



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































J2-3

EVN APPROACHES TO NEXT GENERATION VLBI DATA
TRANSMISSION SYSTEMS

*S.M. Parsley, S.V. Pogrebenko
JIVE, Postbus 2, 7990 AA Dwingeloo, Netherlands.

The European VLBI Network (EVN) is a consortium of 10 radio astro-
nomical institutes. It combines radio telescopes in Europe and beyond into a
coherent instrument with the highest angular resolution possible today. The
current EVN operation uses magnetic tape to transport data from the tele-
scopes to the central data processor at JIVE, in the Netherlands.

The overall system, including the JIVE correlator, was designed to op-
erate at a data rate of 1 Gbps per station. Limitations of the tape technology
however have restricted this to 256 Mbps for regular operation and impose a
practical upper limit of 512 Mbps. Even this has been achieved only by the
use of highly customized, laboratory grade recorders. Based on recent devel-
opments of worldwide optical fiber networks and high performance hard disks
two possible options are considered to push the operational data rate of the
EVN to 1 Gbps and beyond:

1. Use of worldwide optical fiber network infrastructure for real time or
near real time operation.

2. Use of Terabyte scale hard disk arrays for traditional record transport
playback operation.

Both options have many features in common since they are based on
commodity equipment and services. Currently several pilot projects are under
consideration in the EVN in order to exploit these possibilities:

1. e-EVN pilot project aimed to connect 4 EVN station to the JIVE
correlator using pan-European optical fiber networks for 1 Gbps real time
operation.

2. Smaller scale project to connect only two stations, Westerbork and
Jodrell Bank, with limited (256 Mbps) data rate.

3. Transatlantic VLBI data transfer in cooperation with our US col-
leagues.

4. PC/disk based recording/play back units for traditional VLBI data
pipeline operation.

Within the scope of these pilot projects PC/disk units are considered to
be common elements of both applications because such platforms can allow us
to have sufficient data throughput and buffering capacity to satisfy operational
demands of both networked and transportable media approaches.
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RECENT VLBI ACTIVITIES AT CRL

T. Kondo, Y. Koyama, J. Nakajima, M. Sekido, R. Ichikawa, E.
Kawai, H. Okubo, H. Osaki, M. Kimura

Kashima Space Research Center

Communications Research Laboratory

893-1 Hirai, Kashima

Ibaraki 314-0012, JAPAN

T. Yoshino, J. Amagai, H. Kiuchi, F. Takahashi
Communications Research Laboratory

4-2-1 Nukuikita, Koganei

Tokyo 184-8795, JAPAN

Communications Research Laboratory (CRL) CRL has participated
in IVS (International VLBI Service for Geodesy and Astrometry) as
one of Technology Development Centers. We have published the CRL
TDC newsletter biannually to inform the VLBI community of our cur-
rent activities. The newsletter is also available through the homepage
(http://www.crl.go.jp/ka/radioastro/tdc/index.html). Current hot topics are
“Gigabit VLBI System”, “Internet VLBI”, and “VLBI Standard Interface”.

The developments of the gigabit VLBI system has been finished. Geode-
tic VLBI experiments have been performed using this system. Data quality
and the estimation errors comparable to the K-4 VLBI system have been at-
tained. Some survey observations of weak radio sources have been also carried
out. We have also successfully achieved real-time VLBI at data rate of 1 giga-
bit per second using this system and high-speed communications network in
collaboration with NAQJ, ISAS and Nippon Telegraph and Telephone Corp.
(NTT). The experiment was conducted on June 23, 2001, using the Kashima
34m antenna and Usuda 64m antenna.

A new real-time VLBI system using IP (Internet protocol) technology
has been developed since 1999 to reduce network-cost and to expand connec-
tion sites of network. We call this system “IP-VLBI” or “Internet VLBI”. We
have been developing the PC-base IP-VLBI system consisting of a PClI-bus
sampler board and PC software to make real-time data transmission, reception
and correlation.

We have been contributing to establish the VLBI standard interface
(VSI) with a technology coordinator of IVS. Specifications of VSI hard-
ware (VSI-H) Verl.0 was opened to public in August, 2000. It is available
through the VSI homepage (http://dopey.haystack.edu/vsi/) or Japanese VSI
homepage (http://www2.crl.go.jp/ka/radioastro/tde/ivs/vsi/). We have been
adapting VSI-H to gigabit VLBI system, S2-K4 copying system, and VSI-
based K4 data acquisition system.
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OPTICAL FIBRE LINKS IN E-MERLIN

R.E. Spencer*, B. Anderson, R. McCool
University of Manchester

Jodrell Bank Observatory

Macclesfield, Cheshire, UK

The only feasible way of achieving major increases in sensitivity for ex-
isting radio astronomy synthesis arrays is by increasing bandwidth. Receivers
are approaching their quantum limit, and in any case the atmosphere limits
their performance. Increasing the collecting area is expensive. The extremely
wide bandwidths or data rates available for optical fibre signal transmission
suggests that fibre links could be useful, and indeed their particularly low loss
of makes fibre the technology of choice.

Studies at Jodrell Bank of both analogue and digital transmission of
GHz bandwidth radio astronomy signals on optical fibres have shown that
digital data transmision gives superior performance for links exceeding a few
km in length. The proposed upgrade to MERLIN (to produce e-MERLIN)
will replace the existing narrow band (28 MHz) analogue microwave links
with optical fibres carrying digital data at 30 Gbits/sec.

The radio astronomy IF signals will consist of 2 x 1.5 GHz channels (for
2 polarisations), sampled at the Nyquist rate and 4 bit digitised. An 8-10 bit
conversion takes place before external modulation of the laser optical signal.
3 lasers will be used per telescope, each externally modulated at 10 Gbits/sec.
The optical signals will be multiplexed onto a single fibre (using wavelength
division multiplexing). The total length of fibre in the array will exceed 400
km, with the longest link being over 100 km. Erbium doped fibre amplifiers
will be required to give adequate signal to noise and low error rates. The full
system and design goals will be described in the paper.

In addition the fibre link may be required for cohering local oscillator
signals, our development work in this area and estimated phase stability per-
formance will also be discussed.
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THE FUTURE OF VLBI DATA TRANSMISSION AT THE
NRAO

R.C. Walker
National Radio Astronomy Observatory
Socorro, NM 87801, USA

The National Radio Astronomy Observatory (NRAQ) operates the Very
Long Baseline Array (VLBA), which is a full time VLBI instrument that in-
cludes 10 antennas and a 20 station correlator. It also operates the Green Bank
Telescope (GBT) and Very Large Array (VLA), both of which participate in
VLBI. Among these various instruments, the NRAO has approximately 50
VLBI record or playback units. The current systems are expensive to operate
and are old technology that will not be maintainable much longer. They also
limit the bandwidth, and hence the sensitivity of VLBI observations. For these
reasons, the NRAO is considering alternatives for future VLBI data transmis-
sion systems. In the near term, this is likely to be a new recording system
such as the Mark V being developed at Haystack Observatory. But real-time
data transmission over fiber optics would have great operational advantages
and is being explored.

In the longer term, the future data transmission system at NRAO will
be influenced by the possibility of integrating the VLBA with the Expanded
VLA (EVLA). That upgrade is designed to expand the capabilities of the VLA
by a factor of 10 in many dimensions. Two major components of the project
are a new correlator and approximately 8 new antennas. The correlator, which
is being contributed by Canada, is capable of processing VLBI data. The new
antennas, referred to as the New Mexico Array (NMA), extend the resolution
of the VLA by a factor of 10 and fill the gap in UV spacing between the VLA
and the VLBA. An integrated VLA/NMA/VLBA would cover all baselines
from 25 m to 8600 km, allowing the choice of resolution to be based entirely
on the scientific needs of a project. The NMA will have the same 16 GHz
bandwidth capability as the rest of the EVLA, requiring a data transmission
system with a capacity of 96 or 128 Gbps, depending on the number of bits
per sample. Full integration of the VLBA and EVLA would require similar
connections to the VLBA antennas, although some lesser bandwidth options
would also be interesting. The details of how such connections will be made to
the NMA, let alone the VLBA, are yet to be determined. Any feedback, espe-
cially from the communications industry, on how to obtain such bandwidths
in an affordable manner would be appreciated.
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SPACE VLBI WITH VSOP

P.G. Edwards*
ISAS, Sagamihara, Kanagawa, Japan

Very Long Baseline Interferometry (VLBI) is a powerful technique for
high angular resolution radio imaging. The feasibility of improving resolution
by having a radio-telescope in orbit — ‘space VLBI’ — was demonstrated in
the 1980s, paving the way for the development of the HALCA satellite by
Japan’s Institute of Space and Astronautical Science (ISAS). The satellite is
the orbital element of the VLBI Space Observatory Programme (VSOP), a
large international collaboration of space agencies and ground observatories
which have combined resources to create the first dedicated space VLBI mis-
sion.

HALCA was launched from the Kagoshima Space Center in February
1997. HALCA'’s elliptical orbit has a period of 6.3 hours, with a perigee height
above the Earth’s surface of 560 km, and an apogee height of 21,400 km, thus
enabling imaging VLBI observations on baselines over three times longer than
those achievable on Earth. HALCA is supported by a network of five dedicated
tracking stations, in Japan, Australia, Europe and the USA. The tracking
station being used transmits a 15.3 GHz reference tone to the satellite, and
HALCA transmits the science data in real-time at a rate of 128 mega-bits per
second to the tracking station at 14.2 GHz.

Radio telescopes from the Very Long Baseline Array, the European VLBI
Network, the Asia-Pacific Telescope, and other unaffiliated telescopes are com-
bined to form ground arrays for VSOP observations, depending on the source
position and the requirements of the observation. Scientific observations are
carried out in the 1.6 GHz and 5.0 GHz observing bands. To the end of August,
2001, over 650 VSOP observations had been made: 73% for projects selected
by international peer-review from proposals submitted by the astronomical
community, and 22% for a mission-led, systematic survey of active galactic
nuclei, with the remainder being for engineering purposes.

Among the key science results from the mission to date have been bright-
ness temperature distributions for active galactic nuclei well in excess of the
nominal inverse Compton limit, magnetic field orientations revealed by dual
polarization studies, the ability to make high resolution detections of absorp-
tion features at low frequencies, the surprisingly low interstellar scattering
inferred from VSOP observations of a galactic OH maser, high linear resolu-
tion studies of the nearby galaxy M87, and a considerably improved means
of studying the spectral index distributions of sources. In this presentation,
the HALCA satellite and VSOP mission will be described, results from VSOP
observations presented, and plans for the future briefly outlined.
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VLBI OBSERVATIONS OF LINE AND CONTINUUM AB-
SORPTION

Peck, A. B.*

Harvard CfA & MPIfR, Bonn
60 Garden St., MS 78
Cambridge, MA 02138, USA

One of the most important problems in the study of active galactic nuclei
is understanding the detailed geometry, physics, and evolution of the central
engines and their environments. The leading models describing the central
few parsecs of these sources involve an accretion disk and circumnuclear torus
of gas and dust around a central black hole. The orientation of this structure
relative to our vantage point determines whether or not the central engine
is obscured. Much of the circumnuclear torus is thought be comprised of
neutral atomic gas, and the fraction of ionized gas is expected to be around
10%. This means that such a structure should be detectable by imaging HI
absorption with very high angular resolution toward bright inner radio jets
and also using multi-frequency observations which allow us to image free-free
absorption toward the central engine.

The milliarcsecond scale angular resolution, fine spectral resolution and
high sensitivity of the current VLBI networks make these techniques ideal for
searching for circumnuclear tori in a variety of radio sources, ranging in size
and radio power from Seyferts to the very young Compact Symmetric Objects,
to older, larger Fanaroff-Riley type 2 galaxies.

I present a summary of some of the recent evidence for circumnuclear
tori in galaxies which exhibit radio axes close to the plane of the sky, resulting
in a segment of a disk or torus crossing our line of sight to the core and inner
radio jets. Understanding the distribution and kinematics of the gas detected
toward the central parsecs of these sources provides an important test of the
torus model and of unified schemes for active galactic nuclei.
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AN OCTAVE HIGHER: VLBI POLARIMETRY AT 86 GHZ

Attridge, J.M., MIT Haystack Observatory, Westford, MA

VLBI revolutionized radio astronomy by uncovering previously con-
cealed features in a variety of radio sources. For example, early theoretical
models describing the structure and evolution of jets from the cores of AGNs
were transformed by VLBI as evidence mounted for jet asymmetries, beaming,
superluminal motion, and bulk relativistic motion. VLBI polarization (VLBP)
observations add another critical observable by providing information about
the structure and evolution of the magnetic fields in synchrotron and masing
sources. Magnetized plasma between observer and source alters the polar-
ized emission, and therefore VLBP also affords a means to study the physical
conditions of the media in or around radio sources.

Linear polarization in continuum sources is diminished due to cancella-
tion within tangled magnetic fields and the effects of Faraday rotation. VLBP
observations at 86 GHz, possible with the CMVA and now the VLBA, should
be less affected by Faraday rotation and opacity, for these effects are reduced
at high frequencies. In addition, 86 GHz VLBP probes structures with higher
angular resolution than previously attainable.

The challenges of 86 GHz VLBI are numerous. Coherence times at
86 GHz are only ~ 10 seconds, limiting solution intervals in many tasks, yet
86 GHz data are lower in SNR than 43 GHz data. Wind loading significantly
affects the pointing accuracy of many 86 GHz antennas. Some 86 GHz dishes
are equipped with non-standard feed systems that compound the difficulties
associated with standard polarization calibration approaches.

Typically, strong AGNs are used for polarization calibration of both
other AGNs and masers. Currently, there is no known calibrator by which to
register absolute electric vector position angles (EVPAs) at 86 GHz. Linear
polarization in masers around AGB stars can approach 100% in some isolated
features, and is often aligned tangentially to the maser ring (e.g. A.J. Kemball
& P. J. Diamond, ApJL, 481, L111-L114). It is possible that polarized masers
may provide EVPA calibration for 86 GHz, either alone or in combination
with observations of AGNs.

Observations of 3C 273 and 3C 279 taken in April 2000 with the CMVA
have resulted in the first reported VLBP images at 86 GHz (J. M. Attridge,
ApJL, 553, L31-L34, 2001). The images reveal the EVPAs of 3C 273 and
3C 279 to be orthogonal to each other. The cores of both 3C273 and 3C279
continue to display low levels of fractional polarization at 86 GHz, challenging
the expectation that Faraday depolarization decreases at high frequencies. In
fact, the core of 3C 273 is unpolarized to a limit of 1%; if this is attributed to
Faraday depolarization alone, the dispersion of rotation measure in the core
of 3C 273 is >90000 rad m~2.
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CIRCULAR POLARIZATION OF SAGITTARIUS A* AND
OTHER ACTIVE GALACTIC NUCLEI

G.C. Bower
Radio Astronomy Laboratory
UC Berkeley

In the last few years there has been renewed interest in the circular
polarization {CP) at radio wavelengths of active galactic nuclei (AGN), rang-
ing from extremely low luminosity AGN, such as Sagittarius A* (Sgr A*),
to extremely powerful AGN at cosmological distances, such as 3C 279. New
observations of CP variability and spectra have been used to infer the pres-
ence of electron-positron jets, low energy electrons, stable magnetic fields, and
extremely compact regions. In a handful of sources, CP dominates linear po-
larization (LP). The similarities and differences between the CP properties of
AGN classes may provide important clues to the nature of jets.

The discovery of CP in Sgr A* has added a significant new constraint
for theory. The CP is apparently composed of a high and low frequency
components. The low frequency component is only mildly variable with a
fixed mean of -0.3% over the past 20 years. The high frequency component,
observed from 8.4 to 43 GHz, is strongly variable on timescales of days, going
from < 0.1% to ~ —1%. Similar CP properties have also been observed in
the low luminosity AGN, M81. Both M81 and Sgr A* exhibit no LP over the
observed ranges.

Three new surveys for AGN have been performed recently: two of high
luminosity AGN and one of low luminosity AGN. These are the first of their
kind in nearly two decades. Detection rates for high and low luminosity
AGN are ~ 50% and ~ 10%, respectively, suggesting that different emission
and/or wave propagation physics is at work. Very long baseline interferometric
(VLBI) imaging of the high luminosity AGN finds nearly all of the CP to be
located in the core. There is no correlation between LP and CP among high
luminosity AGN. A particularly interesting source among the high luminosity
AGN is PKS 1519-273, which shows strongly variable CP at levels as high as
~ —4%.

These discoveries have been the result of the application of careful obser-
vational technique in connected element interferometry and VLBI. For inter-
ferometers with circularly polarized feeds, CP is the small difference between
the parallel hand intensities. It is very sensitive to calibration uncertainties.
We describe observing techniques and a model for VLA measurements of CP
that includes the effects of beam squint, gain errors, polarization leakage and
receiver nonlinearities. It fits remarkably well with observed errors.
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VLBI OBSERVATIONS OF THE POLARIZATION OF H20
MASERS

T. H. Troland

Department of Physics and Astronomy
University of Kentucky

Lexington, KY 40506 USA

A. P. Sarma

Department of Astronomy

University of Illinois

Urbana, IL 61801 USA

It has long been recognized that magnetic fields are likely to play a
key role in the dynamics of star formation. However, measurements of field
strengths in star-forming regions, via the radio-frequency Zeeman effect, are
difficult. Most existing measurements suffer from two important limitations.
They sample relatively low density gas (less than 10% em™3), and they suffer
from poor spatial resolution. Therefore, they do not reveal magnetic field
strengths in the densest regions and on the smallest scales that are most
intimately associated with the star-formation process.

The 22 GHz HyO maser transitions, originating from star-forming re-
gions, offer an opportunity to study magnetic fields at high density and on
small spatial scales. Circular polarization in the maser radiation can be re-
lated to line-of-sight field strengths via the Zeeman effect. The masers are
believed to operate at high density (10° cm™3). The individual maser spots
are small (of order 1 au or 10'%cm), and they occur in groups. Therefore,
very high spatial resolution observations with the Very Long Baseline Array
(VLBA) can reveal field strengths in multiple maser spots, effectively mapping
out the magnetic field over regions of a few 10’s of au.

We present results for an initial set of VLBA observations of HoO maser
spots in the massive star-forming region W3 IRS5. We observed circular po-
larization from four maser spots in a 100 by 100 mas (230 by 230 au) field.
We estimate line-of sight field strengths for these spots in the range -14 to -42
mG. The relative coherence of the field over this size scale is expected if the
masers arise in an outflow region where the field is entrained in moving gas.
Moreover, field strengths of this order are expected if the field-strength-gas
density scaling relationship, found at lower densities, is applied to the locales
of the HyO masers.
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FULL-POLARIZATION VLBI OBSERVATIONS OF
HYDROXYL MASERS

V.L. Fish, M.J. Reid, A.L. Argon
Harvard-Smithsonian Center for Astrophysics
60 Garden St.

Cambridge, MA 02138, USA

Hydroxyl masers are useful tracers of conditions surrounding the ultra-
compact HII (UCHII) regions associated with high-mass stars in their infancy.
Their high brightness allow them to be seen at the high resolution offered by
VLBI techniques. Since maser spots typically move at a projected rate of a
few milliarcseconds per year, multiepoch proper motion studies can be com-
pleted in a few years. E. E. Bloemhof, M. J. Reid, and J. M. Moran (ApJ,
397, 500-519, 1992) showed that OH masers are seen in expansion from the
UCHIL.

Hydroxyl masers often exist in right- and left-circular polarized pairs at
offset velocities, suggesting Zeeman splitting. Since the splitting coefficients
are large in the ground-state 2113 /2, = % transitions, local magnetic fields as
weak as a few x100uG can be identified. Additionally, the sense of the velocity
splitting between Zeeman components gives the line-of-sight direction of the
local magnetic field. This gives constraints on the magnetic field morphology
surrounding the UCHII. While the exact role that magnetic fields play in
high-mass star formation is unknown, it is clear that they are important. The
magnetic pressure inferred from OH Zeeman measurements is comparable to
the gravitational pressure (and much larger than the thermal pressure in the
region).

The full, three-dimensional orientation of the magnetic field could in
principle be determined if the 7 components were detected as well. Unlike the
abundant circularly-polarized ¢ components, a © component would be highly
linearly polarized with almost no circular polarization. However, no such
component has been observed. If Faraday rotation is responsible for destroying
coherent amplification of # components, this may provide a constraint on the
local electron density.

We are in the process of observing about 20 UCHIIs with VLBI in order
to map the magnetic field structure around them and to search for n compo-
nents. Preliminary results from this survey will be presented.
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VLBI OBSERVATIONS OF OH (1720 MHZ) MASERS

Brogan, C.L.*, Claussen, M., Goss, W.M.
National Radio Astronomy Observatory
Socorro

Supernovae have a profound effect on the morphology, kinematics, and
metallicity of galaxies. The impact of supernova shocks on surrounding molec-
ular clouds is also thought to trigger new generations of star formation. A
critical ingredient in such interactions and, indeed, all aspects of supernova
remnant (SNR) evolution are magnetic fields. OH (1720 MHz) masers have
been found in ~ 20 SNRs, or 10% of the known SNRs in our Galaxy. In recent
years, these masers have been recognized as signposts for the interaction of
SNRs with molecular gas. In addition to tracing SNR/molecular cloud inter-
actions, the OH (1720 MHz) maser line also provides a unique opportunity
to measure the strength of the post-shock magnetic field via Zeeman split-
ting. Indeed, the Zeeman effect in these masers provide the only currently
known means to directly measure the magnetic field strengths in SNRs. A
limited number of previous high resolution observations have indicated that
these masers are unusually large compared to HII region masers, with sizes
ranging from 50 to 180 mas. It is currently unclear whether the large sizes
observed previously are intrinsic to SNR—OH masers or if interstellar scatter-
ing is responsible. In addition, there are some indications that the observed
magnetic field values vary with resolution. Recent results from efforts to both
detect the magnetic fields over many spatial scales and resolve the maser spot
sizes of OH (1720 MHz) masers toward several SNRs using the VLBA and
MERLIN will be presented. These observations have yielded magnetic field
detections between 0.5 and 2.5 mG and large maser spot sizes of about 10'°
cm. Some of the implications from these data including the resulting magnetic
pressures, and brightness temperatures will also be discussed.
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HIGH PRECISION PULSAR ASTROMETRY WITH THE
NRAO VLBA

W. F. Brisken

NRAO

PO Box O

Socorrom NM 87801, USA

The NRAO Very Long Baseline Array was used to measure the proper
motions and parallaxes of eight nearby pulsars to sub-milliarcsecond accuracy.
Different gradients in the ionosphere strength above each station that change
on timescales of about one minute required the development and use of a new
technique to measure the ionospheric electron content and remove its effects
from the interferometer data.

Dual frequency astrometry has been common practice to geodecists for
quite some time, mainly using receivers at about 2.5 and 8 GHz. Delay mea-
surements made at the two frequencies could be used to measure the excess
delay caused by the ionosphere. This technique has been used primarily for
geodesy {determining VLBI station positions and monitoring the tectonic mo-
tions of the earth) and for establishing the international celestial reference
frame. Most of the sources used in such observations are bright quasars.

This dual frequency approach will not work for pulsars because of their
very low brightness at 8 GHz. The 1.5 GHz band is usually chosen for pulsar
astrometry since it is usually a good compromise between the falling flux
density and increasing resolution with increased frequency. The VLBA allows
observations in the 1.4 to 1.7 GHz range with 8 independently tunable 16 MHz
bands. Phase measurements made at each of the bands allow the measurement
of the ionosphere strength. This method is restricted to pulsars that are bright
enough for an ionosphere solution to be obtained within about 30 seconds. The
signal-to-noise of these measurements was increased by utilizing pulsar gating.
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PROPER MOTIONS IN THE LOCAL GROUP

Brunthaler, A., Falcke, H. Henkel, C
Max-Planck-Institut fuer Radioastronomie

Auf dem Huegel 69

53121 Bonn

Germany

Reid, M., Greenhill, L.

Harvard Smithsonian Center for Astrophysics, MS42
60, Garden Street

Cambridge, MA 02138

Key and still largely missing parameters for measuring the mass con-
tent and distribution of the Local Group are the proper motion vectors of its
member galaxies. The problem when trying to derive the gravitational poten-
tial of the Local Group is that usually only radial velocities are known, and
hence statistical approaches have to be used. The expected proper motions
for galaxies within the Local Group, ranging from 20 to 100 pas/yr, are de-
tectable with VLBI using the phase-referencing technique. We present first
epoch phase-referencing observations of bright masers in IC10 and M33 with
respect to background quasars.

In our first group of observations, we observed the H20 masers in IC10
three times over a period of two month to check the accuracy of the relative
positions. The relative positions were obtained by modeling the interferometer
phase data for the maser sources referenced to the background quasars. The
two quasars are separated by 1 and 0.25 degrees on the sky from the IC10
masers. The model allowed for a relative position shift for each source and a
single vertical atmospheric delay error in the correlator model for each antenna.
The rms of the relative positions for the three observations is only 0.01 mas
which is approximately the expected position error due to thermal noise.

Further observations will allow us to detect extragalactic proper motions
out to a distance of 800 kpc within ~ 1 year. These observations will constrain
dynamical models for the Local Group and the mass and dark matter halo of
Andromeda and the Milky Way.

Also, we present a method to measure the distance to M33, ultimately
to better than about 5% accuracy. This will allow re-calibration of the extra-
galactic distance scale based on Cepheids. The method is to measure the
relative proper motions of two HyO maser sources on opposite sides of M33.
The measured angular rotation rate, coupled with other measurements of the
inclination and rotation speed of the galaxy, yields a direct distance measure-
ment.
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OPTIMIZATION OF AN ARRAY CONFIGURATION WITH
LARGE NUMBER OF ANTENNAS MINIMIZING SIDE
LOBES.

L.R. Kogan
National Radio Astronomy Observatory
Socorro, NM 87801, USA

The result of optimization of the array configuration for the number of

antennas 200, 500 has been given. Different metrics of the of the configuration
quality are compared. The arguments in favor of the minimum side lobe met-
ric are provided. The minimization of the worst side lobe at the given circle at
the sky is chosen as a criterion of the optimization. The optimization is based
on the algorithm published by L.Kogan at IEEE Transaction on AP 48, No
7, 1075-1078, 2000. The algorithm is coded at AIPS as task CONFI. The task
CONFT as well as the simulation task UVCON have been modified increasing
the number of antennas up to 1000.
The less area of optimization the deeper can side lobes be suppressed. By the
nature the side lobes can be separated at the two classes: near side lobes and
grating side lobes. Grating side lobes can be very large reaching at the extreme
case of even UV distribution 100%. The near side lobes spread from the main
synthesize lobe to ~ v/N of %, where N is number of antennas at the array;
D is its size. The two sets of configurations for the number of antennas 200
and 500 have been designed optimizing the near and grating side lobes. The
found configurations give the worst near side lobes ~ 0.0008, and ~ 0.0003 for
the number of antennas 200 and 500 at the diameter of the circle at the sky
equaled 20 synthesized beam. The relevant side lobes at the diameter of the
circle at the sky equaled 100 synthesized beam (including grating side lobes)
are 0.014 and 0.010 for the number of antennas 200 and 500. An example of
simulation is given using M51 as a model at A = 2lcm and size of the array
400km with 200 antennas at the array. The dynamic range ~ 10* has been
achieved.
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ON USING ADAPTIVE ESTIMATION TO MINIMIZE THE
NUMBER OF SAMPLES NEEDED TODEVELOP A PATTERN
TO A SPECIFIED UNCERTAINTY

E.K. Miller
3225 Calle Celestial
Santa Fe, NM 87506-1213

Computing far-field patterns in electromagnetics, although generally not
as computationally expensive as solving for the current induced on an object,
can none-the-less at times dominate the overall computer time associated with
some problems and models. This can especially be the case in determining the
monostatic radar cross section of large objects, since the current distribution
must be obtained for each incidence angle. Similarly, when using physical
optics to determine the radaition pattern of a large reflector antenna, the
computer time is dominated by evaluation of the far field. In addition, when
employing the point sampling and linear interpolation of the far field that is
most often used to develop the pattern, it can be necessary to sample very
finely in angle to avoid missing fine, but important, details in the pattern such
as nulls, increasing the computer cost proportionately.

A procedure based on model-based parameter estimation is described
that greatly reduces the number of samples that are needed while developing
an easily computed, continuous representation of the pattern. It employs win-
dowed, overlapping fitting models whose parameters are adaptively estimated
from sparsely sampled far-field values, the sampled angles being successively
selected where the maximum difference occurs in the overlapping models. The
fitting models themselves employ either discrete-source approximations to the
radiating currents or Fourier models of the far field. The model-based pro-
cedure permits the maximum acceptable uncertainty in the estimate of the
pattern to be specified, which furthermore can be adjusted, if desired, to ac-
commodate changing levels in the pattern. For the cases investigated, as few
as 1.5 to 2 samples per far-field lobe are found to be sufficient to develop an
estimate for a radiation pattern that is accurate to 0.1 dB, and 2.5 samples per
lobe for a simple scatterer. In general, however, it appears that the required
sampling density is determined by the rank of the field over the observation
window, which in turn is a function of both the aperture size and the spatial
behavior of the source distribution within that aperture.
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THE ANTENNA CONFIGURATION OF THE ALLEN TELE-
SCOPE ARRAY

D.C.-J. Bock

Radio Astronomy Laboratory
University of California at Berkeley
Berkeley, CA 94720, USA

The Allen Telescope Array (ATA) is a next-generation large-N telescope
which will capitalize on the relative decrease of electronics in the cost of new
instruments. It will maximize collecting area within the available budget by
using many small antennas instead of fewer larger ones. The cost optimization
has led to a choice of 350 6.1-m offset Gregorian antennas.

The ATA will have several characteristics unique to interferometers of
comparable collecting area, including a wide field of view, broad instanta-
neous frequency coverage, and a multi-beaming capability which will enable
the instrument to be used for several simultaneous programs. The ATA con-
figuration design needs to keep antenna shadowing and connectivity costs to
a reasonable level. The wide variety of geological conditions and foundation
costs must be considered in the optimization. Within these constraints, imag-
ing performance drives the configuration design. The basic capabilities of the
ATA will make it a premier instrument for large area surveys and imaging
extended structure, so the configuration has been optimized to provide ex-
cellent imaging fidelity. The synthesized beam has sidelobes which are below
1% within the antenna primary beam. The antennas baselines will be in the
range 11 to 700 m, for a high spatial dynamic range and a naturally-weighted
synthesized beam of 78" (/1.4 GHz) . The irregular nature of the final con-
figuration ensures low far sidelobes (0.3% rms), desirable for RFI rejection.
Although more compact designs (comparable to the proposed VLA E-array)
would enhance sensitivity at the shortest spacings, mosaicing with the ATA’s
wide field of view will make imaging very extended structure efficient, even
while preserving reasonable angular resolution.

In this paper I will present the ATA configuration, describing the site
characterization and configuration design process.
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THE ATA ELEMENT

D.R. DeBoer*, J.W. Dreher
SETT Institute

2035 Landings Drive
Mountain View, CA 94043
G. Engargiola, M.C. Fleming, J.B. Lugten, W.J. Welch
Radio Astronomy Laboratory
University of California
Berkeley, CA 94720

S. Weinreb

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, California 91109

As one of the primary components that gets multiplied by N, design of
the individual array element is a key factor in any array design. For a pre-
determined net collecting area, in fact, the collection area of a single element
determines the value of N and hence the scale of all subsequent components.
The Allen Telescope Array (ATA) element will consist of a small parabolic
antenna equipped with a single wide-band feed, cryogenic low-noise amplifiers
(LNA), fiber-optic RF links, and commodity electronics. The initial desired
net geometric collection area will be one hectare (10* m?), so N =~ 1.3x10%/D?,
where D is the projected diameter of the parabola.

The antenna is an offset Gregorian with a projected diameter of 6.10
m and a 2.4 m subreflector arranged to satisfy the on-axis cross-polarization
nulling constraint. This antenna size dictates using about 350 antennas to yield
the desired net area. A dual polarization, log-periodic feed with a bandwidth
of about 0.5 7 11.5 GHz will be used in conjunction with two wide-band,
cryogenic LNA7?s of the same bandwidth. This entire bandwidth will then be
transmitted back to the central lab for further processing via two RF fiber-
optic links (one per polarization). The cryogenics will consist of a small dewar
that actually fits up inside the feed, as will the pulse-tube refrigerator (PTR)
and compressor.

The element controller will be an internet-ready microprocessor and
communications will be via TCP/IP. Likely this processor will be a native
Java. Virtual Machine with sufficient processing capability to handle all point-
ing and house-keeping tasks. It will communicate via a standard protocol to
a daughter board with sufficient I/O to monitor the state of the element.
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SIGNAL PROCESSING FOR THE
ALLEN TELESCOPE ARRAY

L. R. D’Addario, SETI Institute, Mountain View, CA

The Allen Telescope Array (ATA) will include 350 antennas of 6.1 m
diameter and have continuous frequency coverage from 0.5 to 11.2 GHz. This
makes it the largest-N radio telescope so far. The need for low-cost processing
of its many wide band signals has produced significant technical challenges.

The ATA is a privately-funded project of the SETI Institute in collabo-
ration with the Radio Astronomy Laboratory of UC Berkeley. It will be the
first instrument available full time for SETI searches, and it will simultane-
ously be used for a wide variety of astronomical research. This is possible
through the use of multiple independently-tuned signal channels and multi-
ple back-end detectors, along with the fact that the single-dish beam includes
several SETI target stars for nearly any direction in the sky.

This paper describes the details of the signal processing required be-
tween the antennas and the detectors. For SETI and for some point-source
astronomy (e.g., pulsars), the antennas are configured as a phased array, gen-
erating up to 16 simultaneous electronically-steered beams within the primary
beam. For astronomical imaging, the antennas are configured as a Fourier syn-
thesis array, where a correlator computes the cross-power spectrum for each
pair (61,425 baselines). In all cases, common equipment performs the neces-
sary delay and phase tracking and amplitude scaling; this is done in specialized
digital hardware. Up to four dual-polarization channels can be processed, each
tunable to a different frequency within the RF range, and each having about
100 MHz bandwidth. For each such channel, up to four separate “beams”
can be formed, each tracking a different sky position, and each connected to a
separate back end. Because of the large number of antennas, it is possible to
create beams with nulls in the directions of several interfering sources while
maintaining high SNR in the direction of the desired source.

The major design challenges included (a) cost, since the goal is to achieve
a construction cost of less than 25 M$US for the entire array (including an-
tennas, monitor/control, and all common electronics, but not including back
ends); (b) signal interconnections, since aggregate data rates of up to 7 Th/s
are needed between subsystems; and (c) flexibility, to support a wide range of
scientific uses and various interference mitigation methods.

The ATA project is now in its detailed design phase. Prototypes of the
antennas and electronics are due to be completed late in 2002, at which time
a subset of the array with the first few antennas will be in operation. The full
array is currently scheduled to be completed in 2005.
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THE ATA IMAGER

W.L. Urry

University of California - Berkeley
Radio Astronomy Dept.

601 Campbell Hall

Berkeley CA 94720-3411

The Allen Telescope Array of 350 6-meter antennas will provide four
independently tuned groups of four output ports from each antenna for a
total of 16 signal ports. Each output port will have 8-bit quantization and
independent tracking of delay and phase. Emerging from each output port
will be two polarizations of 100 MHz bandwidth extracted from the .5 - 11.2
GHz RF band of the telescope front end. Four independently tuned groups of
three ports will be dedicated to beam forming for a total of 12 beams that can
be independently targeted. Each beam may support a different “back-end”
so that a SETI search or a pulsar experiment may take place simultaneously.
The remaining four independently tuned 100 MHz ports will be dedicated to
an imaging “back-end.” An imaging “back-end” is described.

The imager will rely on an FX correlator architecture. The dual polariza-
tion signal from each antenna will be separated into 1024 frequency channels.
All correlations for each channel will be measured. The classic approach of
using a fast Fourier transform as a filterbank has always led to severe sidelobe
levels or channel overlap depending upon the windowing used at the input to
the FFT. A polyphase technique enables the input window to the FFT to be
extended well beyond the length of the transform resulting in a filterbank with
excellent channel separation and sidelobe characteristics. From the polyphase
filterbanks, the signals will proceed to a bank of correlators. Each correlator
computes all 61425 baselines for each of the frequency channels. A serious
problem exists in getting the signals from the polyphase filterbanks to the
correlators. Each channel of the 350 antennas must be multiplied with the
corresponding channel in all of the 349 other antennas. Only half of these
multiplications are redundant. The innovation of a memoryless corner turner
solves this signal distribution problem. The corner turner converts the 350
streams of 1024 frequency channels into 350 streams of antennas of 3 fre-
quency channels each. Each correlator sees a sequential stream of all of the
antennas and a simple architecture is described that can easily compute all of
the baselines as the data enters one antenna at a time.
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HIGH DYNAMIC RANGE RADIO SYNTHESIS IMAGING
WITH TIME VARIABLE PRIMARY BEAMS

T.J. Cornwell

NRAO

PO Box 0

Socorro, NM 87801, USA

High dynamic range imaging with radio synthesis arrays is possible using
self-calibration algorithms in which the calibration of the array is determined
from the observation of the source, rather than from observations of an exter-
nal calibration source. For the very highest dynamic range, the array setup
(bandpasses, nominal pointing, etc) is determined as well as possible, and kept
as stable as possible. In such cases, the effect of time variations in the setup
are second order rather than first order. However, if the setup is allowed to
vary, the variations can have a first order effect, with disastrous consequences
for the dynamic range. This is well known for millimeter synthesis arrays, and
has led to very precise antenna pointing and surface requirements for the Al-
tacama Large Millimeter Array. It also holds for other radio synthesis arrays,
such as the Square Kilometer Array. For SKA, the primary beam is envisaged
as being time-variable for two reasons: to allow nulling of bright sources, and
by virtue of the use of banks of small elements synthesized into large equiv-
alent antennas. A time variable primary beam due to either of these causes
will hinder the acheivement of the very high dynamic range imaging expected
of the SKA. The extension of self-calibration to allow determination of the
time-variable primary beam is theoretically possible and has been advocated
as a solution for this problem. However, as yet, no image-plane self-calibration
algorithm has been demonstrated. To settle this point, simulations of such ef-
fects are necessary, together with the development of algorithms aimed at such
an extended self-calibration.
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LARGE-N POSSIBILITIES WITH THE EVLA CORRELATOR

B.R. Carlson*

Dominion Radio Astrophysical Observatory
Herzberg Institute of Astrophysics
National Research Council of Canada
Penticton, B.C., Canada

P.E. Dewdney

Dominion Radio Astrophysical Observatory
Herzberg Institute of Astrophysics
National Research Council of Canada
Penticton, B.C., Canada

A new correlator is being developed for the Expanded Very Large Ar-
ray (EVLA). This correlator will offer wide bandwidths, flexible digital sub-
banding, and thousands of spectral channels per baseline. Additionally, the
correlator design allows dynamic tradeoffs between bandwidth, number of an-
tennas, and number of beams on the sky that may be attractive for a 1st
generation SKA correlator, particularly if the EVLA is used as a test-bed for
SKA technologies and if the EVLA evolves into the SKA. For the EVLA,
the correlator offers 16 GHz of bandwidth per antenna with 16384 spectral
channels per baseline in wide-band modes and up to 256k spectral channels
per cross-product at narrower bandwidths. The design allows up to 8, 2 GHz
wide-band beams to be placed anywhere on the sky, and within each of those
beams, up to 16 sub-band beams within 0.5 deg of the wide-band delay center
(depending on basline). Thus, up to 128 beams at 128 MHz bandwidth each
can be deployed. If the station bandwidth and maximum number of beams
is reduced, then more stations—up to a factor of 4-can be processed without
changing the correlator’s internal configuration. Using current technology,
a factor of 4 increase in the number of stations reduces the bandwidth per
station to 1 GHz and the number of spectral channels per baseline to 1024,
However, Moore’s law improvements can be effectively employed to increase
the bandwidth to 4 GHz per station with as many spectral channels per base-
line as technology permits with only a "re-spin” of the correlator board. This
is an attractive upgrade path that retains the bulk of the hardware and soft-
ware infrastructure, significantly reducing the cost and development time of
an upgrade.
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A SIX BILLION CHANNEL MULTIBEAM SPECTROMETER
FOR SETI

D. Werthimer*, P. Demorest, J. Cobb, E. Korpela, M. Lebofsky
Space Sciences Laboratory
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Berkeley, CA 94720-7450

M. Davis

Seti Institute
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Mountain View, CA 94043-0818
C. Dick

Xilinx Inc.

2100 Logic Dr.

San Jose, CA 95154

T. Dillon

Dillon Engineering

9825 West 50th St. Suite 202
Edina, MN 55424

We describe our design for a six billion channel multi-beam spectrometer,
SERENDIP V. The instrument will be used to conduct a piggyback SETI sky
survey in conjunction with the upcoming seven beam receiver at Arecibo.

The system analyzes fourteen 300 MHz bandwidth signals from seven
beams and two polarizations simultaneously. Each channel is 0.74 Hz wide,
yielding a total instantaneous bandwidth coverage of 4.2 GHz in a 1.5 second
integration time. The instrument is modular and can be easily re-configured
for different receivers and telescopes. For example, the system can be config-
ured to process a pair of 2.1 GHz bandwidth signals, or it can be configured to
process fourteen 300 MHz bandwidth signals (7 beams with two polarizations
or 14 beams with one polarization).

The instrument uses a polyphase filter bank to sub-divide each of the
300 MHz bands into 1.56 MHz sub-bands. The polyphase filter bank pro-
vides > 80 dB out of band rejection, keeping strong RFI from contaminating
adjacent sub-bands. FFT boards further divide the sub-bands into 0.67 Hz
channels. Each FFT board computes a 222 point FFT on 64 sub-bands. A
bank of post processors calculate power spectra at octave spaced resolutions,
combine polarizations, smooth the baseline, and search for signals above the
threshold. All signal processing is implemented in Xilinx field programmable
gate arrays.

Portions of this design will be directly applicable to the development
of technologies and instrumentation required for observatories that are in the
planning or development stages such as the Allen Telescope Array and the
Square Kilometer Array.
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STATUS AND PERFORMANCE OF THE GREEN BANK
TELESCOPE

Minter, A.H., Maddalena, R.J., Balser, D.S., Ghigo, F.D,
Langston, G.I.

NRAO

PO Box 2

Green Bank, WV 24944 USA

The Robert C. Byrd Green Bank Telescope (GBT) has unique capa-
bilities including an unprecedented design and start-of-the art receivers and
backends. The most distinguishing features include an offset geometry which
provides a 100-m projected clear aperture, an active surface, a closed-loop
metrology system for maintaining surface accuracy and pointing, receivers that
will cover 100 MHz to 115 GHz, and a new 256k-channel, 800 MHz bandwidth
spectrometer. First light was achieved on August 22 2000 with observations
at a frequency of 403 MHz of the extragalactic radio source 11404223 and the
pulsar PSR B1133+16 and commissioning started in February 2001. We have
essentially completed the first phase of commissioning, delivering a telescope
capable of observations up to 15 GHz. Telescope efficiencies, pointing, focus
tracking, spillover, and beam shapes are all close to or match what was ex-
pected a priori. For example, measurements at 2 GHz indicate the telescope
has a pointing rms of well under 8”, the expected aperture efficiency of 70first
side lobe level of -30 dB, essentially no detectable spillover, and a system tem-
perature at zenith of 18 K. In an early call for shared-risk observations, 80
observing proposals were submitted and 24 were accepted. Four experiments
have been run at the time this abstract was submitted with the majority of
the remaining observations scheduled to be completed by the end of 2001. We
have had successful bi-static radar observations with Arecibo, fringes from test
VLBI experiments, and pulsar searches. In this talk we will give the current
status of commissioning, summarize the GBT’s performance, and review some
of the results from early science.
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