don has led radar studies of Solar system bodies from Mercury to Saturn. Nevertheless, his personal favorite citation is his
reference in Jackson’s “Classical Electrodynamics” (page 278) for his work on the polarization properties of the Crab nebula
pulsar.
He is involved in radar studies of the Moon using the 430 MHz radar system, and also the 2380 MHz S-band radar in a bistatic
system with the GBT. This work led to recent imaging of shadowed craters at the Lunar South Pole that do not support the
existence of large amounts of water ice, contrary to the indications from the Clementine mission.
Don became the head of the planetary radar group in 1979. He was instrumental in the building of the S-band transmitter,
which has led to spectacular discoveries into the nature of near-Earth asteroids, imaging of Saturn’s rings, and ethane lakes
on Titan.
He served as site director from 1982–1987. In this capacity, he was known for taking a personal interest in the well-being
of every employee and their families, which continues to the present day. After stepping down as site director in 1987, Don
moved to Ithaca to become a professor of astronomy at Cornell and to serve as associate director of NAIC. He continued to
make frequent trips to Arecibo to look after the planetary radar program, and he supervised a number of graduate students
using the Arecibo radar systems, including the following: Barbara Burns, Nick Stacy, Matthew Class, Jean-Luc Margot, Greg
Black, and Lynn Carter.
Don played a leading role in the Gregorian upgrade at Arecibo, which began in 1992, and was completed in 1997. Few observatory staff members are as familiar with the operational details of the telescope as Don. Even while traveling in Australia,
he would call regularly to pass on important daily news of developments on the observing platform.
Don organized events for students, and one summer, when a hurricane
warning was issued, but then did not materialize, Don’s resourcefulness
— and skill with a spatula — resulted in a barbecue for the stranded
observers and summer students, which was greatly appreciated by all.
Don has mentored, directly supervised, and barbecued for the majority
of active planetary radar scientists, including the authors of this article.

Don Campbell (right) with Ray Jurgens in 1965 (courtesy,
Gordon Pettengill).
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Don remains a professor of astronomy at Cornell and continues to inspire
young scientists with his unﬂagging enthusiasm. We hope to to see Don
frequently as a visiting observer, and he is welcome to keep his tennis
shoes in the bottom drawer of the ﬁling cabinet as long as he likes.
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Diffuse Matter in the Galaxy: Observations Confront Theory: A
Meeting in Honor of the 65th Birthday of Carl Heiles
Arecibo, Puerto Rico, August 29 to September 2, 2004
Organized together with the 3rd Galactic ALFA Consortium Meeting
Arecibo, Puerto Rico, August 29, 2004
http://www2.naic.edu/~astro/heiles/

Call for Proposals for the High Sensitivity Array (HSA)
Proposals for a High Sensitivity VLBI Array (HSA) consisting of the VLBA, Green Bank Telescope (GBT), phased VLA
(Y27), Arecibo (AR), and Effelsberg (EF) are now being accepted with priority. A total of up to 100 hours in each trimester
(~25 hours/month) may be scheduled for highly rated projects that can justify the increase in sensitivity. By adding the
GBT, Y27, EF, and AR to a VLBA experiment the sensitivity can be increased by more than an order of magnitude. This
capability opens up promising new avenues for scientiﬁc discovery. In a 1 hour integration at 1.4 GHz, the predicted image
sensitivity is 6.5 microJy/beam, compared to 94 microJy/beam for the VLBA alone. At 22 GHz for the above array (without
Arecibo, which is limited to 10 GHz and below), the thermal image noise in 1 hour is 43 microJy/beam, compared to 275
microJy/beam for the stand-alone VLBA. For further estimates, proposers can use the EVN Sensitivity Calculator at http:
//www.evlbi.org/cgi-bin/EVNcalc. Trial runs with SCHED may also be desirable to determine the mutual visibility of the
array on the target source. In general, a source that transits over Arecibo (with transit time 1–2.75 hours for 0 < declination
< 37 degrees) is visible during an Arecibo transit by all other HSA antennas.
Starting with the June 1, 2004 proposal deadline, the High Sensitivity Array (HSA) is available at frequencies of 0.33,
0.61, 1.4, 5, 8.4, 15, 22, and 43 GHz. Proposals should be sent to NRAO only. To request HSA time, the observer should
indicate in item 11 of the proposal cover sheet, on the line starting “VLBA”, that the antennas requested are “HSA =
VLBA+GBT+Y27+AR+EF”. If the celestial position or required frequencies prohibit participation by Arecibo, then the
desired subset should be described. Proposals requesting less than 3 of the 4 instruments will not be considered for the HSA
time. It is also assumed that the VLBA will participate. Due to the coordinated nature of the observations, dynamic scheduling is not possible. HSA proposals are limited in recording bandwidth to 256 Mbps, but all continuum observations are
encouraged to request the use of this maximum bandwidth.
Observers are reminded that with the extremely high gains of these antennas, ﬁelds with an integrated ﬂux density of more
than ~1 Jy will contribute substantially to the thermal noise. However, the good news is that sources with even a few mJy of
emission on milliarcsecond scales may be suitable for self-calibration, and phase-calibrators can be similarly weak. Phase
referencing by fast switching to calibrators within 2 degrees of a faint target source with cycle times of ~3 minutes are feasible.
All HSA observations will be correlated in Socorro. For further details consult the web page at (http://www.nrao.edu/HSA)
or direct your questions to the undersigned.
Greg Taylor (gtaylor@nrao.edu), Tapasi Ghosh (tghosh@naic.edu), Emmanuel Momjian (emomjian@naic.edu)

The NAIC/AO Newsletter is published three times a year by the NAIC. The NAIC is operated by Cornell University under a cooperative agreement with the
National Science Foundation. Tapasi Ghosh and Jonathan Friedman, editors. Contact: tghosh@naic.edu or jonathan@naic.edu; http:www.naic.edu.
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