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Conjunction of Venus, Jupiter and the Moon over Arecibo Observatory during AGES observing, December 1, 2008. Image courtesy of R. Minchin (NAIC)

Ultracool Dwarf Pulsars
Gregg Hallinan (National University of
Ireland)
In recent years, very low mass stars
and brown dwarfs (collectively termed
ultracool dwarfs), have unexpectedly
been confirmed as a new class of radio
source. The characteristics of this radio emission have proved extraordinary, particularly the periodic presence
of 100% circularly polarized pulses,
which have led to these sources being
dubbed `ultracool dwarf pulsars’ (Hallinan et al. 2007, 2008). This radio emission has subsequently been confirmed
to be electron cyclotron maser (ECM)
emission.
In-situ observations of ECM emission in
planetary magnetospheres have confirmed that (a) the resulting radio emission is generated at the electron cyclotron frequency, enabling extremely

accurate measurement of the magnetic
field strength in the source region of
the pulsed emission, (b) emission in the
R-X mode close to perpendicular to the
magnetic field in the source region
is favored, yielding the polarity of the
magnetic field in the source region,
and, (c) the emission can be very narrowly beamed allowing the constraint
of both source size (and hence brightness temperature) and location. The
importance of observing this process
in ultracool dwarfs was recently highlighted with the first detection of kilogauss magnetic fields from an L-type
brown dwarf (Hallinan et al. 2008).
To date, observation strategies have focused on the use of the VLA to conduct
surveys of ultracool dwarfs, resulting in
the detection of periodic pulses from
4 dwarfs, and leading to confirmation
of rotation periods for these. However, Arecibo offers a completely new
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Fig. 1: Left: Artist’s conception of the emission region of a ultracool dwarf TVLM 513-46546. Center: Stokes V lightcurve of TVLM 513 using the VLA in May
2006. Right: Stokes V dynamic spectrum of the periodic pulse detected from TVLM 513 using Arecibo in May 2008. Courtesy. G. Hallinan
The NAIC is operated by Cornell University under a Cooperative Agreement with the National Science Foundation.

dimension to observations of this new
class of radio transient. Whereas the
VLA provides the excellent spatial resolution necessary to detect weak continuum sources and the ability to conduct subsequent lengthy observations
to characterize both the quiescent and
pulsed emission, Arecibo provides extremely high spectral bandwidth and
frequency resolution allowing us to
produce dynamic spectra of individual
periodic pulses. These dynamic spectra
are not dissimilar to those available for
Jovian radio emission and provide similar diagnostic potential.
The first Arecibo observations consisted of 3 successive nights on the pulsing ultracool dwarf TVLM 513-46546
(hereafter TVLM 513), using the Wideband Arecibo Pulsar Processor (WAPP)
backend on the Arecibo dish spanning
the frequency range 4300–5300 MHz.
The brightest pulsed emission detected
had flux density in excess of 20 mJy,
the highest intensity radio emission yet
detected from an ultracool dwarf. The
presence of short duration structure in
the periodic pulses confirm brightness
temperatures > 1015 K. While further observations are required to confidently
discuss the morphology of the pulses
detected from TVLM 513 in May 2008,
there is significant evidence for the
presence of a double-peaked structure in many of the pulses. Moreover,
these double-peaked pulses are seen
to temporally broaden with increasing
frequency (Fig. 1). The arrival of the
new Mock spectrometers really will be
a game changer for the study of these
objects and the resulting dynamic spectra will have unprecedented spectral
coverage, as well as spectral and temporal resolution. Follow-up observations of TVLM 513 will be scheduled in
the coming year, and observations of
two further targets are proposed.

A Spectral Scan of Arp 220 from
1.1 to 10 GHz
Chris Salter (NAIC)

I

t all began in 2006 at one of our
weekly “extragalactic coffee hours”.
At these, Arecibo staff members discuss
recent contributions to extragalactic research. On that day, discussion came
round to the new 8-board version of
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the WAPP spectrometer that Bill Sisk
had engineered, and Mikael Lerner
was integrating into the 305-m telescope’s graphical user interface, CIMA.
This extension of WAPP capabilities
would allow users to analyze 3-level,
autocorrelation data of 100-MHz bandwidth into 8192 channels per polarization. Someone noted that the instantaneous coverage of up to 800-MHz
bandwidth with 12-kHz resolution was
a pretty unique facility for making spectral scans of extragalactic sources, then
somebody else mentioned Arp 220, the
classic Ultra-Luminous Infra-Red Galaxy
(ULIRG), as the perfect target. During the next few “extragalactic coffee
hours”, we (Barbara Catinella, Tapasi
Ghosh, Mayra Lebron, Mikael Lerner,
Robert Minchin, Emmanuel Momjian
and Chris Salter) educated ourselves on
the published spectral-line work on Arp
220, and from these meetings a plausible project took shape.

der of 2007. As well as using the new
WAPP mode, the observations also pioneered a modified version of the “Double Position Switching” technique. For
this, position-switched observations on
Arp 220 were alternated with similar,
but shorter, observations of a strong,
nearby, continuum source, this serving
both as a band-pass calibration, and a
cross-check on the presence of manmade interference.
Scientifically, this spectral scan was
made to search for previously undetected molecular lines from Arp 220,
and to measure its radio recombination
lines (RRLs) across the full 1–10 GHz
band to constrain the properties of its
interstellar medium. For our first night’s
observing we tossed various coins,
and decided to begin with the C-band
(4–6 GHz) receiver. The 8 WAPP boards
were each overlapped by 15 MHz to
cover “roll-off” at the ends of each
100-MHz band, giving an instanta-

Fig. 2: The blended
emission line from
the six 110 –111 multiplet
transitions
of
methanimine
(CH2NH) in Arp 220.
The rest frequencies of the individual transitions are
shown by vertical
lines for an assumed
heliocentric velocity
of 5373 km s-1.

On 1 June 2006, a telescope proposal
was submitted to perform an essentially
full 1–10 GHz spectral study of Arp
220. Luckily, the referees liked the
proposal and it received an A grade. A
study involving so many of the Arecibo
radio astronomy group was previously
unknown, and over the past couple of
years it has generated a great spirit of
togetherness among those of us still at
Arecibo, to say nothing of continued
collaboration with those who have
since sought pastures new.
The project reached the telescope on
the night of 31 March 2007, filling a
number of observing slots before the
long painting hiatus which closed telescope operations down for the remain2

neous coverage of 680 MHz. This
meant that entire receiver bands could
be covered in just 3 settings of the central frequency. We aimed at one hour’s
integration “ON-source” for each setting. By chance, the gentlemen (?) of
the team were the first to point the telescope, while the ladies took the responsibility of looking at the data. As data
was collected for the first setting, we
at the control console were called by
Mayra and Tapasi. “We think we have
detected methanimine here”, they told
us. Rather than admit that we had
no idea what methanimine was (actually it is CH2NH), we clustered around
with lots of remarks to the effect that
whatever they had seen, it was doubtless interference. These remarks quickly
NAIC/AO Newsletter

Fig 3: The first astronomical detections of the v2=1 direct l-type absorption lines of HCN with vibrational levels J=4, 5 and 6 (at 4488, 6731 and
9423 MHz, respectively). The spectra are plotted with heliocentric velocity as abscissa. The non-detection of the J=2 vibrational level (at 1346 MHz)
is also included. The velocity resolution is ~30 km s-1.

died away when we saw that the feature they had seen occurred only “ONsource” towards Arp 220, and neither
in the corresponding OFF-source, or in
either phase of the data on the calibration source. It was a real, instant detection (Fig. 2)!

detected down to at least 3 GHz. This
project has now been successfully expanded to a wider sample of ULIRGs
via both Arecibo and Green Bank observations, while MERLIN observations
of methanimine (CH2NH) in Arp 220
were recently completed.

The observations are now essentially
complete, and have been excitingly
productive already. Several previously
undetected molecular species have
been found, both in emission and in
absorption, and recombination lines

And so it has continued, right up to
our near completion of the entire spectral coverage. The radio spectrum of
Arp 220 has proved much richer than
any of us “molecular rookies” dared to
hope in June 2006. Early detections

Fig. 4: The co-added hydrogen RRLs between
H119α and H127α
(3172.9–3853.7 MHz).
The peak intensity is 600
µJy/beam and the rms
noise is 50 µJy/beam.
The velocity resolution is
~30 km s-1.
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in the 1.1–1.7 and 5–10 GHz windows included the prebiotic molecule,
methanimine, in emission (Fig. 2), three
v2 = 1 direct l-type absorption lines of
HCN (Fig. 3), and an absorption feature likely to be from either 18OH or
formic acid (HCOOH). We also detected two, possibly three, transitions of
4 cm excited OH in absorption (not
previously detected in Arp 220), and
a possible absorption feature from the
6.67-GHz line of methanol. The detection of methanimine is the first distant
(80 Mpc) extragalactic detection of this
molecule. Further, the strong, cm-wave
HCN v2 = 1 direct l-type lines have never
been previously detected in the radio
regime. A puzzle here was the strong
detection of absorption in the J=4, 5,
and 6 HCN lines, but not in the J=2 line.
Our preferred explanation was that the
J=2 line was being very strongly absorbed by overlying ionized gas within
Arp 220. This allowed us to predict the
expected strength of the J=3 line (rest
frequency = 2693 MHz) which had not
yet been observed. With our observations of the S-band segment of the spectral scan in the summer of 2008, this inNAIC/AO Newsletter

Fig. 5: The emission spectra of the three S-band transitions of the CH molecule. From left to right, these are the J=1/2-1/2, F=0-1, F=1-1 and F=1-0 transitions at rest frequencies of 3263.8, 3335.5 and 3349.2 MHz, respectively. The feature appearing at the right hand edge of the second pane is the H125α
hydrogen recombination line. The velocity resolution is ~30 km s-1.

terpretation for the absence of the J=2
line was confirmed, with J=3 coming in
right on strength. The implied optical
depth of the overlying plasma is ~3.0
at 1630 MHz.
Also resulting from the recent S-band
observations has been the detection
of the 3.3-GHz CH triplet in emission
(Fig. 4), with relative intensities of
1:1.7:1, compared to the ratios of 1:2:1
expected for thermodynamic equilibrium. In addition, by co-addition of the
hydrogen RRLs between H119α and
H127α, a 12-σ detection has been obtained for the S-band RRLs (Fig. 5). The
rms noise on the co-added spectrum
is 50 µJy/beam. Previously, the lowest frequency detection of an RRL in
Arp 220 was the H92α line at 8.3 GHz
by Anantharamaiah et al. (2000). This
S-band RRL detection, plus RRL estimates from other bands, will allow
detailed testing of the model for the interstellar medium of this galaxy which
Anantharamaiah et al. proposed.
Scientifically, we feel that the spectral
scan of Arp 220 has been a notable
success. It has also demonstrated the
usefulness of the 305-m telescope and
the WAPP spectrometer for making
spectral scans of extragalactic targets.
The situation will soon get even better
when the new Mock spectrometers,
originally built to service the ALFA
7-beam receiver, will acquire their
“single-pixel” capability, allowing investigators to analyze the full 1-GHz band
available from our higher frequency
receivers into about 10-kHz channels, representing about 0.35 km/s at
X-band. This will open great opportunities for galactic, as well as extragalactic,
spectral scans in the rather near future.
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Arecibo Galaxy Environment
Survey (AGES)
Tom Scott and Elias Brinks (U. Hertfordshire, UK) and Luca Cortese (Cardiff U.)

A

n enduring question for galaxy
clusters is the way in which the
cluster environment affects the evolution of its member galaxies, particularly
for those in the process of joining the
cluster. The recently completed Arecibo Galaxy Environment Survey (AGES)
of HI in the nearby galaxy cluster Abell
1367 (z=0.02) together with HI synthesis imaging from the VLA and CO data
from the IRAM 30-m telescope is being
used to investigate the nature of interactions impacting the ISM gas of spiral
galaxies within the central 1.5 Mpc of
the cluster. The aim of the study is to
better understand the mechanisms impacting the ISM of the cluster’s spirals.
The AGES uniform detection threshold
(~6 × 108) and large velocity range are
a key factors in being able to determine
the extent to which the HI has been removed from the spirals. Cluster spirals
with significantly lower HI masses than
expected are likely to have lost their HI

Fig 6. CGCG 97-087: White contours are from
the VLA D-array surface density map overlaid
on a SDSS i-band image. The size of the D-array
beam is indicated with a white circle.
4

during strong ram pressure stripping
interactions with the cluster’s ICM or
tidal interactions with other galaxies
or the cluster potential as whole. VLA
imaging for a subsample of the spirals
indicates a majority have asymmetric
HI distributions symptomatic of recent
or ongoing interactions (see Fig. 6).
Further analysis combining AGES, VLA
and CO data for the cluster’s spirals
is planned and it is hoped this will increase our knowledge of the nature of
the interactions they are suffering.

Recent D-Region Observations
Using 430 MHz ISR
Shikha Raizada (NAIC) et al.

T

he improvements in the receiver
sensitivity and bandwidth of
430-MHz ISR has allowed measurements of D-region parameters (a)
Meteor Smoke Particles (MSPs), and
(b) negative ions, temperature, and
electron density. The study of MSPs is
part of a graduate thesis and also has
resulted in new users of ISR.

(A) Irina Strelnikova, Markus Rapp, Shikha Raizada and Mike Sulzer: The MSPs
form as a secondary product of meteoroid ablation in the altitude range between 70 –110 km with average number densities of up to several 1000 cm-3
and particle radii in the low nanometerrange. MSPs play a significant role in a
host of atmospheric phenomena such
as the nucleation of noctilucent clouds,
the mesospheric metal atom chemistry, the transport of meteoric material
to the ground. However, due to their
extremely small dimensions, measurements of MSPs have been very difficult
to obtain. Recently, Irina et al. (2007)
developed a new algorithm to infer
MSP number densities and radii from
NAIC/AO Newsletter

Fig. 7: Left panel displays the calculated ISR spectra and corresponding ACFs without (black lines)
and with the presence of charged MSPs (blue lines for particles with rp = 1 nm, red for rp = 2 nm) based
on the theoretical work. The right panel shows the ACFs for rp = 1 nm (blue) and rp = 2 nm (red),
respectively. Adapted from: (Strelnikova et al., GRL, Vol. 34, L15815, doi:10.1029/2007GL030635).

ISR spectra and corresponding autocorrelation functions (ACFs). The effect of
MSPs on the spectral shape is evident in
Figures 7, 8 and 9.
They applied the above mentioned
technique to data obtained with the
Arecibo radar in September 2006 and
present first profiles of MSP number
densities and radii derived from ground
based observations.

(B) S. Raizada, M. Sulzer, C. A. Tepley,
M. Nicolls, and S. González: In order
to infer D-region parameters like electron density and negative ions, Arecibo
430-MHz incoherent scatter radar was
run on July 23, 2006 using two radar
modes. One mode measured the ion
line spectra over D-region altitudes.

The other mode was used as a new
way to calibrate the electron densities
in the D-region and also to correct the
ion line spectra. The ion line primarily
provided a power profile connecting
the D-region to altitudes where the

Fig. 8: The figure on
the left shows altitude
profiles of retrieved radii and the right panel
displays number densities of charged meteor
smoke particles. The solid lines are 3-point running means of the original data (Adapted from
Stelnikova et al., 2007).
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The knowledge of the ratio of negative
ion to electron concentration (referred
to as λ) is an important parameter to
understand D-region chemistry as it determines the effective recombination
coefficient.
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plasma line is useful. The plasma line
provided the absolute electron density,
used in the lower altitudes for calibration, and at F-region altitudes for determining the baseline level in the
D-region spectra due to the foldingin of F-region scattered power. Determination of negative ions requires an
accurate knowledge of how artificial
interferences influence the measured
spectral width. Weak signals from the
D-region are contaminated by scatter
from sources like ships, airplanes, etc.,
that make it difficult to study. Improvements in the quality of the information
required for this study necessitates our
being able to discriminate against such
artificial (i.e. man made) interference.
Recording every pulse allowed us to
perform statistical studies and, hence,
identify those processes influencing
the D-region Thomson scatter spectral width in a more reliable way and
hence determine negative ions.
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Fig. 9: This figures show range-time variation of λ showing that negative ions become important below 70 km, 8b: Same as (a) except that the lower altitudes are saturated to reveal the variation of λ in
the layer located near 75 km. Adapted from Raizada et al., Accepted JGR, 2008.
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Figure 9 displays contours of λ showing
a weak layer with λ ~ 1.6 ± 0.3 during the morning hours. As mentioned
in the introduction, the most significant
source of negative ions is the attachment
reaction involving two oxygen molecules and electron with reaction rate
4 × 10-30 exp (-193/T), where T is the
neutral temperature Any increase in
temperature can accelerate the rate of
the reaction governing the attachment
of electrons with O2 resulting in an increase in negative ions. Gravity waves
(GW) are known to modulate temperNAIC/AO Newsletter

ature structures and the interaction
between GW and tides are believed
to form mesospheric inversion layers
(MIL). At low and mid latitudes the mesosphere inversion layer can be as wide
as 10 km with enhanced temperatures
up to 15–50 K perturbation amplitude
(Meriwether and Gardner, 2000). Thus,
a temperature increase as a result of
GW activity can result in a negative ion
layer observed during morning hours.

Isolated Cold Neutral Medium
Blobs or Dark Matter Reservoirs?
Carl Heiles (UC Berkeley)

F

igure 10 shows a representative example of an isolated blob. GALFA
sees blobs everywhere. Their HI lines
are narrow, so the gas is cold, and
they are unresolved. Some look like
condensations on filaments, which
probably result from magneto-cooling
instabilities. Some, like this one, are disconnected from all other neutral gas,
which suggests they are gravitationally bound. That requires a stellar-type

mass, even though their HI masses are
about a Jupiter mass. The combination
of a tiny measurable mass with a large
virial mass defies current concepts of interstellar matter.
These are truly mysterious objects, even
though molecular versions have been
known for several years. They may be
nothing more than the neutral envelopes of cool, obscured stars, though
none are cataloged at their positions.
Or they may be bound by black holes
(Heithausen, ApJ 606, L13; 2004): their
outer skins would then be ionized sufficiently by starlight to produce Extreme
Scattering Events and related phenomena.

7320 Å Airglow Observations
Using AO’s New Low Resolution FPI
Pedrina Santos (NAIC)

T

he low resolution single etalon Fabry-Perot interferometer (FPI) in the
Optical Laboratory at the AO has been
upgraded to permit remote operation,

Fig. 11: 7320 Å ring pattern obtained at April 9,
2008 with an integration period of 60s.

to improve FPI sensitivity, and to permit
FPI response in the near infrared. Integration of a 2048 × 2048 Andor CCD
array into the existing low-resolution
FPI with a new optical system is completed. We achieved a 40-fold enhancement in sensitivity at 7320 Å over earlier work, by virtue of 90-95% quantum
efficiency and 4-order simultaneous
sampling. Problematic OH contamination is eliminated by use of a very narrow 3.0 Å FWHM interference filter,
and 0.9cm Fabry-Perot plate spacing
achieves a spectral resolution
of 0.032 Å, the emission doublet line width at 7320 Å for
any temperature greater than
200K. Raw detector response
is corrected using both linear (chip bias) and non-linear
techniques (flat-field) prior to
ring-summing. A frequency stabilized HeNe laser at
632.8 nm is used to establish
the FPI response function.
Figure 11 shows an example
of the 7320 Å ring pattern obtained at AO using this configuration.

The excited O+ (2P) atom is
formed by photoionization or
electron impact with energy
in excess of 18.6 eV (< 666Å).
With a lifetime of 4.57s in
the upper state and no local
source in the earth’s shadow,
the O+ (2P) to O+ (2D) transition
produces a twilight airglow at
7320 Å and 7330 Å very near
to the solid-earth shadow line.
The emission has therefore
Fig. 10: Three HI blobs in the same angular field but at different velocities; these are marked by arrows. Bottom: been used in the past to de-

their HI spectra.
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Fig. 12: FWHM general variability of 7320 Å spectral line at Arecibo for April and May 2008. The red line is the polynomial fit for the data points.

7320 Å twilight observations had been
carried out at AO using this new FPI
configuration since March of 2008 during new moon periods. Preliminary results show a significant day-to-day variability. The results are still inconclusive
and we cannot determine if a population of “hot oxygen” is present or not.
However, we are extending the data
analysis to significantly higher shadow
heights, by co-adding weaker signals
to achieve larger signal-to-noise ratio.
Figure 12 shows an example of our
analyses for eight days of 7320 Å line
width data acquired in April and May
of 2008.

tell the difference. Theory also says that the
friction between the
in-falling cloud and the
halo produces a corehalo structure in velocity
space --- again, just like
the observations of the
HVCs in the right panel
of Figure 14. Moreover,
numerical simulations
reveal the stripping
effects that result in
slower-moving shards
and fingers extending
off the sides of the cloud.
GALFA
observations
uniquely show this happening in the left panel
of Figure 14. Further, a
straightforward dynamical model for the drag

N(HI)
27.0

Dec (deg)

termine the altitude profile of O+ temperature at the terminator, using high
spectral resolution detection. Some
of these measurements have been interpreted to imply a population of hot
oxygen atoms in the upper thermosphere and lower exosphere. That
population remains speculative, but
has the potential, if it exists, to confuse ISR ion temperature fits, with hot
O+ spectra having similar width to He+
spectra.

26.5

26.0

25.5
17.8 17.4 17.0 16.6
RA (deg)
Fig. 13: Left: A simulated head-tail cloud moving at 200 km/s
through the diffuse Galactic halo, with density 10-4 cm-3: contours are
plotted at column densities of 0.5, 1, 5, 10 x 1019 cm-2. Right: A GALFA-observed head-tail cloud, with contours at 0.3, 1, 3 x 1019 cm-2.

Tracing the Diffuse Halo with
High-Velocity Clouds
Carl Heiles (UC Berkeley)

T

heory says that as halo clouds move
through the diffuse halo medium,
they form a compressed head and a diffuse tail structure. The morphological
details vary according to the speed and
density of the cloud, and the density of
the halo medium. Figure 13 compares
theory and observation --- it's hard to
December 2008, Number 44

Fig. 14: Left: The HVC and its shards. Color is used here to code the central GSR velocity, while the
brightness codes the total column density. The labelled features were used in the hydrodynamic
modelling. Right: The modeled HVC showing a clear head-tail velocity difference.
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on the fragments provides quantitative
values for the local, ambient, halo density. Combining this with a hydrostatic
halo model, in which density is a welldefined function of Galactic radius and
z height, provides a new technique for
estimating HVC distances (Peek et al.,
ApJ 656, 907; 2007. These are notoriously hard to measure.
HVC distances are important: they
allow accurate estimates of mass inflow rate to the Galaxy, which relates
to the overall global question about
where the gas for ongoing star formation comes from. At its current profligate rate of making new stars, the ISM
is used up quite rapidly without this
source of replenishment.

Cuspiness in OH/IR Star Light
Curves
Murray Lewis (NAIC)

I

ratio (blue /red)

have observed the 1612-MHz light
curves of high latitude OH/IR stars for
several years, using available telescope
time between other programs. The
primary objectives are to derive the
light travel-time diameter of their shells
from the phase difference between
their red and blue Doppler-shifted
peaks, and to look for secular evolution of their masers. Anthony Smith,
my 2008 REU student, and I developed a calibration scheme for L-wide at
18 cm covering 2002–present. However, direct intensity measurements are
always limited by the extent to which
the telescope's characteristics can be
removed. These are complicated for
the Arecibo telescope by changes
in the weight distribution about the

structure, functioning of the vertical
tie-down system, which can be interrupted by thunderstorms, and temperature-related zenith angle effects. All of
these factors are neutralized when the
ratio of the two 1612-MHz peak intensities is the observational parameter.
This provides a form of differential photometry that can result in very clean
'light' curves, though the ratio may still
be perturbed by RFI, interstellar scintillation, and noise. A light-curve from
an illustrative OH/IR star with a 'classic'
spectrum is shown in Figure 15. The
top panel shows the light curve generated by the average intensity of the
blue-shifted peak of IRAS 18069+0911,
together with the curve fitted using its
first 10 complex Fourier components:
the redshifted curve was treated similarly. The bottom panel shows the
ratio of the average 1612-MHz intensity of the blue/red peaks at every
epoch, which typically have a sigma
~0.2%, together with the ratio of their
fitted curves. It is immediately evident
that the ratio curve is in anti-phase to
that from the blue peak. This shows
that the fractional increase in the intensity of the red peak is larger than
that of the blue, so the masers are only
partially rather than fully saturated.
A second noteworthy feature is the
'cuspiness' of the ratio peaks, which is
not captured by the fitted curves. This
arises from the rapid initial increase
in the blue peak's intensity from minimum, which is particularly evident here
in its 2nd and 3rd rise towards maximum. What to make of this? Mass-loss
from an AGB star occurs as its thermal pulsation drives a shock wave out
through its atmosphere. So I interpret

High Angular Resolution Science: VLBI at Arecibo
Murray Lewis (NAIC)

A

recibo’s global internet connectivity
increased steadily in 2008. In May,
Arecibo participated in the first-ever
simultaneous four-continent eVLBI run
where fringes were detected between
all telescopes. This involved Arecibo
from North America, TIGO at Concepcion in Chile, Hartebeesthoek in South
Africa; and Effelsberg (Germany), Westerbork (Netherlands), Medicina (Italy),
and Onsala (Sweden) from Europe.
The Arecibo data rate was solid at the
required 256 Mbps. The run was also
used as a realtime demonstration at
the annual meeting of TERENA (TransEuropean Research and Education
Networking Association.
On September 9, 2008 another eVLBI
milestone was reached. Transatlantic
fringes were obtained between Arecibo and other EVN telescopes for the
first time for a data rate of 512 Mbps.

3.2
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2.8
2.6
2.4
2.2
1000

the cusps as being due to the abrupt
onset of dust formation at that particular phase in this star, when the shock
wave has propagated out to a large
enough radius for dust to condense.
There is then a step change in the reprocessing of the stellar spectral energy
distribution (SED), and hence an abrupt
change in the maser pump: this sensitivity of the 1612-MHz maser pump to
the SED reaching the OH molecules
is a central feature of the Gray, Howe
and Lewis (MN 364, 783, 2005) radiative transfer model. As the near-side,
blue-shifted maser sees this first, it benefits from a step increase in gain, and so
has a very rapid intensity increase. The
ratio abruptly returns towards its more
normal value when the rear-side, red
maser reaches us. This explains the
cusp. The increased sensitivity of this
observing mode has revealed the dust
formation signature, and should enable us to trace its detailed evolution.

1500

2000

2500

3000

3500

day (from 1998.0)
Fig. 15: FWHM general variability of 7320 Å spectral line at Arecibo for April and May, 2008. The
black line is the polynomial fit for the data points.
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Also in May 2008 , two Mark5B recorders and a Digital Back-End were
brought to Arecibo from Haystack for
a special Ultra-wideband VLBI experiment organized by Shep Doeleman.
This equipment allowed the entire
NAIC/AO Newsletter

1-GHz IF from our receivers to
be recorded in a VLBI run for
the first time, at an unprecedented 4 Gbps. An equivalent
system was also deployed at
the GBT, and in addition the
10 VLBA antennas were used
at their standard data rate of
256 Mbps. The targets for this
search were the weak central
images of 8 gravitational lenses. While data reduction is still
underway, the signal-to-noise
ratio in a 10-sec integration on
the Arecibo-GBT baseline was
1700:1 for a 122 mJy compact
source, making this the most
sensitive radio interferometery
ever.

in sensitivity from today’s
standard VLBA+Y27+GBT+Ar
observations (at 256 Mbps
rate).

The phase referencing technique in VLBI observations
makes it possible to study
weak radio sources by increasing the effective coherence
time from a few minutes to
hours at a stretch. About 50%
of VLBI experiments now use
this approach, though it encounters limitations at Arecibo as the telescope has slow
slew rates. Hence, in a typical
phase-referenced
observation, where the calibrator may
be located 3o or more from
VLBI experiments have diverse
the target, often ≥ 50% of the
motivations. Three examples Fig. 16: The unresolved, compact, radio component of SN 2001em six observing time is lost in slewyears after its explosion. Courtesy: Z. Paragi
follow.
ing between the two source
positions, which leads to sethe explosion, with no evidence for
Forbrich et al. attempted to detect the existence of a jet. This suggests vere losses in the signal-to-noise ratio.
non-thermal coronal radio emission that the source of the radio continuum However, phase-referenced VLBI exfrom four proto stars with sub-AU spa- emission in this instance is interaction periments can be made more efficient
tial resolution and µJy sensitivity using of SN ejecta with a dense circumstellar if a smaller “auxiliary” telescope were
Arecibo in the HSA. They detected medium.
to be available in proximity to the
8.4-GHz radio emission at the 9-σ level
305 m. This would be used to continufrom the Class-I proto star YLW-VLA2 VLBI Developments: While charting ously track the phase calibrator while
in the Rho Ophiucus molecular cloud, the course of VLBI science in the US the large antenna observes the target
constraining its coronal region to be for the decade of 2010, the Taylor and only occasionally moving to the calibra< 0.4 × 0.1 AU. The noise level was Lonsdale Committee (2004) noted, tor. The corrections for ionospheric/
~15 µJy/beam.
“Provided certain highly cost-effective tropospheric phase fluctuations are
steps are taken, the scientific reach then derived from the small-telescope
Lonsdale et al. recorded parsec-res- of the VLBI technique will lengthen data and applied to data obtained with
olution spectral-line data for two ep- dramatically within 10 years. In practical the 305-m dish. A 12-m class antenna
ochs separated by 15 months from the terms, this means that a steadily wider would be adequate for this task. We
innermost regions of Arp 220. Many range of targets, from stars to masers are seeking to purchase a modern, off
of the supernova-related radio continu- to star-forming galaxies and gamma the shelf, antenna using funds made
um point sources in their spectral maps ray burst afterglows, will become available to us from the Puerto Rican
exhibit OH absorption or maser emis- accessible to this powerful technique”. Bond issue.
sion from intervening gas. This pro- The report also produced a pathway
vides a sampling of conditions along to technical developments that it Present-day VLBI offers the highest
very narrow and specific lines of sight considered part of the “cost-effective sensitivity radio astronomical observathrough the nuclear environment. steps”. Over the past three years, both tions yet achieved, with noise levels
There is evidence for variability in the we at NAIC and our colleagues at presently approaching 1 µJy/beam for
OH properties on timescales of ~1yr.
NRAO have been following this path arrays using the world's most sensitive
in terms of equipment procurement telescopes. Hence, the 305-m Arecibo
Paragi et al. detected a compact and technique development. This has telescope is being increasingly used in
radio component at the position of been with the help of highly successful experiments to detect radio emission
SN2001em (Fig. 16), which
was collaborations with MIT-Haystack and from very weak, very compact, astrothought to be associated with an off- the European VLBI Network (EVN). nomical targets such as X-ray stars, disaxis Gamma Ray Burst event showing The conversion to totally disk-based tant supernovae and their remnants,
late X-ray and Radio brightening. These operations has already occurred, Gamma-Ray Bursts, and red-dwarf and
types of GRBs are usually thought to and the planned upgrade to routine other stars. For these sensitivity levels
be misaligned relativistic jets. From data recording speeds of up to 4 to be reached for targets of very low
subsequent maps, the supernova was Gbps during the next three years intensity, it is essential that phase-referfound to be unresolved 6 years after will provide us with a 4-fold increase encing be used.
December 2008, Number 44
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Deploying Arecibo in a VLBI network
increases both its sensitivity, and the
attainable astrometric precision. In
particular a wider range of stellar
targets become detectable. This can
be exploited in various ways. One
such is to look for extra-solar planets
from the modulation they induce in
the position of the central star: thus
the VLBA is presently being used to
look for planets around M-dwarf stars.
With the presence of Arecibo this could
be extended to appreciably earlier,
more Sun-like systems. Similarly, a
414 ± 7 pc distance has been estimated
from the parallaxes of a few stars in
the Orion BN/KL region derived from
8-GHz observations: the number
and stellar type of objects, as well
as the range of clusters suitable for
such measurements, would increase
if Arecibo were to be deployed.
Likewise, high-precision astrometry
of pulsars over multiple epochs can
provide their positions, proper motions,
and annual trigonometric parallaxes.
Due to the weakness of most pulsars,
with duty cycles of typically <10%, the
participation of Arecibo with phase
referencing is vital.

10 lower than those detected by ALFALFA, whose detections are heavily
biased towards blue, star-forming galaxies, so it detects only a small number
of gas-rich, green-valley objects. The
second, ULIRGS (A2332), is a survey of
all known OH megamasers in the Arecibo sky to determine the magnetic field
strengths in their nuclei. This program
has had about half of its requested 455
hours thus far, as it is able to operate in
twilight time that no other survey besides pALFA wishes to use.
The gALFA Disk-Halo survey (A2060)
PI Putman was completed this year,
so the immediate emphasis of gALFA
has moved on to I-gALFA, their lowlatitude HI survey of the Inner Galaxy.
The I-gALFA survey intends to map all
of the HI in the inner Galactic disk visible to the Arecibo telescope within
10 degrees of the Galactic plane. This
survey investigates (i) the cold atomic
gas in and around molecular clouds,
(ii) the faint, high-velocity, H I emission
associated with old, hidden, supernovae shells and the chimneys associated with star formation and disk-halo
energetics, and (iii) stochastic filamentary structure from turbulent energy
cascades and magnetic fields. The total field area of 1157 square degrees
requires 310 hours. For an angular
resolution of 3.35’ with 0.184 km s-1
velocity channels, the I-gALFA emptyfield sensitivity Trms ~ 0.25 K is 10 times
better than either the Canadian or VLA
Galactic Plane Surveys, which have a
1’ beam, but 0.824 km s-1 channels and

The major development this year has
been the commissioning of the FPGAbased ‘Mock’ spectrometers for spectralline and continuum observations using
ALFA: they are expected to be available
soon for pALFA too. At that point all
of the ALFA consortia will operate in
their optimally preferred modes. In particular, this development has enabled
both AUDS and GALFACTS to begin
their surveys this fall; they will soon be
joined by ZoA and RRL observing commensally with pALFA (and SETI), while
GALFACTS2 is already observing commensally with I-gALFA. Table 1 lists the
various sub-consortia, and their commensal partners.

AUDS – the ALFA Ultra-Deep Survey: In its precursor experiment AUDS
demonstrated that it could achieve
noise levels of less than 50 µJy from
integration times of ~40 hours per
telescope pointing.
This translates
into an HI mass sensitivity of a few
times 108 solar masses at a redshift
z ~ 0.16. AUDS has been waiting for the
300-MHz bandwidth capability of the
Mock spectrometers, to begin its blind
HI survey of just 0.36 square degrees
with an unprecedented 50 µJy sensitivity over the redshift range z < 0.16.
The resulting survey will be an order
Update on the Arecibo Surveys
of magnitude more sensitive than any
Murray Lewis (NAIC)
other HI survey carried out at Arecibo.
wo non-ALFA surveys, GASS and
Its main scientific goals are to investiULIRGS, started this year. The first,
gate the evolution of HI gas over cosGASS, the GALEX Arecibo SDSS Survey
mological time in the universe, to ex(A2335), is a large targeted survey deplore low-density gas around the edgsigned to measure the HI content of
es of galaxies, and, perhaps, to directly
~1000 massive galaxies, unidetect Lyman-limit systems.
Table 1: Sub-consortia and
formly selected from the SDSS
This survey will provide for the
Commensal Partners
spectroscopic and GALEX imfirst time a direct link between
aging surveys.
Its principal
ALFA
Identifier
Commensal HI absorption-line measuregoal is to provide an unbiased Consortium
ments at high and intermediate
view of the processes respon- pALFA
P2030, P2177, P2283
ZoA
redshifts and 21-cm emission
sible for the transition between
RRL
line measurements at low redblue, star-forming spirals and
shifts. To achieve its aims, AUDS
eALFA
ALFALFA (A2010)
TOGS
red, passively-evolving elliptiAGES (A2048)
TOGS
needs to almost monopolize
cals. The combination of SDSS,
AUDS (A2133)
the telescope for about three
GALEX, and Arecibo data will
years in dark time, while its two
gALFA
Disk-Halo (A2060)
result in a unique, homogefields transit (0715–0900 and
I-gALFA (A2186)
GALFACTS2
neous dataset of structural and
1545–1800 LST). The AUDS
ZoA
physical parameters, star formaGALFACTS (A2130)
TOGS2
time request is for 980 hours.
tion rates and gas properties of
massive galaxies. This proposal SETI is commensal with everything
GALFACTS: As part of the gALrequested 840 hours, of which
less latitude coverage. I-gALFA has two FA consortium, the gALFA Continuum
~60 have been used to date. Already commensal partners (GALFACTS2 and Transit Survey (GALFACTS) is underGASS has demonstrated that it detects ZoA). I-gALFA completed 3 of their 5 taking a spectro-polarimetric survey of
galaxies with gas fractions a factor of strips, and should finish in 2009.
the entire Arecibo sky. GALFACTS will

T
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be a major observational advance in
imaging of the polarized radiation from
the Milky Way and other galaxies, and
promises a transformational advance
in our understanding of the magnetic
field of the Milky Way, the properties
of the magneto-ionic medium, and
the role of magnetic fields in Galactic
processes. It will, in addition, explore
the polarization properties of a vast
number of extragalactic radio sources
with L-band intensities down to submJy levels. The GALFACTS survey
promises to be one of the most important legacy surveys enabled by ALFA.
It has been waiting for the Mock spectrometers, and for a solution to the recovery time issue for the ALFA system
after being bombarded by a San Juan
airport radar pulse. GALFACTS has
otherwise demonstrated its ability to remove the effects of the telescope sidelobes from the data (see AO Newsletter
#42). It requires 1512 hours, began in
October 2008, and should be completed in three years. ZoA is commensal.
pALFA: A deep search of the Galactic Plane for pulsars and transients is
being conducted by the pulsar consortium, pALFA (P2030), at latitudes
within 5° of the mid-plane for the two
longitude sectors available to Arecibo.
Its follow-up timing projects (P2177,
P2283), which commenced in March
2007, routinely acquire full-Stokes arrival-times on some of its discoveries.
Some of these are also being timed at
the GBT, Jodrell Bank, Nançay, Parkes
and Westerbork. As progress with the
survey has been restricted by the telescope painting project and the slow
deployment of the Mock spectrometers,
pALFA concentrated its effort this year
on evaluating the best pulsar candidates identified from its earlier work
with the 100-MHz bandwidth WAPPs.
It has confirmed two new millisecond
pulsars (MSP), and several longer period objects since January 1st. To date
it has discovered three MSPs, and all of
these have potential for incorporation
into the pulsar timing array for gravitational wave detection. The most important, J1903+0327, was discussed in
Newsletter #43.
The pulsar community has until now
used the WAPPs while waiting for the
Mock spectrometers. This has enabled
December 2008, Number 44

them to ramp up their activities for handling their enormous data flow, and to
test their detection rate against earlier
predictions. After a detailed review
of the factors affecting their detection
rate, pALFA concluded that (1) survey
observations should indeed use the
Mock spectrometers to increase the
product of bandwidth and integration
time (BT) by a factor ~6, particularly for
galactic longitudes 32° ≤ l ≤ 60° where
a significant volume is occupied by pulsars inside the solar circle; (2) the data
processing pipelines should search to
larger DMs than has been the current
practice. pALFA is in discussions for
processing data with Einstein@Home
clients in areas of parameter space that
cannot be searched by its facilities owing to throughput issues. It asks for 450
hours of the Galactic Plane window
each year: the portion of this for P2030
(the primary survey) is allocated in dark
time to enable its commensal partners.
Two of the eALFA subconsortia, ALFALFA and AGES, have continued
through the year collecting data using
the WAPPs. ALFALFA is likely to finish
in this mode, as it has now used more
than 60% of its time. It is featured in
Newsletter #43. AGES has thus far
been allocated about 25% of its requested total. It is featured in Newsletter #41. The three eALFA sub-consortia
and GASS have conflicting time requirements. Once ALFALFA completes its 4°
declination strip, AUDS will as much as
possible monopolize astronomy dark
time in the sidereal slots it requires,
while elsewhere time will be allocated
between ALFALFA, AGES and GASS in
the approximate ratio of 2:1:1.
Commensal Surveys:
Zone of Avoidance (ZoA) is a commensal partner of pALFA and GALFACTS.
It is in practice a blind HI survey for
galaxies that seeks to detect HI emission from galaxies that are optically
obscured or whose NIR signal is confused by Galactic emission. ZoA will
use a copy of the IF signal obtained
by pALFA, and, via the second set of
Mock spectrometers, will process it as
an extragalactic redshift search across
200 MHz of spectrum. This survey is
aimed at uncovering the large-scale
structure in the distribution of galaxies
11

behind the Milky Way. It is described
further in Newsletter #43.
Radio Recombination Line (RRL) Survey
is likewise commensal with pALFA (and
ZoA). RRL works with the same IF signal as ZoA, but will process it to survey
hydrogen and helium recombination
line spectra from localized sources in
our Galaxy. RRLs probe physical conditions in the warm diffuse medium.
The combination of this survey with
MSX, ISO, 2MASS, NVSS, as well as GALFACTS and gALFA-H I offers a powerful
multi-wavelength probe of the Galactic
ISM.
TOGS and TOGS2 (Turn On Galfa Spectrometer) run commensally as Galactic
HI surveys whenever ALFALFA, AGES
or GALFACTS are using the telescope.
Two current results from TOGS data
are featured in Carl Heiles’s contributions to this issue; an earlier result is featured in Newsletter #42.
SETI currently uses a multibeam data
recorder on ALFA’s 7 beams and 2
polarizations, to record time domain
baseband data whenever ALFA is
in use. The subsequent analysis by
seti@home volunteers covers 13 octaves of bandwidth and timescale, using coherent integration to search for a
variety of signal types, including signals
with drift rates up to 50 Hz. The processing averages 200 Teraflops.

CIMA News
Mikael Lerner (NAIC)

T

he New Generation of CIMA:
CIMA went through its biggest
upgrade so far with the introduction
of version 3.0, the new generation of
CIMA, on 12 June 2008 which became
the default version (the one called ‘Normal’) on 27 October 2008. Observers
who have used CIMA version 2.3 will
recognize themselves, since version 2.3
for a long time has been the development version that turned into version
3.0 when it was officially released.
The most obvious modification may be
the face-lift most of the CIMA windows
have received. This has been done to
make CIMA easier to use. The new windows now have a lot of control logic to
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prevent the observer from making mistakes as well as on-the-fly error checking of input values. Pulsar observers
will see a change in how observations
are performed: they are no longer run
from the backend window but from a
dedicated observing window (in the
same way as spectral line observations
are done). In terms of new observational capabilities, version 3.0 is the first
(official) version to support the WAPP
dual board mode as well as the new
Mock spectrometer.
The improvements come with a price
though, and that price is the fact that
files used with the older generations of
CIMA no longer are compatible with
the new version. There are especially
four areas that users of older CIMA versions should pay attention to:
•

•

•

•

All old configuration files (‘.gui’,
‘.iflo’ and ‘.wapp’) created by version 2.2 and older are INCOMPATIBLE with version 3.0. It is thus necessary to create new configuration
files (‘.conf’) using the new version.
This can easily be done in off-line
mode.
Source catalogs may need updating if they don’t have a a coordinate type, reference velocity, velocity frame and velocity type defined
for all sources.
There has been a number of changes to the command file syntax so
most observers using command
files will have to update their command file scripts.
There is a new set of preferences
to select from, including a number
of options to customize the log format.

It is highly recommended that you try
out the new version of CIMA in an offline session before getting on the telescope. By doing that you will not only
familiarize yourself with CIMA, but can
also save valuable observing time by selecting preferences, setting up configuration files, checking source catalogs
and test run your observing plans and
command files.
The next version of CIMA, version 3.1
including improved support for the
Mock spectrometer as well as the new
smart basketweave observing mode
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(both described further on), started being used in the beginning of November and will become an official version
in the beginning of December.
Information on the new versions of
CIMA is available at http://www.naic.
edu/~cima.
Smart Basketweaving: Smart basketweaving is a new observing mode
introduced in CIMA version 3.1 which
is intended to replace the old ‘basketweave scanning’ mostly used by
the GALFA consortium. It addresses a
number of the short-comings of the old
mode and makes basketweaving much
easier and robust. The main features of
the new mode is:
• It maintains almost all options from
‘basketweave scanning’ including
the possibility to observe either in
true Az/ZA or in J2000 with a negative sidereal rate. The two options
that are no longer supported is
‘Number of cals’ to fire multiple onoff cal sequences at the turn around
points, which is an option that has
never been used, and the possibility
to do Doppler corrections, since it is
not a very useful thing to do for this
type of observations.
• The observing mode parameters
as well as a list of all tracks to be
observed in the specified field are
stored in a track-file. Information
about observed tracks is automatically written to this file and CIMA
can use this information to figure out which tracks have not yet
been observed. Smart basketweaving can thus be run so that CIMA
by itself determines which track to
observe depending on the current
telescope position and which tracks
still need to be observed.
• The start can take place from an
arbitrary ‘lambda’ phase, so there
is no longer any need to start outside the field of interest just to get
the track lined up properly. Smart
basketweaving
calculates
the
proper declination for the start
LST and starts observing from that
point. This also works if an observation starts late so that the start LST
has been missed. The smart basketweaving is calculating where it
can catch up and resumes observ12

ing from that point.
• Observations can thus easily be
restarted after a crash or an abort.
This also works for command file
observations that use the automatic track selection, since the selected
track is remembered. CIMA will thus
continue on the same track when
the observation is restarted, regardless of whether it is restarted from
the observing menu or from the
command file.
• There is no longer a need for complicated command files to select
tracks and start points. Once a track
file has been generated, CIMA can
observe all the tracks (one per day)
without any need to modify either
the track-file or the command file,
thus eliminating any risks of human
mistakes.
• There are new command file commands to allow CIMA to automatically decide whether there is time
to run GALFA ‘smart frequency
switching’ calibration observations
before or delay it until after a smart
basketweave observation.
First scientific use of smart basketweaving occurred on 3 November 2008.
The web page describing smart
basketweaving is located at http://
www.naic.edu/~cima/cima_smart_
basketweaving.html. It is expected that
all projects will switch over from the old
mode to the new one once they have
finished any on-going fields.
Mock Spectrometer Observations:
The Mock spectrometer has been integrated into CIMA starting with CIMA
version 3.0 which supports Mock spectrometer observations with the ALFA
receiver in all spectral and pulsar observing modes. Observers trying out
the Mock spectrometer with 3.0 will,
however, have to endure a flood of debugging messages in the log window.
More serious users are better off with
version 3.1 where you can avoid this
debugging information. This version
also has some extra options that allow you to run the Mock spectrometer
winking cal during most types of observations. Another feature is the possibility to select between continuous and
scan-based datataking for spectral line
modes.
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The Mock spectrometer can be run
alone or in parallel with the WAPPs
and/or the GALFA spectrometer. However, it can only be used with ALFA so
far. A 1-GHz single-pixel receiver capability will be implemented in the future.
Note that even for ALFA observations,
the Mock spectrometer itself is not fully
implemented and there are thus restrictions on how it can be used. Any user
who wants to use the Mock spectrometer should discuss their plans with Arecibo staff before starting an experiment
involving the Mock spectrometer.

Evolution of Galaxies Conference
Robert Minchin (NAIC)

L

ast February, around 100 astronomers came to Arecibo Observatory
for a conference on the Evolution of
Galaxies through the Neutral Hydrogen Window. The main aims of the
conference were to look at what can be
achieved in the run-up to the SKA and
to bring in people who would not normally attend an HI meeting. However,

ference were published in September
as AIP Conf. Proc. 1035, edited by Robert Minchin and Emmanuel Momjian,
and became the first AIP conference
proceedings to include multi-media
material. The proceedings is available
on the AIP website, with links to all articles from the ADS.

Pulsar Timing Array Workshop
Andrea Lommen (Franklin & Marshall)

T

he Arecibo Observatory was host
to the first annual International Pulsar Timing Array Workshop in August,
2008, which brought together representatives from the European Pulsar
Timing Array (EPTA), the North American NanoHertz Observatory of Gravitational Waves (NANOGrav) and the
Parkes Pulsar Timing Array (PPTA) to
investigate the possibility of an international consortium and to celebrate Don
Backer’s 26+1 birthday. Arecibo was a
fitting locale in which to honor Don’s
contributions to the field, and an appropriate place for the meeting given
the important role Arecibo plays in international pulsar timing programs.

Steve Schneider giving a talk at the HI conference, held in the Angel Ramos Visitor’s center auditorium,
Arecibo Observatory.

many familiar names
were also present: Riccardo Giovanelli presented
a vision of future extragalactic HI surveys at
Arecibo, looking at what
would be possible with
a 40-beam focal-plane
phased array feed and
there were presentations from members of
the ALFALFA, AGES and
GASS teams as well as
posters describing all the
surveys being carried
out with Arecibo. The
proceedings of the conDecember 2008, Number 44

All parties were in favor of international cooperation – it seems clear that
this is the way to achieve our common
goal of gravitational wave detection in
5–10 years. As a result of the meeting a
small international committee has been
formed of 2 members from each of the
3 consortia in order to orchestrate the
work that we want to do together. We
are committed to sharing data with
each other freely, and making our data
easily available to the public after a discretionary period, and this has been
designated the first order of business
for the international committee.
For meeting products please go to
http://nanograv.org/ and click on
“Meetings”. Soon the NANOGrav site
will also host the data. We are working with Adam Brazier and the Cornell
Theory Center to make this possible.

EVN CBD Meeting at Arecibo
Tapasi Ghosh & Chris Salter (NAIC)

T

he Arecibo Observatory hosted
the European VLBI Network Consortium Board of Directors (EVN CBD)
meeting on the 3rd and 4th of November, 2008. Nineteen participants, directors of almost all member institutions of
the EVN, plus the chairmen of the EVN
Programme Committee and its Technical Operations Group, took part.
The first day commenced with a telescope platform tour. It was wonderful to see so many renowned radio
astronomers enjoying a close-up-andpersonal view of our “big dish in a sink-

Meeting participants: L-R
Back Row: Hans Olofsson, Richard Porcas (between rows), Michael Lindqvist, Leonid Gurvits, Rene Vermeulen, Arpad
Szomuru, Colin Lonsdale, Jim Ulvestad, Huib Jan van Langevelde, Michael Nolan, Front Row: Tapasi Ghosh, Chris Salter,
Simon Garrington, Xiaoyu Hong, Patrick Charlot, Luigina Feretti, Roy Booth, Rafael Bachilter, Walter Alef,
Ari Mujunen, Paco Colomer, Don Campbell. Missing from photo: Andrzei Kus.
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hole”; for many, it was their first-ever
visit to Arecibo! The rest of the working day was filled with an exciting scientific session. This was followed by
dinner at El Observatorio, our nearby
restaurant just 1 km outside the Observatory gates. There, we from Arecibo
Observatory also had the opportunity
to formally thank the Director of the
High Performance Computing Facility
(HPCF) of the UPR, Dr. Humberto Ortiz
Zuazaga for the HPCF’s generous assistance which has enabled us to achieve
512 Mb/s eVLBI connectivity to JIVE.
The Board’s meeting continued
through the next day, which was election day in both the U.S. and Puerto
Rico, with its formal business sessions.
Despite this being a holiday in Puerto
Rico, the observatory staff went out of
their way to make arrangements work
as smoothly as usual. Participants were
advised not to go “off campus” that
day for fear of meeting roads blocked
by celebrating (or otherwise!) crowds
as the election results came in. Consequently, a barbeque dinner by the
swimming pool was arranged for the
evening. Despite heavy rain greeting
the start of the dinner, the spirits of
the visitors were kept high by the excitement of watching the US election
results on a big TV projection screen especially installed in the meeting room.
In all, it was two historic days both for
Arecibo and the wider world.

Radio Hams Day at Arecibo
Angel M. Vazquez WP3R
President KP4AO Amateur Radio Club

O

n the 23rd of November the Arecibo Observatory Amateur Radio
Club, KP4AO, held a “Special Event
Day”for the amateur radio community
also known as “hams”. The term “amateur” is not a reflection on the skills of
the participants, which are often quite
advanced; rather, “amateur” indicates
that amateur radio communications
are not allowed to be made for commercial or money-making purposes.
The club was commemorating the
45th Anniversary of the Arecibo Observatory Radio telescope.
We invited hams and their families
from all over the island to transmit from
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Standing from left to right: Rey Velez-KP4REY, Carlos Luciano-WP3MD, Serafin Martinez-KP4FIE, Juan
R. Montijo-WP4OV, Abimael Padro-KP4RY, Jose L. Roman-WP3HY, Willy Portalatin; Seated: Angel M.
Vazquez-WP3R, Wilfredo Aviles-KP4ARN.

our Control Room. Close to 200 participated on that very rainy Sunday. With
70 operators rotating at the microphone, we contacted over 500 hams
from all over North America, including South America, Europe, Russia and
Asia. All those who transmitted in the
control room and those who made a
radio contact with our station receive a
signed certificate from KP4AO confirming their participation.
Possibly for the first time ever, we setup
a webcam in the CR making it possible
for the remote stations and others to
actually see themselves during a contact or just experience cybernetically a
ham “Special Event”.
A very special thank you to NAIC for allowing us this opportunity and to ALL
our excellent staff here at the Arecibo
Observatory for an outstanding job. In
the voices of many “The best Amatuer
Radio Special Event in the history of the
Island”.

ARCC Students Discover Their
First Pulsar While at Arecibo
Rossina Miller (U. Texas at Brownsville)

O

n Dec 13th, students from the
Arecibo Remote Command Center (ARCC) traveled from their home in
Brownsville, Texas to conduct on-site
observations for the PALFA pulsar survey. This trip was the first visit to Arecibo for several of the ARCC students,
and it proved to be a most eventful one.
The ARCC program, created by Dr.
Fredrick Jenet at the University of Texas
at Brownsville, integrates high school,
undergraduate, and graduate students
together in a research effort focused
on pulsar astronomy. The program
is designed to involve students in research early in their scholastic careers
as well as foster an ability to work with
others located at different levels of the
academic ladder.
On Sunday, Dec. 14, the ARCC students
were in the AO control room observing
for the PALFA pulsar survey. Undergrad

The ARCC students explore the Dish, from up on high to down below. Left picture, Jose Martinez
brings up the rear of the group. Right Picture, High school students Jonathan Castillo and Hannah
Upton explore the platform.
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Drew Fleckenstein was reviewing the list of pulsar candidates
generated from observations
performed the week earlier. One
source with a period of 334.73 milliseconds located at RA 19:17:29.1
DEC:17:36:41.1 stood out among
the myriad of false alarms generated by the search software.
Shortly after Fleckenstein found
this source in the data, he called
Dr. Jenet in for a quick consultation and Jenet immediately asked
The ARCC observation team at the control room at the
Anthony Ford, the ARCC student Arecibo Observatory. From left to right, (Front) Rosleading the observing session, to sina Miller, Jose Martinez. (Back) Anthony Ford, Jesus
point the telescope at this new po- Rivera.
tential source. Graduate Student
great way for Puerto Rican students to
Kevin Stovall was virtually observing
begin to develop a sense of ownership
with the team back in the ARCC room
of this remarkable scientific facility.”
in Brownsville while the confirmation
run was going on. Stovall quickly anaARCC is a program that has been exlyzed the follow-up data. The analysis
panded to include observing groups at
revealed that the source was still there,
other universities. In fact, students
at the second ARCC program at
the University of Wisconsin-Milwaukee were controlling the telescope during the initial discovery
observation of this new source.
The main goal of the ARCC is to
get students excited by the science performed at the Arecibo
Observatory. “I am really glad to
have been able to visit the Observatory and I would love to come
back and hopefully do some more
The ARCC observing team with local Puerto Rican un- work here,” said Jose Martinez, a
dergraduates from Metropolitan University. From Left to high school ARCC student.
Right, (Front) Jose Martinez, Rossina Miller. (Back) Kaisa
Muller, Carlos Rivera, German Castillo.

shining brightly. The ARCC students
discovered their first pulsar! Ford, remarked, “It was a long overdue feeling
of excitement and elation. I mean it’s
not everyday that you discover an unknown pulsar.” Alex Garcia, a freshman
physics major in the ARCC program assisting Stovall in the data analysis comment, “It was pretty amazing to be the
first to see this new pulsar.”
This trip also provided an opportunity
for a group of local Puerto Rican students from the Metropolitan University
of San Juan to see the ARCC students
in action, with the goal of creating
their own remote command center at
their university. Andy Miller, a local
high school physics teacher involved in
ARCC, remarked that “ARCC provides a
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An Arecibo HI Science Vision
Murray Lewis (NAIC)

A

large fraction of the time on the
Arecibo telescope is now spent
observing HI, mostly as part of surveys
both galactic and extragalactic. An intrinsically compelling HI Science case
exists, and is outlined below. With the
decadal survey upon us, comments are
welcome (blewis@naic.edu).
The Maximum Entropy Principle mandates the Gaussian distribution as the
statistical distribution function for noninteracting particles (Nakamura, T. K.
ApJ 531, 739; 2000). When applied to
a non-rotating, self-gravitating system,
the resulting mass distribution is the
isothermal sphere (eg. Binney & Tre15

maine in Galactic Dynamics, chapter 9).
This is characterized by a constant one
dimensional rms velocity σ. Its mass
within any radius r, M(r), is then strictly
proportional to r, while its magnitude
is set by σ. Hence, M(r) for a system
in long-term equilibrium is set entirely
by the parameters of the isothermal
sphere: it is completely independent
of the exact nature of the non-interacting mass, whether composed of stars,
black holes, dark matter particles, or a
mixture of them all.
Under the ΛCDM paradigm noninteracting particles provide most of
the mass of a galaxy, the majority in the
form of dark matter, with most of the
visibly identifiable baryons located in
stars. We therefore expect the essential mass-distribution of a galaxy to follow that of an isothermal sphere. This
is readily seen to be so. Spiral galaxies
have extended flat rotation curves: the
rotation velocity V(r) in almost every
well-studied galaxy is constant after
some finite radius to the limit of observation, as mandated by the underlying
isothermal sphere. However, the rotation curve should then also be a step
function through the nucleus. Since
this is an unseen idealization, the extent
of the departure of the rotation curve
from that of a step function is a measure of the degree to which it departs
from large-scale dynamical equilibrium
near the nucleus. Moreover, since
dynamical equilibrium is established
most quickly in the nuclear regions of
an isothermal sphere composed of a
single mass species, I contend that this
circumstance points to the existence of
active dynamical processes that are recruiting baryons to the central regions
of every spiral galaxy at the expense of
dark matter.
How do HI studies fit into this scenario? Most baryons in the universe are
ionized and located in either the intergalactic medium or the halos of galaxies. As these baryons cool en route
to forming stars, they must undergo a
phase transition to neutral hydrogen
(HI), and may then subsequently undergo a phase transition to molecular
hydrogen, before being incorporated
into stars. So HI studies are necessary,
both to understanding the primary
processes of galaxy formation and asNAIC/AO Newsletter

sembly, and to understanding the precursor steps to star formation. HI observers study these processes in two
contexts at Arecibo. The first is via the
integral properties of a galaxy, which
may be modified by mergers, by its intrinsic size, and by its environment: this
is the robust approach used by eALFA.
The second context is by studying the
multitude of processes involved in our
Galaxy’s interstellar medium (ISM), as
it is buffetted by accretion, star formation, and conditioned by turbulence
and magnetic fields. This approach is
followed by gALFA, as it explores the
multitude of processes involved in our
Galaxy’s gas economy. The behaviour
of the ISM is affected by large-scale
turbulence, and by the presence of
cosmic rays and magnetic fields, quite
apart from the injection of energy from
supernova outbursts, bursts of star formation, as well as from sundry other
denizens of the Galactic zoo (O-B stars,
µ-quasars, the central black hole, Galactic γ and X-ray sources, etc). Our Galaxy
is much the best laboratory for these
explorations, as it is close, allows better angular resolution, and potentially
allows for the identification of many of
the sources of energy injected into the
ISM. This can be an embarrassment of
riches.

Most HI studies of our Galaxy depend
on first completing a mapping survey,
so that the HI column density is determined as a function of position and velocity. Arecibo is ideal for this, given its
sensitivity, angular resolution, and complement of high-resolution spectrometers, now it is equipped with ALFA.
gALFA exploits these capabilities. For
instance Stanimirovic et al., ApJ, 680,
276 (2008), examined the northern extremity of the Magellanic Stream, and
find that its tail branches off into four
sub-streams, which is consistent with
some tidal-model predictions. They
also examined the numerous individual HI clouds in this region, and suggest
that these may have been created by
thermal instabilities, which is one context for gathering data on the HI/ionized gas phase transition. Likewise, the
accompanying item here by Carl Heiles
describes the interaction of an in-falling
HVC with Galactic Disk HI, an example
of baryon recruitment.
Extra galactic HI studies have long focused on the formation and evolution
of galaxies. One major topic for Arecibo is the accretion of HI, and the resulting opportunities for delineating
the mass, size and evolution of galaxies within the radial range of detect-

able baryons. Another is to suss out
the lower limits to the HI mass of low
mass galaxies, and to whether any of
these can be found in the voids of the
galaxy distribution. Yet another is to
explore the limits to the detection of HI
emission from gas-rich non-interacting
disk galaxies in relatively isolated fields
selected from the initial installments of
the Sloan Digital Sky Survey (SDSS). The
study by Catinella et al. (2008) pioneers
the use of Arecibo in detecting galaxies in the redshift interval 0.17–0.25
(2–3 Gyr look-back time), with
MHI = (3–8) 1010 M. Ten galaxies were
detected with on source integrations of
up to three hours, including one with
the largest z ~ 0.25 for detected HI
emission to date. This program shows
that we can study the HI properties of
field galaxies at cosmological distances.
Finally, the mapping of the distribution of galaxies in position and redshift
delineates the large scale structure
of baryon concentrations in the local
Universe. Figure 17 shows that HI observations complement and augment
optical studies of large scale structure.

Fig. 17: Radial distribution of 5670 galaxies with measured radial velocities cz < 8000 km s-1 in the ALFALFA strip from 7h:30m < RA. < 16h:30m and
+08° < Decl. <+16°. Different colors denote galaxies whose redshifts are drawn from, respectively, optical only (red), HI only (blue) and both (green).
The HI—rich galaxies trace the same structures seen by optical surveys; the few ‘void” galaxies seen here are gas rich as expected. When complete,
ALFALFA will provide a statistically complete picture of the local filament and void population. From Haynes (2008).
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COMINGS AND GOINGS
Welcome, Ji-Hyun Kang
Robert & Helen Minchin
Ji-Hyun Kang has recently joined
the observatory staff as a post-doc in
the astronomy department. She was
previously at Seoul National University, where she
worked
with
Bon-Chul
Koo.
Ji-Hyun defended her Ph.D. on
"Neutral Atomic
Hydrogen Gas at
Forbidden Velocities in the Galactic Plane" on the 1st of September and
jumped straight on a plane to arrive at
Arecibo on the 3rd. She will be continuing her work on forbidden velocity
and high velocity neutral hydrogen in
the Milky Way and 21-cm and continuum studies of supernova remnants, as
well as working on the G-ALFA inner
galactic plane and TOGS surveys. Bienvenidos, Ji-Hyun!

Nos Vemos, Daniel
Chris Salter (NAIC)
In the wake of the Senior-Review cutbacks, Daniel Altschuler retired from
NAIC in June 2007 following almost 20
years of dedicated service to the cause
of Arecibo Observatory. This included
12 years as the (longest-serving) Observatory Director. In his early days at the
Observatory, Daniel spent an extended
period as telescope scheduler in parallel with his scientific investigations of
the low-frequency variability of compact radio sources.

He assumed the role as Observatory
Director in 1991, and presided over a
period of unparalleled development at
Arecibo. Between 1993 and the turn
of the millennium, the telescope was
transformed into a 21st-century instrument via the Gregorian upgrade, the
ground screen project, and associated
equipmental and infra-structure developments. Indeed, nobody who stays
in the delightful North VSQs (Visiting
Scientist Quarters), or enjoys lunch under the Cafeteria Gazebo should forget
Daniel’s leading part in both of these
projects.
However, as well as working towards
augmenting the scientific potential of
the Observatory, Daniel never lost sight
of the importance of communicating
“Arecibo’s mission” to the wider public,
and especially to the people of his adopted homeland, Puerto Rico. Nothing
is more of a monument to his unique
passion for public outreach than the
Arecibo Visitor Center (VC), for which
Daniel personally raised the funding
that enabled its construction, this coming entirely from sources on our island.
He was also the prime mover in obtaining a large NSF grant to equip the
VC with its exhibits. The subject of the
VC cannot be left without mentioning
Daniel’s special relationship with the
Angel Ramos Foundation (ARF), who
so generously donated the lion’s share
of the monies for the building. Since
the VC opened in the spring of 1997,
an average of over 100,000 visitors per
year have enjoyed the “ARFVC experience”, some 35,000 of which each
year are Puerto Rican school children
who otherwise would have no physics/astronomy-based museum on the
island to feed their enthusiasm. The
ARFVC was followed in 2001 by the
ARF Learning Center, which Daniel
planned, and oversaw the construction
of, right next door to the VC. This has
since allowed the hosting of numerous
workshops at the Observatory both for
scientists and science educators.
In 2003, Daniel stood down as Observatory Director to become Director of
the Observatory’s Office for the Public
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Understanding of Science (OPUS). In
this guise he continued his personal
mission to take science to the public,
and especially to the population of
Puerto Rico. He has become a national
figure from his many articles that have
appeared over the years in the island’s
newspapers and magazines. I am sure
that I am not the only Observatory staff
member who is regularly stopped on
the streets of his neighborhood to discuss Daniel’s latest article in the Sunday
science supplement! In his stewardship of OPUS, Daniel particularly took
on the responsibility to educate the island’s science teachers concerning the
differences between Science and Pseudoscience. During the past six years,
he has also published three books, the
best known of which is “Children of the
Stars: Our Origin, Evolution and Destiny”, which has seen extended print
runs in English, Spanish and Italian,
with a German edition “in the works”.
In mid-2007 Daniel retired from the Observatory, but not from a scientific life.
Since 1979 he has been a Professor of
Physics at the Rio Piedras campus of the
University of Puerto Rico, and on leaving us he resumed his full-time duties
there. Daniel, you have been a unique
boss, a perpetual inspiration, and a dear
friend. We look forward to many more
years of interactions with you here on
our “Isla del Encanto”. Buena suerte y
hasta luego to both yourself and Celia.

Bob Kerr
Craig Tepley (NAIC)
Bob Kerr recently left his
position
as
site
director
at Arecibo. I
have known
Bob
since
1981 when I
first met him at
the University
of Michigan
where he was a fixated, yet sometimes
wayward, graduate student at the
time. A couple of years after that, he
visited Arecibo (the first of many trips)
NAIC/AO Newsletter

to begin his thesis research studying
the properties of the Earth’s hydrogen
geocorona using our optical equipment and radars. Bob has continued
his long association as a recurrent user
of Arecibo for nearly three decades,
becoming involved in a variety of fascinating projects. For example, he organized and launched key hydrogen
observing campaigns that involved
several other upper atmospheric facilities worldwide, and spearheaded local observations of comets Halley and
Wilson in the mid-1980’s using a small
astronomical telescope coupled to one
of our Fabry-Perot interferometers. He
wasn’t afraid to introduce new ideas
although I remember the comet work
turned-out to be very tedious and often
grueling, but nonetheless very rewarding. Throughout the period, Bob introduced several students to these fields
of research and many of them have become prominent figures in science and
engineering in their own right. I suspect Bob will continue his association
with Arecibo and be a key advocate
on our behalf for many years to come.
Bob has always kept the interests of the
Observatory in his heart and always in
focus. This was evident in the way he
conducted the business of running the
facility during his recent tenure as site
director of Arecibo, a position which
unfortunately for many, he left way too
soon. Nevertheless, he accomplished
much within his short term as director.
He established closer ties with local
government, industrial, and educational communities. He brought the value
of the Observatory and its exceptional
research capabilities more into public focus. He actively sought-out and
put into motion novel and creative avenues for sources of funding, as well as
initiated (albeit with some resistance)
imaginative incentive programs for the
wellbeing and morale uplift of Observatory personnel. These were all critical actions that were needed to help
Arecibo get through a difficult period
that we recently faced. Bob thrust himself into his work putting the interests
of the Observatory on the forefront
and I believe we all have benefited
greatly from his dedication and tireless
efforts, yet some of his talents and innovative ideas have not received the respect and appreciation they deserved.
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It is a shame that we didn’t have more
opportunity to further take advantage
of Bob’s innovative expertise.
Ok, this is the more serious side of Bob
Kerr. There is a less serious, perhaps
warped side as well that was sometimes apparent. I personally will miss
his distinctive artistic talents where
he often drew unusual pictures in the
early morning dew that formed on the
domes of the Airglow Lab, and inaugural gifts of his own personal style soon
after the Lidar Lab was built. (His humor is special yet difficult to detail in a
public newsletter, so use your imagination if you think you know Kerr.) On
a more general note, Bob loves many
of the things Puerto Rico has offered to
him over the years: winter league baseball, old Volvo station wagons with gomas problems, the beaches of Isabela,
cheap (and not so cheap) Scotch, great
coffee, hanging at Danny’s, school
sports, horses, and a shiny-new daughter, Zoe, who was born earlier this year
on the island.
Bob moved back to the Boston area
with his family, Sharon, Emily, Jeff, and
Zoe, and rejoined Scientific Solutions,
Inc., a company he formed some years
ago with one of his former students,
John Noto. His leaving Arecibo was
unfortunately not the best situation
for the Observatory, but I’m sure it was
in his own best interest and for those
of his family. To paraphrase another
talented Bob, he does indeed know
which way the wind blows. We will
surely miss Bob and the enthusiastic
spirit that surrounds him. I myself am
certainly proud to be a member of his
karass.

his Master’s thesis work at Towson University in 2002. Stephen has an unusually varied background, with experiences ranging from deep sea diving and
salvage, caving and rescue operations,
to consulting for the National Security
Agency. He has eight children, seven
of them adopted, and seven grandchildren to date. They have not yet visited
Puerto Rico. He loves working on the
platform, and is enjoying the open
friendly working environment at the
Arecibo Observatory. Making improvements to the 430-MHz receiver is one
of his current projects. We welcome
Stephen to Areicbo Observatory and to
Puerto Rico.

Bienvenidos Guarionex
Ganesh Rajagopalan
Guarionex Rivera joined the Electronics Department as Technician in July
2008, immediately doubling the technical manpower in the Receiver Group
where until then Carlos Rios was alone
in keeping all receivers cold! Guarionex holds a Bachelor’s degree in Electronics Engineering
& Technology from
the UPR campus
in Bayamon and
comes to AO from
Visual Concepts in
San Juan where he
worked on video
conferencing systems and audio/video equipment. He
enjoys working in the dome and the
fact that there is always something new
to learn everyday. In his spare time, he
indulges in automobile mechanics and
backpacking.

Bienvenidos Osvaldo

Welcome, Stephen Jensen

Ganesh Rajagopalan

Ellen Howell (NAIC)

Osvaldo Colon joined the Electronics
Department as Technician in May 2008
from the giant multinational Procter &
Gamble factory in
Manati. This has
been a refreshing
change from a Production Mechanical Operator to a
Digital/Motion
&
Control/Telephone
/Network Technician working in different areas of the
Observatory. He enjoys the diversity

Stephen joined the Arecibo Observatory in September, 2008. He brings much
needed expertise in radio frequency
engineering to our understaffed electronics group. He
helped build a receiver system for
solar observations
on the 40-foot telescope at NRAO in
Greenbank, West
Virginia, as part of
18
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of jobs on hand and the opportunity to
learn something new almost everyday.
He too holds a Bachelor’s degree in
Electronics Engineering & Technology
from the UPR campus in Bayamon, and
likes to spend time with friends racing
cars and playing Baseball & Basketball among other sports. He will soon
be the proud father of a baby boy in
March 2009.

Observatory. Formerly the Assistant Director for Technical Services, and Head
of the Planetary Radar Group, Mike has
been involved with all aspects of Obser-

New Interim Director
Ellen Howell

As of August 18, 2008, Michael Nolan
became interim site director at Arecibo

vatory operation for many years. Since
arriving as a post-doc in 1995, Mike
has worked with both hardware and
software during the final stages of the
Gregorian upgrade, getting the new
improved S-band radar system up and
running, and he was also involved with
various aspects of the painting project.
Mike continues to do a lot of radar observing, since the radar observations
are not usually possible from remote
sites. Mike brings a lot of experience to
this position, and is well-known by all
the Observatory staff. We welcome
him in this new capacity, and give him
our full support.

EMPLOYMENT OPPORTUNITIES

Research Associate / Post-Doctoral Associate in Radio Astronomy
The National Astronomy and Ionosphere Center (NAIC) has one or, possibly, two openings for a Research Associate / Post-Doctoral Associate in the radio astronomy group at the Arecibo Observatory in Puerto Rico. A
“visiting” appointment would also be considered. Applicants with research interests related to HI in our galaxy
or external galaxies, pulsars or VLBI observations are preferred.
The candidate selected will have competitive access to the 305-m diameter Arecibo telescope and its suite of
receivers spanning the frequency range from 300 MHz to 10 GHz, and its backend signal processors capable
of analyzing bandwidths up to 800 MHz. A Mark 5A VLBI system is used for ultra-wideband interferometric
observations with other large telescopes in the US and Europe. The multibeam, Arecibo L-Band Feed Array
(ALFA), and the community-based legacy surveys it supports, provides a wealth of opportunities for the successful applicant to be engaged in a collaborative role with the more than 100 students and scientists who are
conducting ALFA survey observations at Arecibo.
All NAIC staff are employees of Cornell University, which manages NAIC under cooperative agreement with
the National Science Foundation. Scientific staff members are expected to have broad scientific interests, and
for that reason a generous travel allowance is provided to encourage staff members to participate in scientific
conferences and maintain external research collaborations using other telescopes worldwide. Besides conducting an independent research program, on-site staff scientists are expected to advise visiting scientists on
all aspects of their observing programs, and to help define and implement improvements to the Observatory’s
instruments, observing techniques and signal processing facilities.
A PhD in astronomy or a related field is required. Research Associates are appointed for an initial three-year
period, while post-doctoral appointments are initially for one year with extensions possible up to three years.
All appointments at Arecibo are contingent upon the continuation of Cornell University’s cooperative agreement with the National Science Foundation for the operation of NAIC. Salary and benefits are competitive,
attractive and include a relocation allowance. Details will depend on the candidate’s qualifications and experience. Please send a complete curriculum vita, including academic, professional and personal data, a research
plan, and names and contact information of three references to: Director, NAIC, 502 Space Sciences, Cornell
University, Ithaca, NY 14853-6801 (or by email to Jill Tarbell, jtm14@cornell.edu). Inquiries may be sent to Jill
Tarbell as well. EOE/AAE. Applications will be considered starting on January 20, 2009. For further information about the NAIC Arecibo Observatory see http://www.naic.edu.
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Proposal Deadline
The next deadline for proposal submission will be 2 February 2009 (although proposals may be submitted at
any time). Submission for a given deadline implies that the observations are requested to be initially scheduled
during the four-month period which starts four months after that deadline. Proposals have a validity of two
four-month cycles. If a proposal has not been scheduled after this second period, it will not be considered further
unless it is resubmitted. Large proposals submitted by February 1 will be reviewed in August 2009 at the yearly
skeptical review, in addition to the regular scientific review.
A complete list of receivers available for this deadline can be seen at http://www.naic.edu/~astro/RXstatus.
Use of the Arecibo Observatory is available on an equal competitive basis to all scientists from throughout the
world to pursue research in radio astronomy, radar astronomy and atmospheric sciences. Observing time is
granted on the basis of the most promising research. Potential users of the telescope should submit a proposal
to the Observatory Director describing their desired observations and the scientific justification for these. The
procedures for submitting proposals, the mechanics of evaluation and the life-cycle of these proposals, are outlined at the website below.
Consortium members are reminded that follow-up time for objects discovered during surveys require a separate
proposal. For full details and policies regarding follow-up proposals, please refer to the website.
http://www.naic.edu/~astro/proposals.

Notes to
Observers
1. We would like to remind our readers that when you publish a paper using observations made with the Arecibo
Observatory, please provide us with a reprint of your article. Reprints should be sent to: Librarian, Arecibo Observatory, HC3 Box 53995, Arecibo, PR 00612. Or, if you do not order reprints, please send publication information to
csegarra@naic.edu.
2. Additionally, any publication that makes use of Arecibo data should include the following acknowledgement:
“The Arecibo Observatory is part of the National Astronomy and Ionosphere Center, which is operated by Cornell
University under a cooperative agreement with the National Science Foundation.”

Best wishes for a Happy New Year!

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