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High resolution radio observations of the nearby starburst galaxy M82 at both 1.6 GHz and 5 GHz
are presented. The combination of simultaneous Global VLBI and MERLIN observations of
M82, made on the 3rd Mar. 2005, have produced the first detailed observations of the majority of
the supernova remnants within the central starburst of M82 at a frequency of 1.6 GHz. These data
also provide the fifth epoch of milliarcsec resolution images of the four most compact sources,
allowing monitoring of their evolution over a 19 year timeline. In addition, MERLIN 5 GHz
observations over an 8 day period have been used to study the expansion of ten of the supernova
remnants within the central starburst.
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Sensitive high resolution radio imaging of
supernova remnants in the M82 starburst
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1. Introduction

2. 1.6 GHz global VLBI & MERLIN observations
Sixteen radio stations across America and Europe were used to make global VLBI observations of M82 at 1.6 GHz on the 3rd Mar. 2005. These provide a fifth epoch of observations at this
frequency and have been used along side EVN (1986 and 1997), and global VLBI (1998 and 2001)
observations covering a nineteen year timeline, to study the expansion and evolution of the four
most compact supernova remnants within M82 at high angular resolutions. The shell-like source
43.31+59.6 (see Fig. 1), has been studied using the previous epochs, yielding an expansion velocity of 8000-10000 km s−1 [7, 8, 9]. Comparison of the most recent observations with data from
2002, provides a velocity of ∼7900 km s −1 , slightly lower than previously observed and perhaps
indicative of deceleration. Using the measured sizes from integrated annular profiles at each epoch,
a lower limit of 0.55 has been calculated for the deceleration parameter.
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Figure 1: Contour and colour-scale images of the SNR 43.31+59.2 from all five epochs of 1.4 GHz (first
epoch only) and 1.6 GHz observations. Each image is restored with a 15 mas beam. Contours are plotted
at −1, 1, 2, ..10 × 0.35 mJy beam−1. The colour-scale is linear ranging from 0.1 to 2.2 mJybeam −1 for the
first three epochs and from 0.1 to 1.7 mJybeam−1 for the latter two.

The most compact source within M82, 41.95+57.5, shows behaviour less typical of a SNR.
It has a distinct bi-polar structure, unlike for example the radio shell of 43.31+59.6. The EVN
observations did not completely resolve this source, hence, earlier global VLBI observations at the
same frequency have been used to study the evolution of this source, which have shown it to be
expanding at ∼1500-2500 km s−1 [10, 7, 8, 9]. However, determination of any expansion using the
most recent epoch of observations has been hindered by the significant small-scale evolution of
both the flux density and morphology of this source.
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M82 is considered an archetypal starburst galaxy, and as one of the closest (distance ∼3.2 Mpc),
provides an ideal opportunity to study a star forming environment in detail. The first detailed radio
studies of M82 [1] revealed a number of compact sources in the central region first identified as
either radio supernovae or supernova remnants (SNR) [2, 3]. Their subsequent lack of variability
confirmed their identity as SNR. Further MERLIN (Multi-Element Radio-Linked Interferometer
Network) and VLA (Very Large Array) observations have shown the central kiloparsec of M82 to
contain at least 50 compact sources including SNR and HII regions all of which are resolved by
either MERLIN [4, 5, 6] and/or VLBI [7, 8, 9].
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3. Global VLBI and MERLIN data combination
The MERLIN array was used to observe M82 at 1.6 GHz, simultaneous to the global VLBI
observations, enabling the combination of the two data sets to produce high fidelity images of the
central kiloparsec of M82 for the first time at this frequency (an example of which is shown in Fig.
2). The data have been fully imaged with angular resolutions ranging from ∼3-130 mas, revealing
the detailed structure of 37 of the SNR and HII regions within M82, including two new sources.
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Figure 2: An example field of the combined 1.6 GHz observations, convolved with a 35 mas beam. Contours
are plotted at −1, 1, 2, 3...19, 20× 0.196 mJy beam−1 (3σ rms) and the grey-scale is linear, ranging from 0.07
to 50 mJy beam−1.

4. 5 GHz Deep MERLIN Observations
Observations of M82 at a frequency of 4.994 GHz between the 1 and 28 Apr. 2002 were
made using the MERLIN array. This deep integration observation provided over 175 hours on
source and resulted in an image rms sensitivity of ∼17µ Jy beam −1 . These data have been used to
produce detailed images of 55 sources in the central region of M82 revealing shell and partial shell
structures. The measured diameters of the 37 detected SNR range from 0.4 to 7.8 pc with a mean
size of 3.0 pc (See [6]).
Previous MERLIN observations made in Jul. 1992 (see [4]) over a two day period (total 36
hours) have been used to produce astrometrically aligned images to investigate the expansion and
variability of the observed SNR. This has provided expansion velocities for ten of the SNR over a
ten year baseline. The velocities range from 1500-10500 km s −1 , confirming both the low expansion of 41.95+57.5 and that of the shell-like SNR 43.31+59.6 observed at Global VLBI resolutions
(see [7, 8, 9]). The highest measured velocity is of the SNR 43.18+58.2, which also shows a distinct
almost complete shell-structure.
Observations of the SNR population at both 1.6 GHz and 5 GHz have been used to determine
the supernova rate using a number of methods. These provide measurements of ν SN ∼0.07/yr,
which can be used to infer star formation rates of ∼1.8M /yr.
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5. Conclusions
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Global VLBI observations of M82 have provided a fifth epoch of observations to study the detailed evolution of the compact sources over a nineteen year timeline. These have provided expansion velocities for the SNR 43.31+59.6 and suggest that this source may be beginning to decelerate.
The combination of these data with simultaneous MERLIN observations has revealed the structure
of 37 of the discrete sources using resolutions of ∼ 3 − 130 mas. Comparison of extremely sensitive 5 GHz MERLIN observations with previous data has enabled the measurement of expansion
velocities for ten of the SNR within M82 providing values ranging from 1500-10500 km s −1 .

