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We revisit the'Cluster-Cluster” or multi-view VLBI technique from the perspective of its gyn

gy with the multi-beam features inherent in the Australimju&e Kilometer Array Pathfinder
(ASKAP) and its potential to improve the outcomes of VLBI ebstions with ASKAP. We
include a list of candidate VLBI sites that already supportan be upgraded to support multi-
view VLBI located in Australia and overseas, and which hamon visibility with ASKAP.
The results of our previouduster-clusterobservations at 1.6 GHz demonstrated the advantages
of this configuration to calibrate the ionospheric distums responsible for the loss of positional
accuracy at low frequencies, using multiple calibratora imnge between 1 to 6 degrees away
from the target. Therefore, we conclude that joint obsésmatof ASKAP with other multi-view
sites usingcluster-clustertechniques would improve the outcomes of the high spatsadlogion
component of ASKAP applied to astrometric projects, adhigwigher precision for many more
targets, and with lower detection thresholds. Also veryeafigld VLBI mapping becomes a
possibility. Looking to the future, this would contribute the development of new techniques
that are relevant for future high resolution observatioith the SKA.

Science and Technology of Long Baseline Real-Time Interfetry:
The 8th International e-VLBI Workshop, EXPReS09

June 22 - 26 2009

Madrid, Spain

*Speaker.
TOn secondment from OAN, Spain.

(© Copyright owned by the author(s) under the terms of the @e&ommons Attribution-NonCommercial-ShareAlike Licen http://pos.sissa.it/



“Cluster-Cluster” VLBI with future radio interferometers Maria J. Rioja

1. Introduction

Conventional Very Long Baseline Interferometry (VLBI) mieareferencing technigues can
achieve the highest precision relative astrometric measents of a target source, using alternat-
ing observations of a nearby calibrator source, at fregasrmetween a few and tens of GHz. At
lower frequencies, i.e., below 2 GHz, its application isstosined. The cause of this limitation
is the unpredictability of both the temporal variations ahe spatial irregularities in the plasma
density in the ionosphere, which introduce differentiaghpaariations between the observations of
the two sources, even for very fast switching times and ssaaifce separations. The temporal and
spatial differential ionospheric fluctuations degrade ghsitional accuracy of the technique and,
eventually, prevent the phase connection process and ehefunventional phase referencing.
These fluctuations are larger at lower frequencies.

In general, observations which involve more than one catidsrhave demonstrated advan-
tages for astrometric VLBI at low frequencies. The excepifthe ideal but unusual configuration
when a target and a strong calibrator lie within the fieldAefy (FoV) of the VLBI antennas (an
“in-beam” calibrator), and thus can be observed simultaslgo A useful variation of this com-
bines the observations of an “in-beam” weak calibrator s@and nodding to a more distant strong
calibrator. The observations of the strong calibrator @eduto remove the first-order atmospheric
effects; then the observations of the weak source, whichssmed along with the target source,
provide further adjustments (a fine tuning) of the spatia @mporal fluctuations, with longer co-
herence times [2]. The results obtained with this approaetpeomising; however its widespread
application is still limited by sensitivity. Another useéfapproach is when there are two calibrators
aligned with, but on opposite sides of, the target. Durirggdhservations the telescopes alternate
every few minutes between the three sources, and in thesasalyccessive scans on the calibra-
tors are used for the spatial and temporal interpolatiohé@nclosed position and scan time of the
target source [1]. The unlikely source configuration regghifor this approach to work results in
limited applicability, and the overhead calibration tirsdarge.

This contribution is concerned with the multi-view duster-clustervVLBI technique, which
allows simultaneous observations of a target and multiglibr@tors around it by replacing single
telescopes by sites with multiple elements. The suitgbiftthis technique to address the iono-
spheric effects has been demonstrated with joint obsengatbetween connected interferometer
arrays at 1.6 GHz of a target and three calibrator sourcesHige 1). Despite these benefits its
use has been limited by the shortage of observing sites hencoimplexity in its implementation.
We wish to revisit this technique now in the light of the nerngration of instruments for low
frequency observations that will become operational indiwerse of the next decade, for which
the multi-beam capability is an “in-built” feature, such ASKAP in the near future, and SKA
in the long term. We believe that the implementatiorchister-clustertechniques will enhance
the performance of VLBI observations with ASKAP by providihigher precision astrometric
measurements of many more targets, along with an extremdi+field mapping capability.
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2. “Cluster-Cluster” VLBI: Basics and Demonstration

Cluster-Clusteror multi-view VLBI is a technique that replaces single-betatescopes by
sites with multiple-beam capabilities (altister’) [7]. The cluster-clusterconcept offers the
prospect of correcting for phase perturbations arisingnftbe spatial and temporal structure in
the troposphere and ionosphere, since such structure carodbelled using simultaneous obser-
vations of multiple reference sources. The basic requintsni@r a site to conduatluster-cluster
observations are that the elements (usually antennasgaifedm a common frequency standard,
be equipped with a precise phase calibration system andthenability for independent pointing.
This ability makeslustersites flexible to adapt the sensitivity of the observatidrysadapting the
number of antennas allocated to the observations of eachesou

The feasibility and advantages of this approach have bemograted with observations, for
example, carried out in November 1999 with 3 interferongetéie VLA, WSRT and MERLIN,
at 1.6 GHz (see [3-6] for a detailed description of all oureslzations). Each interferometer ob-
served four sources simultaneously, selected from the Vc8lbrator list such that one of them,
the target, lies in the sky surrounded by the other threecesuthe calibrators. The angular sep-
arations from the central target source were 1, 3 and 6 degaseshown in Figure 1. We carried
out a comparative analysis of techniques which aimed taecbthe ionospheric distortion of the
wavefront, that is, using a combination of the observationghe three calibrators, and using a
single calibrator at a time. The combined analysis showatlatsimple 2-D linear interpolation
of the ionospheric paths would be sufficient to correct thasphof the target source at the central
position, using the phases measured on the three otheresouxtoreover, the 2-D linear model
derived from the simultaneous observations of the threecesuesulted in a superior phase com-
pensation compared to that from the (phase) difference dmtveach of the pairs to the central
source, as done in conventional phase referencing. Thusesults demonstrated the superiority
of the cluster-clustertechnique to compensate the ionospheric errors in VLBI mlagens, even
with respect to a single calibrator only 1 degree away, aGH&.

3. ASKAP in the context of “Cluster-Cluster” VLBI

ASKAP is a next generation mid-to-low-frequency radio ifaeometer and one of the SKA
demonstration telescopes, located in Western Australg@nhprises 36 12-m multi-beam antennas
distributed over 6 km, with most of them lying within a cirekm in diameter. It incorporates
novel receiver technology consisting of phased-arragdemnd beam forming modules, which will
result in an extremely wide FoV of about 30 square degredseimbserving frequency band from
0.7 to 1.8 GHz, using about 30 beams per antenna. It will @san instantaneous bandwidth
equal to 300 MHz and 2 polarizations.

ASKAP will participate in VLBI observations as a tied-arrayd will retain the unique multi-
beam feature. The number of planned tied-array beams willttheast equal to that of antenna
beams, and fully steerable within the wide antenna FoV. hewotvords, ASKAP operating in
VLBI mode will be equivalent to having about 30 single-beanteanas, each with a collecting
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area equivalent to a 64-m dish, and independent pointingirwihe wide ASKAP FoV of about
30 square degrees. Hence, joint VLBI observations with evoikt of conventional single-beam
antennas, with typical FoVs of about 0.5 to 1 degree, woulgl orake use of a small fraction of
the capabilities of ASKAP.

ASKAP meets the criteria to beduster, with the steerable multiple tied-array beams taking
the place of the steerable single-beam antennas. To impterid| cluster-clusteitechniques it is
vital that the multi-beam operations of ASKAP can be matchigd similar multi-view capabilities
from other instruments which have common visibility with R&P. This is a list of candidate VLBI
sites that already support or can be upgraded to support-vieit VLBI located in Australia and
overseas. In Australia, the Australia Telescope Compa@yAfATCA), with 6 22-m antennas,
the Parkes Observatory, with a 64-m antenna and a 12-m antbkath of which will be equipped
with multi-beam receivers, and the Mount Pleasant Radioe®hsory, with three independent
antennas; plus overseas, the Giant Meter-wave Radio dgegsGMRT), in India, and MeerKAT,
South Africa’s SKA pathfinder (see Fig. 2).

We are working towards testing the feasibility of VLBI obgations with acluster-cluster
network of Australian sites. Such a network would providetlecessary counterpart to exploit the
full capabilities of ASKAP in the VLBI domain.

4. Discussion

ASKAP fulfills the conditions to be alustersite, and a key element fofuster-clusterVLBI
observations due to its high sensitivity, which resultsrfrilme large collecting area and wideband
recording, and the wide FoV. The results of aluster-clusterexperiment, with observations of
a target surrounded by a group of three calibrators dig&tbacross a region equivalent to the
wide ASKAP FoV, demonstrated the advantages of this cordtgur to calibrate the ionospheric
distortions, which degrade the positional accuracy in eatienal “nodding” VLBI observations
at low frequencies. ASKAP will be located in Western Ausaalvhich happens to be a part of the
world with common visibility with other VLBI sites which hdlthe potential to carry out multi-
view VLBI. There are plans to study the needs to upgrade tbasdidate sites to belustersand
the feasibility of joint observations with ASKAP. Three bt sites are members of the Australian
VLBI network (LBA) and routinely carry out joint observatis. Other candidate sites are located
overseas, in India and Africa. In addition to those, any Isifigeam antenna site could become a
clusterif equipped with a phased-array-feed receiver. Therefeseconclude that joint observa-
tions of ASKAP with other multi-view sites usinguster-clustertechniques would improve the
outcomes of ASKAP applied to astrometric VLBI measuremeathieving higher precision for
many more, and a broader range of, targets, and with lowectiet thresholds for imaging of
weak sources. Alsaluster-clustertechniques would export the extremely wide FoV capability
of ASKAP as a stand-alone instrument to VLBI observationwSKAP, by enabling multiple
wide-field VLBI mapping.

We discuss here the feasibility of VLBI astrometry at lowqginencies, based on the proba-
bility of finding suitable calibrators, using ASKAP eitheiittva VLBI array of clustersor with
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a single-beam antenna network. Best astrometry with aesinghm antenna network is carried
out using phase referencing techniques with an “in-beandiireagor, or the variation of this which
is a weak “in-beam” calibrator plus nodding. The applicataf the “in-beam” technique, never-
theless, is constrained by the small probability of findinghsa calibrator within the same FoV,
about 1 square degree, as the target. For a given target;abahility would be higher the greater
the sensitivity of the array. On the other hand, thester-clustertechnique achieves comparable
astrometric results with the additional advantage thadiit draw calibrators from a larger fraction
of the sky, as wide as the FoV of ASKAP, about 30 square degrEes comparison, we have
done a rough estimate of the impact of the increased seatsiind wide FoV on the number of
astrometric calibrators, in observations of ASKAP with avark of single-beam antennas and a
network ofclusters respectively. The number of “in-beam” calibrator sourcequired for astrom-
etry with ASKAP in a VLBI array of single-beam antennas, witbw with the increased recorded
bandwidth to the power of approximately 0.85, since theiseityg is proportional to the square
root of the bandwidth and assuming a logN-logS source Higftdn has an index of aboutl.7.
Hence a bandwidth increase by a factor of 10, which corredpém an upgrade from the current
LBA standard mode to the bandwidth of ASKAP, would increageabout 7 times the number
of “in-beam” calibrators. In turn, the number oluster-clustercalibrator sources for astrometry
with ASKAP in a network of multi-view sites will scale with ¢hFoV, which is about 30 times
more. The conclusion is that there are more sources to beddain expanded FoV than from an
increased bandwidth. Therefore, from the perspective ailable calibrators, theluster-cluster
technique has a more comprehensive application. The tvimipaes are not exclusive, and their
combined use would lead to the optimal outcome, which camtig@gd on a case-by-case basis.

Looking to the future, the ASKAP is a pathfinder for the SKA ghaim, and one of the next
generation telescopes that will see light in the coming decaThe outlined benefits of using
cluster-clustertechniques in VLBI observations with ASKAP would apply eliyido some of
those instruments. Ultimately, establishinglaster-clustemetwork for VLBI observations with
ASKAP would contribute to developing new techniques thatratevant for future high resolution
observations with the SKA in the mid-frequency range, amlaithe technological development
for the SKA to improve the scientific capabilities of VLBI.
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Figure 1: Sky distribution of the sources simultaneously observexircluster-clusteobservations carried
outin 1999 with VLA, WSRT and MERLIN interferometers, at I561z. The sources, strong and compact,
belong to the VLBA calibrator list. The idea behind this teitjue is that the observations of a target source,
in the middle, are calibrated using a combination of the pmasasurements on the other three sources.
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Figure 2: Map of potential multi-view facilities in Australia and osgeas for joint VLBIcluster-cluster
observations with ASKAP.
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