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ABSTRACT

Context. With the current study we aim at understanding the properties of radio emission and the assumed jet from four radio-loud
and� -ray-loud narrow-line Seyfert 1 galaxies that have been detected byFermi. These are Seyfert 1 galaxies with emission lines at
the low end of the FWHM distribution.
Aims. The ultimate goal is twofold: �rst we investigate whether a relativistic jet is operating at the source producing the radio output,
and second, we quantify the jet characteristics to understand possible similarities with and di� erences from the jets found in typical
blazars.
Methods. We relied on the most systematic monitoring of radio-loud and� -ray-detected narrow-line Seyfert 1 galaxies in the cm
and mm radio bands conducted with the E� elsberg 100 m and IRAM 30 m telescopes. It covers the longest time-baselines and the
most radio frequencies to date. This dataset of multi-wavelength, long-term radio light-curves wasanalysed from several perspectives.
We developed a novel algorithm to extract sensible variability parameters (mainly amplitudes and time scales) that were then used
to compute variability brightness temperatures and the corresponding Doppler factors. The jet powers were computed from the light
curves to estimate the energy output and compare it with that of typical blazars. The dynamics of radio spectral energy distributions
were examined to understand the mechanism causing the variability.
Results. The length of the available light curves for three of the four sources in the sample allowed a �rm understanding of the
general behaviour of the sources. They all display intensive variability that appears to be occurring at a pace rather faster than what
is commonly seen in blazars. The �aring events become progressivelymore prominent as the frequency increases and show intensive
spectral evolution that is indicative of shock evolution. The variability brightness temperatures and the associated Doppler factors are
moderate, implying a mildly relativistic jet. The computed jet powers show very energetic �ows. The radio polarisation in one case
clearly implies a quiescent jet underlying recursive �aring activity. Finally, in one case, the sudden disappearance of a� -ray �are
below some critical frequency in our band needs a more detailed investigation of the possible mechanism causing the evolution of
broadband events.
Conclusions. Despite the generally lower �ux densities, the sources appear to show all typical characteristics seen in blazars that are
powered by relativistic jets, such as intensive variability, spectral evolution across the di� erent bands following evolutionary paths
explained by travelling shocks, and Doppler factors indicating mildlyrelativistic speeds.
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1. Introduction

Seyfert galaxies were �rst identi�ed as a distinct class of ex-
tragalactic systems bySeyfert(1943), who studied the nuclear
emission of six “extragalactic nebulae” with “high excitation
nuclear emission lines superposed on a normal G-type spec-
trum”. The lines appeared to bebroadened, reaching widths of
about 8500 km sŠ1. Seyfertalso noted that the maximum width
of the Balmer emission lines increased with the luminosity of

� Appendices A and B are available in electronic form at
http://www.aanda.org
�� Data displayed in Figs.2 and3 (Table7 is an example) are only
available at the CDS via anonymous ftp tocdsarc.u-strasbg.fr
(130.79.128.5 ) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/575/A55

the nucleus as well as the ratio between the light from the nu-
cleus and the total light of the object, setting the scene for the
class of Seyfert galaxies that in summary show, bright, star-like
nucleus, and broad emission lines that cover a wide range of ion-
isation states.Khachikian & Weedman(1974) much later clas-
si�ed Seyfert galaxies into types 1 and 2 depending on whether
the H� lines (Balmer series) are broader than the forbidden ones,
or of approximately the same width. Typically, the width of for-
bidden lines in both classes are of the order of “narrow emis-
sion lines”, that is, of about 300–800 km sŠ1, while the width of
“broad emission lines” – including the hydrogen Balmer lines –
is about 1000–6000 km sŠ1 (Osterbrock 1984).

Davidson & Kinman(1978) found that MRK 359 appeared,
to be lying at the low end of the line-width distribution and
to have H� and forbidden lines of comparable widths that
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