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We report the first detection at multiple radio wavelengths (13, 6, and 3.6 cm) of 18 compact

sources within both nuclei of the Ultra Luminous Infra-Red Galaxy (ULIRG) Arp 220. In just

over half of the sources we find that the observed spectra are consistent with the standard model

of powerful Type IIn supernovae interacting with their pre-explosion stellar wind. The rate of ap-

pearance of new radio sources ascribed to these supernova events suggests that a large fraction of

core-collapse supernovae in Arp 220 are highly luminous, possibly implying a radically different

stellar initial mass function (IMF) or stellar evolution compared to galactic disks. A second group

of sources, consisting of the brightest and longest monitored sources at 18 cm, do not easily fit

the radio supernova model. We propose that these are young supernova remnants that have just

begun interacting with their surrounding dense ISM.
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Figure 1: Detected compact radio sources in the western nucleus of Arp220. This image combines the
13, 6 and 3.6-cm maps represented in red, green and blue, respectively. The different colours demonstrate
the wide variety of spectral properties of the sources. The axes are in mas from the reference position
α2000= 15h34m57.s25,δ2000= +23◦30′11.′′33.

1. Observations and data reduction

In order to map our EVN single-baseline 6-cm detections –see [3], we conducted VLBA1 13,
6, and 3.6-cm observations of Arp 220 during 10 hours on 9 Jan 2006.Instrumental delays and
rates were removed by fringe fitting the bright calibrator J1613+3412 andapplying the solutions
to the data from the whole experiment. Atmospheric effects were removed by means of phase
referencing with 2-minute scans on the nearby calibrator J1532+2344, alternating with 3.5-minute
scans on Arp 220 at each wavelength. Amplitude calibration was based on system temperature
measurements. Maps were produced at each wavelength using IMAGR and residual ripples were
removed in a final stage using Fourier methods. The noise levels obtained at13, 6, and 3.6 cm are
130, 86, and 87µJy beam−1, respectively. A more detailed description of these observations can
be found in [3].

2. Spectra

Figure 2 shows the spectra and model fits (see [3] for details) for the detected sources divided
in two groups according to their variability at 18 cm. The majority of the spectra are consistent
with power-law synchrotron emission with turnovers below some critical frequency. Such spectra
are typically observed in both supernovae (SNe) and supernova remnants (SNRs)[6, 1]

An important question iswhether the compact radio sources in Arp 220 are primarily super-
novae (interacting with their progenitors’ circumstellar medium) or supernova remnants (interact-
ing with the denser ISM). We find that for most of the sources showing variability at 18 cm (top
panel of Figure 2) the fitted opacities and luminosities are in the range definedbetween the most lu-
minous detected Type IIL SN 1979C and the Type IIn SN1986J. These sources are thus consistent
with powerful SNe. On the other hand, it seems very difficult to explain the nature of the sources
that are stable at 18 cm (bottom panel of Figure 2) using the same model. Although the diversity

1The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under coop-
erative agreement by Associated Universities, Inc.
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Figure 2: Top: Spectra and synchrotron plus free-free absorption models for the detected sources not in the
original 18-cm sample of [5]. These sources are either new since 1995, weak at long wavelengths or both.
Bottom: Spectra and synchrotron plus free-free absorption models for the detected sources in the original
18-cm sample of [5]. The first row shows three sources with relatively flat spectra. The middle row shows
sources with steep spectra and the last row shows two sourcesfor which good fits could not be obtained.

of their spectra is still a puzzle, we argue that, instead, these sources areSNRs in dense ISM en-
vironments. The proposed combined origin for the compact sources in Arp220 offers a consistent
explanation of the observed stability of the 18-cm light curves [4] without invoking SN events that
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are many times more luminous than the unusual SN1986J. If the rate of appearance of new radio
sources is attributed to core-collapse SN explosions, then the required number of massive stars is
much larger than predicted by the star-formation rate implying a top heavy initial mass function
(IMF). This suggests that the initial mass function in Ultra Luminous Infra-Red Galaxies (ULIRGs)
is perhaps radically different than in normal galaxies.

3. Main conclusions

1) For the first time we have detected the compact radio sources in Arp 220 at wavelengths shorter
than 18 cm. Previous failures to detect the compact sources at 6 cm appear to be largely due to
using a phase calibrator that was too distant.
2) There is evidence that younger sources have higher free-free absorption, consistent with what is
expected from RSN models.
3) The sources that are bright at 18 cm, originally detected by [5], are best modelled by young
SNRs interacting with the surrounding ISM. If they follow the same luminosity–size relation as
the SNRs in M82, their luminosities imply diameters of 0.2 pc and surrounding ISM of number
densities in the order of 104−5 cm−3. Ages for these sources would be only 30–50 years, similar to
those estimated by [2].
4) The rate of appearance of new radio sources approximately equals tothat expected from the star
formation rate if every core-collapse SN gives rise to a bright radio source [2]. However, slowly
evolving SNe as bright as those detected in Arp 220 belong to the Type IIn class, which are thought
to be relatively rare in galactic disks. Amongst the possible explanations to thisapparent conflict
are: that a totally different radio–SN paradigm applies to ULIRGs, that a top heavy stellar IMF
or non-standard stellar evolution applies. A final possibility is that the recent starburst activity
occurred in a very short but intense burst that we are now observingjust as the most massive stars
explode as SNe.
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