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One of our closest neighbours, the Andromeda Galaxy (M34)de&n the subject of numerous
large area studies across the entire spectrum, but so fati$ilradio surveys have been con-
ducted only at low resolution. The new wide-field capala$tof the DiFX software correlator
present the possibility of imaging the entire primary bedrma WLBI array, thus enabling a high-
resolution wide-field study of the entire galaxy. Using theBA and EVN, pilot observations
of M31 have been carried out with the aim of using these nevesiield techniques to charac-
terise the population of compact components at VLBI resmiuiboth within and behind one of
our nearest neighbours. This contribution describes tservhations carried out, the preliminary
processing and first results.
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1. Wide-field imaging

Traditionally, VLBI is not well-suited to wide-field imaggndue to time and bandwidth smear-
ing effects which become worse with greater averaging. Makirger images involves correlating
with narrow channels and short integrations which can t@sulery large datasets and is often
limited by the output rate of a given correlator. A single Ustakset with sufficient time and spec-
tral resolution to avoid smearing across the entire prinb@am of the VLBA would be extremely
large and unmanageable in AIPS.

Software correlators allow for much more flexibility, lirai mainly by the available comput-
ing power. The DiFX software correlator [1] is one such clatiar, now in use as the production
correlator for both the Australian LBA and the VLBA. The nevide-field capabilities of DiFX
(correlating a large number of phase centres in a singlelation pass) allow the end user to pro-
duce far more manageable output datasets and presents#ilility of imaging the entire primary
beam of a VLBI array, greatly increasing the informationadiable from a single observation and
speeding up surveys. For details of the new capabilitiesiBKDsee [2, 3].

2. Why M317?

M31 covers a large area on the sky, its disk has a major axisroést in the radio. It has
a bright core of emission, a 10kpc ring of star formation whshiows up strongly not only in
the infra-red and ultra-violet, but also in low resoluticadio surveys. There is a history of star
formation within the spiral arms with regular optical nowde&tections, the occasional supernova,
and many known H regions, X-ray sources, and numerous background AGN catetid

One of the closest galaxies to the Milky Way, M31 has beeney@d extensively across
all wavebands, including several low-resolution radicdsts carried out over the last 50 years.
Braun [4] surveyed the eastern half of the disk with the VLABx C- and D-configurations,
resulting in a detailed map at a resolution of 5" and a soustedntaining 534 objects down to a
limit of 35 uJy beanm!at L-band. Beck et al [5] surveyed the disk of the galaxy ataind using
the VLA in D-configuration, covering the entire 10 kpc ringdaven pointings at a resolution of
45", resulting in an additional catalogue of 36 linearlygrided background sources to a limit of
75uJy bean?. Of the catalogued radio sources, a large fraction are alwason VLA scales. Of
the 534 continuum sources in Braun’s survey [4], 103 havsiplesassociations with & nebulae
and seven are co-located with previously known supernavena@ts. The map also contains 121
objects associated with previously known radio source®8tMHz, 610 MHz or 1.4 GHz, many
of which appear to be background AGN, some with classic ggirer double lobed structures.

The star formation rate in M31 has been measured using &w@nmihods and has been esti-
mated to be around 0.5 to 1Mr—1, significantly less than in nearby starbursts. Estimatebef
supernova rate are varied and have significant uncertatitthe distance of M31, VLBA obser-
vations at 1.4 GHz give a linear resolution06.02 pc which would allow even young supernova
remnants to be resolved.

The scientific aim of this project is to produce a catalogueashpact components within the
M31 field, both those within and behind the disk, in order t@estigate both star formation within
the galaxy and the population of background AGN. The obsiens described here are essentially



Wide-field VLBI imaging of M31 - first results Megan Argo

a pilot study in preparation for imaging the entire disk af thalaxy at VLBI resolution, and are
also testing wide-field techniques which will become compiace for future instruments.

3. Observations

A field in the eastern half of M31 was observed at 1.4 GHz withEropean VLBI Network
on June % 2010. Due to the heterogeneous nature of the array, thiswatties used four pointings
spaced 7.5’ apart on the sky, Nyquist sampling the sky wittgffelsberg beam in order to increase
the size of the central sensitive area at an acceptablercogerall sensitivity. The run was 8 hours
in length at a data rate of 512 Mbps. These data have not yetdreeessed. For further discussion
of multiple pointing VLBI surveys, see [6].

An adjacent field was also observed using a single pointirtgel/ery Long Baseline Array.
This observation utilised all ten stations of the array, hatbtal length of 8 hours, used 4 IFs
of 16 MHz each, nodding to a phase calibrator, J0038+41%Atédl roughly 1 away, and was
observed on July2010, again at 1.4 GHz. Both fields are illustrated in Figur&He data from
this observation were correlated with DiFX in Socorro asgula continuum experiment, but the
baseband data were also copied to disk and shipped to Cuntiretdity where they were loaded
onto a cluster for re-correlation and processing.

4. Targets

The aim is to map the entire primary beam, but for an initigt 'en with the VLBA data
only a limited number of fields were used so that proceduretddee tested quickly with a small
amount of data.

In source catalogues from NERhere are many hundreds of sources listed in the literature
within 0.5 of the VLBA pointing centre. Applying various cuts and exdilug duplicates and
those sources not known to be radio bright resulted in a 1i4f7é sources to use as a first pass.
Figure 1 also shows the location of the target sources supesged on a low resolution map of
M31. Ouir first run used just these positions as phase centrest of which are known radio
sources from the Braun and Beck et al surveys [4, 5].

5. Processing

The baseband data from the VLBA observation were shippeditbrQUniversity on disk, as
well as being correlated in Socorro as usual using standakgures. The maturity of the DiFX
correlator, along with the fact that the data had already lmeerelated at the VLBA (meaning
that all parameters required for correlation, such as otfidets, had been determined) essentially
turned re-correlation into a high performance computingpfam. Re-correlation was carried out
on a cluster at Curtin University using the new multiple-gaentre capabilities of DiFX, produc-
ing a single manageabiefits file per target phase centre.

INASA's Extragalactic Database, http:/nedwww.ipaceetitedu/
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Figure 1: The EVN (left) and VLBA (right) fields observed as part of tetsidy. The greyscale plot is the
1.4-GHz VLA data from Beck et al [5], contours are the preglicsensitivities for the VLBI observations in
uJdy beant?! [6] and crosses show the phase centres used in the firstatiorepass with the VLBA data.

Calibration of the re-correlated datasets was then stifaigtard and proceeded as for a stan-
dard VLBA continuum observation. The calibrator scans fi@otorro were used to produce cali-
bration tables which could then be applied to each re-ctedldataset in the same way calibration
is transferred from an averaged dataset in a spectral liperiement. The re-correlated data had
a greater spectral resolution than the data from the Socommelator (with 128 channels per IF,
rather than 32), so the bandpass calibrator data also hadresdorrelated at Curtin with the same
parameters as the target scans in order to perform a banchddssation.

Flagging of bad times and antennas was also carried out atathecorrelated in Socorro and
transferred, but bad channels were flagged on the re-ctadetita. In particular, the first two IFs
suffered significantly from RFI. While most calibration igually applicable to all fields, it was
found that when a flag table created for one field was trarefdr a different phase centre, not all
of the bad data were removed. Adding flags for a number of figlsspaced around the primary
beam should improve this.
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6. Results

Figure 1 shows the positions of each of the phase centresrrelated at Curtin. The most
efficient source-searching technique is to pipeline thelgeton of dirty maps and output statistics
on the brightest and rms pixel values in each field. This duspggested a couple of possible
detections which were then examined by eye. Each pipelimegjé was also examined by eye
and, while most of the images were empty, a total of threeceswvere detected at50:

e 4145+2623 a 5.2 mJy source in the NVSS [7], detected here at 1 mdy, (bcated outside
the 10 kpc ring to the west;

e 425142633 a background AGN candidate with a flux of 24 mJy in the NVSS2achJy in
[5], detected in this observation with a flux of 2 mJy, locatedhe north of the nucleus and
inside the ring on the sky;

e 4218+2926- located just outside the ring, another background AGN ickated and one of
the brightest radio sources within the whole VLBA field witila of 372 mJy in the NVSS
and 307 mJy in [5], detected here as a double source with theaoeents having fluxes of 1
and 2 mJy respectively, see Figure 2.

Much of the emission seen in VLA or single-dish maps is ex¢elnéo not all of the sources
detected in previous surveys would necessarily be detettdus angular resolution. Given the
number of AGN candidates and other known radio sources wdniehcompact on VLA scales,
however, the detection rate is lower than might have beeaasd.

One factor is that the list of phase centres actually inaduakany overlapping fields, so the
total number of independent fields imaged is consideralsly likan 175; the three sources detected
were each present in several images due to overlap. Anatbirfis the noise level. Although the
predicted noise level near the centre of the primary beardBuJy beam?, the actual noise level
in the pipelined images was0.2 mJy beam!. This can be improved by refining the calibration.
There could also be other, astrophysical, effects whiclhhiaedhe detection rate, such as angular
broadening due to the emission from these sources passioggththe ISM of an entire (and
reasonably inclined) galaxy.

It was hoped that there would be at least one field containidgtection strong enough to be
used as an in-beam calibrator which could then be used teer#fan calibration further, but the
sources detected so far are too weak to be used for this murpos

7. What's next?

Initial results show that several sources have been detattbe M31 field in a single 8-hour
VLBA observation, separated by up to 15’ on the sky. Thereaane@mber of ways in which the
calibration can be refined which should improve the noisell@v the pipelined images. Once
the pipeline is functioning satisfactorily, the entirerpary beam can be imaged and searched for
sources.

The procedures outlined here will also be applied to the E¥td.dThis will be significantly
more complicated, however. Firstly, the EVN is a heterogesearray, each antenna is different
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Figure 2: The double source 4218+2926 detected in the VLBA obsemstitocated north west of the
nucleus, just outside the 10 kpc ring.

and will have a different response which must be taken into@at in the calibration. Secondly, in
order to increase the sensitive area in the centre of the fl@abservation used multiple pointings,
Nyquist sampling the sky with the Effelsberg beam.

The work presented here illustrates that imaging anywhétemthe primary beam of a VLBI
array is not only possible, but given suitable computinglifaes can be fairly straightforward for
simple observations.
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