PROCEEDINGS

OF SCIENCE

Radio-Quiet AGN and the Transient Radio Sky

C.G. Mundell*
Astrophysics Research Institute, Liverpool John Mooreiwélsity, U.K.
E-mail: cgm@ast ro. 1 i vj m ac. uk

N.M. Nagar
Universidad de Concepcion, Chile
E-mail: nagar @st r o- udec. cl

P. Ferruit
ESTEC, The Netherlands
E-mail: pi erre.ferruit @ssd. esa. i nt

We present an 8.4-GHZ radio imaging study of an opticallgateld sample of early type Seyfert
galaxies; comparison of images taken at two epochs revessilye variation in the nuclear radio
flux density in five of them over a seven year period. Itis shtvathere is a possible correlation
between theresenceof nuclear radio variability and thabsenceof hundred parsec-scale radio
emission, analagous with radio-loud AGN. Our results septiet all Seyferts may exhibit vari-
ation in their nuclear radio flux density at 8.4 GHz, but thatiability is more easily recognized
in compact sources in which emission from the variable rugcis not diluted by unresolved,
constant flux density radio jet emission within the centrdl pg. Taken in combination with
other Seyfert properties, these results suggest a paraafigmermittent periods of quiescence
and nuclear outburst across the Seyfert population and dgmade the importance of investigat-
ing the temporal domain at radio wavelengths, which remeadmspletely unexplored for faint
radio-quiet AGN. Discovery of intermittent activity anddia flares has important implications
for the AGN duty cycles and the origin of Ultra-High Energysbaic Rays. New radio facilities,
such as the EVLA/VLBA, eMERLIN, LOFAR and eVLBI on the EVN, Iivrevolutionise the
study of radio-quiet AGN; in particular, the combinationin€éreased sensitivity and sampling
rate with high-angular resolution and automatic data rédoavill open up the transient radio
sky and bring major future breakthroughs.
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1. Introduction

Variability of nuclear flux density at all wavelengths a@dke electromagnetic spectrum has
long been recognised as a defining characteristic of Act@&ic Nuclei (AGN) [1]. The short
variability timescales measured at X-ray, optical and UWe&kangths, ranging from days to years
depending on observing wavelength and intrinsic AGN lursityp support the standard AGN
paradigm of nuclear emission originating from compactaegipowered by accretion of matter
by a central supermassive black hole, rather than stanti&tar processes [2, 3].

Variability at radio wavelengths is most marked in powematlio-loud AGN. The largest,
most rapid variations in nuclear non-thermal continuumssion are seen in BL Lacs and core-
dominated quasars [4]. These variations are explainedapitinby Doppler boosting of the nuclear
emission by highly-relativistic jets viewed at small argyie the line of sight and are consistent with
radio-loud Unification Schemes [5]. Flares in the radio fighrves might correspond to ejection
of new relativistic components or emergence of shocks imttterlying flow [6].

Seyfert nuclei, classified as radio quiet though not radiensi have been known for some
time to show variability in their continuum and line emigsat X-ray, optical and UV wavelengths
[7, 8], providing constraints on nuclear absorbing coluranations, photon reprocessing, structure
and dynamics of the Broad Line Region and mass of the cerbjatibo However, although ten
times more common than their radio-loud counterparts, é3&yfire 100 to 1000 times weaker at
radio wavelengths [9]; therefore, little is known about thadio variability of their nuclei as only
a small number of ‘interesting’ Seyferts have been systiealt monitored at radio frequencies,
with some studies motivated by serendipitous discovenadiorflares [10].

Some Seyferts have small radio jets], kpc in extent [11, 12]; with a constant flux density and
steep spectral index, this extended radio emission mayobsainter flat-spectrum emission asso-
ciated with the AGN itself unless observed at sub-arcsealangesolutions [13, 14]. Identification
of compact flat-spectrum radio nuclei with high brightnegsperatures using the VLBA, showed
unambiguously that Seyfert nuclei are black-hole drivarred engines - not compact nuclear star-
bursts [15] - and, coupled with the identification of a higbbllimated radio jet in NGC 4151 (Fig.
1) [12, 16], suggests that radio variability in Seyferts rbaycommon.

2. A VLA Search for Nuclear Radio Variability In Seyferts

We conducted a two-epoch study of 8.4-GHz nuclear radiogamsn a small, but complete
sample of 11 nearby optically-selected Seyferts in whighnihclear radio emission is imaged
at angular resolutions 6£0.2" (<50 pc); the original goal of the study was to obtain high quali
radio images to investigate the impact of Seyfert radiogatthe interstellar medium by comparing
extended radio structures with extended ionised gashilisimhs and excitations in the Narrow Line
Region as inferred from images with the Hubble Space Tetes@dST) [17]. This comparison is
presented in Mundell et al. (2009) [18], including new raid@ages of MCG —5-23-16. However,
by more reliably separating nuclear and extended radio coemts and comparing with previous
nuclear flux density measurements we serendipitously @ised a fraction of Seyfert nuclei with
variable nuclear radio flux densities [18].
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Figure 1: VLBA radio images of the highly collimated radio jet in NGC&tL(from [12].

3. Radio Variability, Seyfert Type and Radio Morphology

We selected all 12 Seyfert galaxies in early type hosts withxmi 4.5, cz< 3000 km st and
declination suitable for VLA observations from Mulchaegample of early-type Seyfert galaxies
[19]. The optical continuum and ionized gas properties vetuelied with the HST [17]; all ob-
jects, except MCG -5-23-16, were observed with the VLA in3,9% 1.4 and 8.4 GHz, as part
of the larger VLA shapshot study of [20] (hereafter N99) pdavg a comparison epoch for our
observations, which were conducted using the VLA in A configjon at 8.4 GHz on 1999 August
20/21. Full details of data reduction and analysis - inegigdiareful and important corrections for
tropospheric phase decorrelation - are given in Mundell.eR@09 [18]. Data presented in N99
were reprocessed using the method presented in [18] to amrous comparison of flux density
measurements of the weakest sources. The results areassfoll

e All twelve Seyferts are detected with the VLA; five nuclei sha variation in their nuclear
flux density between 1992 and 1999 ( NGC 2110, 3081, 5273 an@ M&30-15 declined
and NGC 4117 increased). The remaining six - Mrk 607, 620, NG86, 3516, 4968 and
7465, remained constant (one was not observed in 1992).

e No correlation is found between the detection of variab#ihd core luminosity, which lies
in the range 8.2 10'8 < L(corek 4 ghz < 5.9 x 107t W Hz 1 for this sample.

e No correlation is found between Seyfert type and the detedf radio variability. Instead,
the compactness of the radio emission seems to be a goodtimdat variability. All variable
nuclei, apart from NGC 2110, are compact and at best malgiredolved, while nuclei with
associated extended radio emission have remained canstant

e NGC 2110 (see Fig. 2) is the only Seyfert in this sample wigni§icant extended radio
emission from well-defined radio jeend a variable nucleus, suggesting that the intrinsic
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Figure 2: VLA A-configuration 8.4-GHz radio image of NGC 2110 takenrfrdédundell et al. (2009).

nuclear variability is higher than the observe88%. The observed nuclear flux variability
indicates significant nuclear structural changes on scabedler than the VLA beamsize (i.e.
within the central 15 pc), between the two epochs, possibéytd the appearance and fading
of new components or shocks in the jet. This is consistertt stib-parsec scale structures
identified by [15] that consist of a high brightness tempeeat> 6.0 x 10° K), synchrotron
self-absorbed point source, extended jet emission 0.1 ih aod south of the nucleus, and
a discrete component0.3 pc north of the nucleus, possibly the first knot in the mem jet.

e The serendipitous discovery of variability #650% of our sample, which was not selected
on any given radio property or known variability, suggesiat tradio variability in Seyfert
nuclei is a common phenomenon and the measured amplitudesiafion are likely to be
lower limits to peak-to-peak variations within this perio@his is consistent with studies
of lll Zw 2, which flares approximately every five years[21] tiaescale consistent with
the variability detected for our sample, given that two-@@pobservations are more likely to
detect fading sources if the decay timescale is longer tmabtightening timescale.

e All Seyferts might exhibit variations in their nuclear radiux density at 8.4 GHz, with it
being more easily recognised in compact sources in whickseam from the variable nucleus
is not mixed with unresolved, constant flux density radicejmission within the-0.2’ VLA
beam ( centrafS 50 pc for Veys<4000 km s'1). This is consistent with an increased detection
rate of flat spectrum nuclear radio emission in Seyferts edaaj VLBI resolution [15, 23],
further emphasising the importance of isolating nucleaission from jet emission. Linear
resolution limitations for studies of more distant AGN swhradio quiet quasars (RQQ)
are more accute. Barvainis et al. [22] find few differencesvben RLQ and RQQ other
than an unexpectedly weak dependence of radio variabititpuxlear spectral index, with
RQQs showing steeper spectral indices than RLQ. If radietquuasars have extended, but
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unresolved steep spectrum emission similar to Seyfers, tluclear variability and spectral
index might have been underestimated, thus increasingdineilarity to RL AGN.

e If flares in radio light curves correspond to ejection of nelativistic components or emer-
gence of shocks in the underlying flow, sensitive systenmatiaitoring of a larger sample,
combined with subarcsecond resolution imaging, may cortfiath Seyferts - as black-hole
driven AGN - have the capacity to accelerate relativistis gruring radio flares despite hav-
ing radio jets that are intrinsically non-relativistic thg quiescence.

4. Radio Flares and Relativistic Jets

Flux variability and apparent superluminal motion are daefincharacteristics of bulk rela-
tivistic motion in extragalactic jets. Long-term monitagi of radio-loud AGN [24] demonstrated
the existence of stochastic, non-random flare events at enwawvelengths, with mean timescales
~2 years for BL Lacs and QSOs [24]. In standard jet-shock nsmdatreases in total flux density
are attributed to the passage of shocks on pc scales in atdlimrelativistic flows and, in some
cases, radio flaring corresponds to propagation of indalidamponents in VLBI maps [25].

In contrast, debate continues over the nature of ejectéd pdasma in Seyferts; the presence
of bulk relativistic motion has not yet been demonstrateglagpfert jets, with existing proper motion
studies measuring apparent radio component spéggs< 0.25 ¢ [16]. The primary limiting factor
in establishing the radio variability characteristics ef/frts and their radio jets has been the lack
of high resolution, long-term monitoring surveys of largarples of Seyferts, whose radio nuclei
are faint in quiescence so require careful, phase-refeteabservations (e.g. [12]).

Despite the small number of Seyferts studied in detail sotffiere is growing evidence that
their nuclear activity is characterised by intermittenieggent phases punctuated by outbursts [26].
Serendipitous discovery of radio flares in Mrk 348 and Ill Zwguggest that Seyferts can accel-
erate their jets to large speeds during an outburst [27].t Matable was a flare in Il Zw 2 in 1998
that showed a-30-fold flux increase within 2 years and a highly-invertedioaspectrum peaking
at millimeter wavelengths; similar flares occurred at eadipochs over the last25 years at lower
frequencies [27]. A sudden change in spectral shape in 1886ated a structural change in the
nucleus - confirmed by VLBI imaging of the nucleus that regda newly ejected radio component
expanding at an apparent superluminal spéggd > 1.25c [6], in stark contrast to the upper limit
of 0.04c measured during quiescence. Discovery of a radie ifleNGC 2110 and the variability
of compact Seyfert nuclei in our sample suggests this maydoeremon phenmenon.

4.1 Radio Flares in Seyferts as the Origin of UltraHigh-Energy Cosmic Rays

The Auger Collaboration recently reported a significansaimopy in the arrival directions of
Ultra-High-Energy Cosmic Rays (UHECRS) and a possibleetation of events with catalogued
local AGN; this is consistent with the theoretical prediatithat energy losses due to photopion
production on the cosmic microwave background limit thersesi of the highest energy CRs to
D<100 Mpc. Although particle acceleration in jets and lobekoél radio galaxies offer promis-
ing candidates for some of the CR events, many remain carsial and debate centres around
whether the coincidence between the relatively large nuwidecal AGN compared with the small
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number of CR events is mere chance alignment [28]. TheatBtivery modest, buintermittent
jet activity in low luminosity AGN, such as Seyferts, coultbpide the acceleration mechanism
for UHECRs [29, 30]. In particular, acceleration of UHECRsldhe survival of energetic heavy
nuclei are possible in the parsec-scale weak jets that pieatly observed in radio-quiet AGN.

Routine, high quality, high angular resolution imaging oiell-selected sample of Seyferts
with current and future radio facilities, such as EVLA, eMHR, VLBA and LOFAR coupled with
multi-messenger follow-ups, would provide valuable infouthe debate on the temporal properties
of Seyferts, as well as investigating the wider possibtligt duty cycles and jet production in local
AGN may be associated with UHECRSs.
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