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We present partial results from our monitoring of the nuckegion of the starburst galaxy IC
694 (=Arp 299-A) at radio wavelengths, aimed at discoveriegently exploded core-collapse
supernovae, as well as to determine their rate of explosgibith carries crucial information on
star formation rates and starburst scenarios at work.

Two epochs of eEVN observations at 5.0 GHz, taken in 200&aled the presence of a rich
cluster of compact radio emitting sources in the central A&@f the nuclear starburst in Arp

299A. The large brightness temperatures observed for tinpact sources indicate a non-thermal
origin for the observed radio emission, implying that mdstpt all, of those sources were young
radio supernovae and supernova remnants. More recemigroporaneous EVN observations at
1.7 and 5.0 GHz taken in 2009 have allowed us to shed light®ndmpact radio emission of the

parsec-scale structure in the nucleus of Arp 299-A. Nanmely,EVN observations have shown

that one of the compact VLBI sources, Al, previously detbete5.0 GHz, has a flat spectrum
between 1.7 and 5.0 GHz and is the brightest source at bajbdneies. The morphology, radio

luminosity, spectral index and ratio of radio-to-X-ray asion of the A1-A5 region allowed us to

identify A1-A5 with long-sought AGN in Arp 299-A. This findghmay suggest that both starburst
and AGN are frequently associated phenomena in mergerallysiwe also note that component

AO0, identified as a young RSN, exploded at the mere distant@mparsecs from the putative

AGN in Arp 299-A, which makes this supernova one of the closes central supermassive

black hole ever detected.
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1. Introduction

A large fraction of the massive star-formation at both low- and ladtas taken place in
(U)LIRGs. Thus, their implied high star-formation rates (SFRs) are dggdeto result in CCSN
rates a couple of orders of magnitude higher than in normal galaxiesefohera powerful tracer
for starburst activity in (U)LIRGs is the detection of CCSNe (see, ¢lparit references therein),
since the SFR is directly related to the CCSN rate. However, most SNe imecinr(U)LIRGs
are optically obscured by large amounts of dust in their nuclear stadmsbnments, and have
therefore remained undiscovered by (optical) SN searches. Fotyyriaie possible to discover
these CCSNe through high-resolution radio observations, as radio emis§iee from extinction
effects. Furthermore, CCSNe are expected, as opposed to thermamBble, to become strong
radio emitters when the SN ejecta interact with the circumstellar medium (CSM) dsatjected
by the progenitor star before its explosion as a supernova. Theré@f@hLIRGs are starburst-
dominated, bright radio SNe are expected to occur and, given its comgaand characteristic
radio behaviour, can be pinpointed with high-angular resolution, higkibéty radio observations
(e.g., SN 2000ft in NGC 7469][2] Bl 4]; SN 2004ip in IRAS 18293-34[HR,SN 2008cs in IRAS
17138-1017,[]6],[7]; supernovae in Arp 299 [8], Arp 240 [}, ld], Mrk 273 [12]). However,
since (U)LIRGs are likely to have an AGN contribution, it is mandatory theofiségh-sensitivity,
high-resolution radio observations to disentangle the nuclear and stellaty(finam young SNe)
contributions to the radio emission, thus probing the mechanisms responsithie feeating of the
dust in their (circum-)nuclear regions.

2. e-EVN and full-EVN imaging of Arp 299-A

Arp 299 (the merging system formed by IC 694 and NGC 3690) is the “ofiggtarburst
galaxy [13] and an obvious merger system that has been studied egtgrgimany wavelengths.
An active starburst in Arp 299 is indicated by the high frequency ofrreoptically discovered
supernovae in the outer regions of the galaxy. Since the far infrared dgityrof Arp 299 is
Lir ~ 6.5 x 10''L., the implied CCSN rate is 6£1.7 SN/yr. Given that 50% of its total infrared
emission comes from source A (see top panel ofBig. 1), it is expected €hatSN/yr will explode
in region A. Therefore, this region is the one that shows most promiséadiamg new supernovae.
Indeed, Neff et al. (2004) found a new component in this region, bypesing VLBA observations
carried out in April 2002 and February 2003.

We used the electronic European VLBI Network (e-EVN) [14] to image 299-A at a fre-
quency of 5 GHz over 2 epochs, to directly detect recently explodegtaalapse supernovae
(CCSNe) by means of the variability of their compact radio emission. The attaifiesource
root-mean-square (rms) noise level wasiBB/beam and 241Jy/beam for the 8 April 2008 and
5 December 2008 observations, respectively, and enabled us to metecthan 20 compact com-
ponents above 5 rms (see Fig. 1 apd [15]). Since the EVN radio image @téniber 2008 is
much deeper than the one obtained on 8 April 2008, it is not surprisingvihatetected a larger
number of VLBI sources in our second epoch (25) than in our firs{@Bg This allowed us to go
back to our first-epoch image and extract the flux density for the new coemp® (A15 through to
A25 in Fig.[]), which show> 5 rms detections only in the December 2008 image. This procedure
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allowed us to recover four components aboae(B15, A18, A22, and A25), based on a positional
coincidence with the peak of brightness of our second epoch of gteater 0.5 milliarcsec, i.e.,
much smaller than the synthesized interferometric beam).

These e-EVN observations showed the existences of a very comphatudtear starburst in
Arp 299-A. The angular size encompassed by the radio emitting sourcep ia9-A is smaller
than 0.7'x0.4", corresponding to a projected linear size of (£88) pc.

In 2009, we used the European VLBI Network (EVN) to image the cerggabns of Arp 299-
A at 1.7 GHz on 7-8 June, and at 5.0 GHz on 12-13 June. We used asdstata recording rate
of 1024 Mbit st in two-bit sampling. Each frequency band was split into eight intermediate
frequencies (IFs) of 16 MHz bandwidths each, for a total synthesiaadwidth of 128 MHz. We
followed the same calibration and imaging scheme used for our e-EVN altieery, as described
in [[3]. The final images are shown in Figyfe 2, and were obtained blyiagmatural weighting
to the data, which resulte FWHM, synthesized interferometric beams of (1k%mMa4 mas at
PA=-76) and (5.0 mas< 4.1 mas at PA=7) at 1.7 and 5.0 GHz, respectively. The attained 1
off-source r.m.s noise was ef 25uJy at 1.7 GHz and- 22Jy at 5.0 GHz.

3. Summary and discussion

We have presented results obtained from our e-EVN and full-EVN monitofitige nuclear
region of Arp 299-A at 1.7 and 5.0 GHz.

Two epochs of eEVN observations at 5.0 GHz, taken in 2008, reveadgurésence of a rich
cluster of compact radio emitting sources in the central 150 pc of the nustiedourst in Arp
299A, which were mostly identified with young radio supernovae (RSN&kapernova remnants
(SNRs). Those objects identified as RSNe show radio luminosities that acaltgp Type Il L
and/or Type lIb supernovae, and several of them show strong tiatiseof having exploded in the
last few years. We also note that many of them seem to follow a rather stwutien, as opposed
to the usually rapid evolution of RSNe in normal galaxies, and argue that thesbeudue to the
CSM in the nuclear regions of Arp 299-A being much denser than the C8&buatered in normal
galaxies.

Our contemporaneous, full-EVN observations at 1.7 and 5.0 GHz takeimi 2009, have
allowed us to shed light on the compact radio emission of the parsec-scalistrin the nucleus
of Arp 299-A. Namely, our EVN observations have shown that one o€tmepact VLBI sources,
Al, previously detected at 5.0 GHz, has a flat spectrum between 1.7G6dHz and is the brightest
source at both frequencies. The morphology, radio luminosity, sp&utied and ratio of radio-to-
X-ray emission of the A1-A5 region allowed us to identify A1-A5 with long-gbtilAGN in Arp
299-A. This finding may suggest that both starburst and AGN are értyuassociated phenomena
in mergers. Finally, we also note that component AO, identified as a youhlj &®ploded at the
mere distance of two parsecs from the putative AGN in Arp 299-A, whichesalis supernova
one of the closest to a central supermassive black hole ever detected.

Our ongoing monitoring of Arp 299-A might allow us to directly, and indepertigeof models,
determine its CCSN rate. This would be of crucial relevance for LIRG studiace the CCSN
rate carries crucial information on the massive star formation rate andigagaenarios at work
in LIRGs.
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Figure 1. Top panel:5 GHz VLA archival observations of Arp 299 on 24 October 200B8playing the
five brightest knots of radio emission in this merging galakiddle and bottom panels5 GHz e-EVN
observations of the central 500 light years of Arp 299-A on@ilAR2008 and 5 December 2008. The off-
source root-mean-square (r.m.s.) noise level ig13@/beam and 2piJy/beam for the middle and bottom
panels, respectively, and show the existence of #5 and 2@actincomponents with a signal-to-noise ratio
(s.n.r.) equal or larger than five on 8 April 2008 and 5 Decan@b@8, respectively. The size of the FWHM
synthesized interferometric beam was of (0.6 arcse®4 arcsec) for the VLA observations, and of (7.3
milliarcsecx 6.3 milliarcsec) and (8.6 milliarcsec 8.4 milliarcsec) for the e-EVN observations on 8 April
2008 and 5 December 2008, respectively.
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Figure 2: Top: 5.0 GHz full EVN image of the central 150 parsec region of timihous infrared galaxy
Arp 299-A (=IC 694), displaying a large number of bright, quant, nonthermal emitting sources, mostly
identified with young RSNe and SNRs. The image center is at RA8t33.63686 and DEC 58:33:46.5806.
Middle and bottomBlow-ups of the inner 8 parsec of the nuclear region of Arp-29@s imaged with the
full EVN at 1.7 and 5.0 GHz. The image center is at RA 11:2833984 and DEC 58:33:46.7006 in both
panels. The morphology, spectral index and luminosity efAti-A5 region are very suggestive of a core-jet
structure. The color scale goes from 50y/b up to 40QuJy/b in the top panel and from 128Jy/b to 400
uJy/b in the middle and bottom panels. Contours are drawn ati3.8 times the off-source r.m.s. noise.
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